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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 study is relevant due to the need to deepen oil
refining and find efficient ways to utilize heavy petroleum residues at the Atyrau
Oil Refinery, where their use as boiler fuel is becoming economically unviable
due to excise duties and quality risks. Objective. The objective is a comprehensive
study of catalytic cracking residue with the development of recommendations for
petroleum pitch production. Methods and methodology. The research involved
detailed analysis of the physicochemical properties of the feedstock, as well
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as its elemental and hydrocarbon group composition, using atomic emission
spectroscopy and a “Gradient” chromatograph. The initial sample was distilled in
a laboratory unit equipped with a packed column. Fractions obtained at different
boiling ranges were subjected to pitching in a laboratory reactor fitted with a
system for gas oil collection. Experiments were carried out on a pilot-scale pitching
unit, while simulated distillation data for coking gas oil samples, obtained by gas
chromatography, were further modeled using Aspen Hysys software. Results and
conclusions. The results demonstrated that the cracking residue is characterized
by high coking ability, a considerable content of aromatic hydrocarbons, and very
low concentrations of metals, which makes it a valuable feedstock for producing
high-quality carbon materials. Analysis of fractional composition and true boiling
point curves confirmed that thermally processed products are lighter and more
diverse than the original residue. The feasibility of petroleum pitch production
by thermocondensation was confirmed, with yields ranging from 11.5% to 32.5%
by mass. A conceptual process scheme was proposed to improve efficiency.
Implementation of these recommendations will enable production of mesophase
petroleum pitches for carbon—carbon composites, while increasing refining depth,
improving profitability, reducing waste, and enhancing environmental performance.

Keywords: deep oil refining, catalytic cracking unit, cracking residue, pitch
process, oil pitch, Atyrau Refinery
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AnHoOTauus. Ozexminici. YKYMBICTBIH ©3€KTLNIN MyHaWIBl TEpeH ©HACY
JICHI'eHiH apTTBIPy JKOHE ayblp MyHail KaJABIKTapbhlH THIMII K9oAere jkapary
KOILAAPBIH 137€y KaKETTIMIriMeH OallaHBICTBI, OUTKEHI onapAbl ATeIpay MyHan
OHJICY 3ayBIThI KaFIalblHAa Ka3aH/AbIK OTHIHBIHBIH KYpaMbIHA KOCY aKIU3AEPIiH
KOFapbl OONMybl MEH ©HIM camachlHblH TOMEHICY KaymiHe OaiIaHbICThI
SKOHOMHUKAJIBIK TYPFBIJAH THUIMCI3 Oosbill OThIp. Maxcamwl. Herisri makcar —
KOJIIAHBICTAFbl KaTAJIMTHKAJIBIK KPEKUHI KOHJBIPFBICBIHAH aJbIHATBIH KPEKHUHT-
KaJIIBIKTBI KeIICH I 3epTTey KoHE MYHal MeKTepiH oHIipy OOMBIHINA YCHIHBICTAp
azipney. Odicmepi dicane a0icHamacsl. JKYMBIC OapbICBHIH/IA IHUKI3aTThIH (U3KKA-
XMMUSUIBIK KaCHUETTEpiHe, DIIEMEHTTIK KOHE TONTHIK KOMIPCYTEKTIK KypaMbIHA
aTOMBIK-3MHUCCHUSUIIBIK CIIEKTPOMETP koHe «I'pagueHT» Xpomarorpadbl apKbLIbI
JKAH-)KAKThI TaJJlay JKYpri3ijai. bactamkel yiTiHIH aijay mporeci HacaJkajbl
KOJIOHHAChI 0ap 3epTXaHalblK KOHIBIPFBbIAA OPBIHAANIBL. KpeKnHT-KanabIKThIH
OpTYPIi hpaKuMsIIapBIH MEKTEY Ta30iiIbAl )KUHAYFa apHaIFaH HIbIFapy KyiHeciMeH
KaONBIKTaJFaH 3EpPTXaHAIbIK peaKkTopla JKYy3ere achlpbULIbl. ToxkipuOenep
MEKTEY/AiH MUIOTTHIK 3ePTXaHaIBbIK KOHABIPFBICHIH/IA KYPTi3iiai. OpTYpii MIKKi3ar
TYpJIEpi YIIiH ra3ablK Xpomarorpadus o/1iCiMeH albIHFaH MEKTey Ta30iIbAepiHiH
UMHUTAUMSUIBIK - aligay  gepekrtepi Aspen Hysys Oarmapnamackl  KeMeriMeH
Ooimkauabl. Homuoicenep men KOpolmblHObLIAP. 3ePTTEY HOTHIKECIHAEC KPCKUHT-
KaJIIBIKTBIH KOFaphl KOKCTCHY KaOlleTIMEH, apoMaTThl KOMIPCYTEKTEp/IiH eaAdyip
MOJIIEpIMEH OHE METaIJapAblH ©Te TOMEH KypaMbIMEH CHIATTajlaThIHbI
AHBIKTAJIBI, OYJ1 OHBI YKOFaphl camajibl KOMIPTEKTI MaTepHanaap amyra KYHIbI
muKizar eremi. OpakusIbIK KypaM MEH HaKThl KaliHay TeMIleparypajapbIHbIH
KHUCBIKTApbIH Talfay TMeKTey OHIMJIEpiHiH OacTankbl KPEKHHI-KaJAbIKICH
CaJIBICTBIPFaH/Ia JKEHUIIPEK >KOHE KypaMbl OpTYpJl €KeHiH KepceTTi, Oy aybIp
(dpakIysIapIpl TEPMISUIBIK OHJICYIIH THIMIUIITIH JoJIeIehal. DKCIePUMEHTTIK
TYP/Zi€ KaJABIKTBIH 9pTYPIl PpakuusIapblH TEPMOKOHICHCALUSIIAY apKbLUTbI MyHal
TMETiH aly MYMKIHZIr pacTaiibl, Oy peTTe MaKcaTThl ©HIMHIH HIBIFBIMBI IPOLIECC
napameTtpiepine OaimaneicThl MaccanblH 11,5%-nman 32,5%-ra neifin esrepetiHi
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AHHOTamMA.  AxmyanrbHocmb.  AKTyanbHOCTH  paboOTBl  OOyCIIOBIIEHA
HEOOXOAMMOCTBIO TIOBBINICHUSI TIYOWHBI TepepaboTKH HEPTH W TOWCKa
3G QEKTUBHBIX MyTeH YTWIN3ALUUHM TSDKEJIBIX HE(TAHBIX OCTATKOB B YCIOBHUSX
Atpipayckoro HedrenepepabaThIBaIOIIETO 3aBoja. BoBieueHHE TaKUX OCTATKOB
B COCTaB KOTEJIbHOI'O TOIUIMBA CTAHOBHUTCS SKOHOMHYECKH HEBBITOJHBIM H3-3a
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AKIIM30B M PUCKOB YXYAIIICHHUS KaueCTBa MPOAYKIIUH, 4TO TPeOyeT pa3padboTKu Oosee
palMOHABHBIX HAIPaBICHUA WX TepepadoTku. [[ers. IIpoBecTn KOMITIIEKCHOE
WCCIICZIOBAaHUE KPEKUHT-OCTaTKa JICWCTBYIONICH YCTAaHOBKM KAaTaJTUTHYECKOIO
KpEeKHHTa 1 pa3padoTaTh peKOMEHIAINH IO €T0 NCTIOIB30BAHUIO JIISI IIPOU3BOACTBA
He(TAHBIX TIEKOB. Memoosbi. B xo1e paboThI MPOBE/ICH ICTaIbHBIN aHAIN3 (PU3UKO-
XUMHUYECKAX CBOWCTB CBHIPBS, €r0 3JIEMEHTHOTO U I'PYMIIOBOTO YIIIEBOIOPOTHOTO
COCTaBa C MCII0JIb30BAaHMEM aTOMHO-3MHUCCHOHHOTO CIICKTPOMETpa 1 XpoMaTorpada
«I'pamuenT». PasroHka WCXOAHOTO 00paslia BBITIOJHEHA Ha J1a00paTopHOI
YCTaHOBKE C HacaaodHOW KOMOHHOW. IlexkoBanme (hpakummii pa3mudHON TITyOWHBI
0T0OOpa KPEKHHI-0CTaTKa OCYIIECTRICHO B JJAOOPATOPHOM PEaKTope, CHAOKECHHOM
OTBOJIOM JiIsi cOopa Ta3oWis. ODKCIEPUMEHTHl TMPOBOAWIINCH Ha MWIOTHOMN
J1a0OPaTOPHON YCTAaHOBKE MEKOBaHUs. JlaHHbIC 10 UMUTHPOBAHHOM JTUCTHILISIIMH
00pa3IoB ra3oilyis MEeKOBaHUs, MOJTYYSHHBIE METOJOM Ta30BOH XpomaTtorpaduu
JUT Pa3HBIX BHJOB CHIPBS, OBUTH CIIPOTHO3MPOBAHBI C TOMOIIBIO MPOTPAMMBI
Aspen HYSYS. Pesyromamvl u 6b1600bl. YCTaHOBJICHO, YTO KPEKHHI-OCTaTOK
XapaKTepu3yeTcss BBICOKOH KOKCYEMOCTBIO, 3HAUMTENFHBIM  COAEpIKAHUEM
apOMaTHUYECKUX YIJICBOJIOPOJOB U KpaliHE HM3KUM COACPKAHUEM METAJLJIOB, YTO
JIENIaeT ero LEHHBIM CHIPHEM JIJISl TIONYYECHHUS BHICOKOKAYECTBEHHBIX YTIIEPOIHBIX
MaTepuasioB. AHalin3 (pakIMOHHOIO COCTaBa M KPUBBIX MCTUHHBIX TEMIIEPaTyp
KHIICHUSl T[I0Ka3aj, YTO TPOAYKTHl IEKOBaHUS 00JalaloT 0ojee JIETKUM U
pa3HO0Opa3HBIM KOMIIOHEHTHBIM COCTaBOM IO CPAaBHEHHIO C MCXOJHBIM KPEKHHT-
OCTaTKOM, 4YTO MOATBEPKAaeT APPEKTUBHOCTh TEPMHUUECKOH IepepadOTKH
TSOKEINBIX (Ppakiuid. DKCIEPUMEHTAIBHO MTOITBEPKICHA BOZMOKXHOCTh TIOJTYYSHHS
He(TAHOTO IIeKa METOIOM TEPMOKOH/ICHCAIIMH Pa3IMuHbIX (PaKIMil OCTaTKa, IPU
STOM BBIXO/[I 1I€JIEBOTO IpoAyKTa cocTaBui oT 11,5 no 32,5 macc.% B 3aBUCHUMOCTH
OT TapaMeTpoB mporecca. Ha ocHOBaHMHM MONyYeHHBIX JaHHBIX pa3paboTaHa M
MpeJUIOKEHA IPUHIIAITHATBHAS TEXHOJIOTHUECKask CXeMa YCTaHOBKH, BKIIFOYAFOIIAS
ONMOKM BaKyyMHOW pasTOHKM ¥ PEAaKTOPhl IEePHOANYECKOTO I1eKOBAaHUSI.
[IpuMeHeHne TaHHBIX PEKOMEHIAIMK MMO3BOJUT 3aBOJY HAIAUTh MPOU3BOJCTBO
WHHOBAIlMOHHBIX Me30(a3HbIX TIEKOB IS CO3/IaHUsl  yIIEePOA-YTIIEPOIHBIX
KOMITO3UI[MOHHBIX MaTE€pPHaiOB, MOBBICHTH OOIIYH) PEHTA0CIBHOCTh U IIyOHHY
nepepaboTKu HETH, COKPATUTh 00BEM MPOU3BOJCTBEHHBIX OTXO/IOB U YAYYIIUTh
SKOJIOTHYECKHE TIOKA3aTeIH TEXHOJIOTHIECKIX POIIECCOB.

KuaroueBbie ciioBa: niry0okas mepepadoTka HETH, yCTaHOBKA KATATUTHYECKOTO
KpEKHHTa, KPEeKHHI-OCTaTOK, TIIeKOBaHHWE, He(TsHOW TeK, ATbIpaycKui
HedTenepepadarbBAIONINN 3aBOJT

Introduction. In the modern world of oil refining, in-depth oil refining does not
lose its relevance and is of great interest to meet the growing demand for motor
fuels (Karabassova et al., 2025)

In this regard, catalytic cracking is crucial for the production of the high-octane
component of gasoline with an octane rating of 85-93 using the research method
from low-value heavy raw materials (Oloruntoba et al., 2022), At the same time, a
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significant amount of valuable liquefied gases is formed, which are raw materials for
subsequent production of high—octane gasoline components of isomeric structure:
alkylate and methyl tert-butyl ether, as well as raw materials for petrochemical
industries (Emberru et al., 2024). The light gas oil produced in the process is
usually used as a component of diesel fuel, and heavy gas oil with a high content
of polycyclic aromatics is used as a raw material for the production of carbon black
or high—quality electrode coke (for example, needle coke) (Tanimu et al., 2025).

One of the ways to process heavy residues from catalytic cracking is to produce
high-quality mesophase oil pitches from it. The field of application of oil pitches
is quite extensive however the most promising application is the production of
carbon-carbon composite materials based on them. Depending on their properties,
they can be used in automotive, energy and other industries. Therefore, it is possible
to establish the production of oil pitches from heavy oil residues, both from the
point of view of obtaining innovative materials and for the purpose of deepening
oil refining (Eremenko et al., 2025).

Petroleum pitches are technologically advanced materials required in modern
industry due to their unique physicochemical properties (Kumari et al., 2023).
These materials are characterized by high thermal stability and mechanical
strength, as well as good thermal and electrical conductivity, which makes them
BocTpeOoBaHHBIMH in many critical applications (Mingzhi Wang et al., 2025).

Compared to isotropic pitches, anisotropic pitches have a more ordered structure,
enabling them to exhibit superior technical characteristics. Such materials open new
opportunities for their use in high-tech manufacturing (Yinda Wang et al., 2025).

Akey area of application for anisotropic pitches is the production of carbon fibers.
Carbon fiber and composite materials based on it are unique products used across
various industries, including nuclear, chemical, aerospace, electrical engineering,
metallurgy, and mechanical engineering (Kovalev et al., 2025a), Demand for these
materials is constantly growing, and their applications are expanding - from electric
heating elements to the production of space rocket components. Due to their non-
toxicity and the ability of carbon to integrate into the human body, carbon fiber-
based endoprostheses are widely used in medicine (Kovalev et al., 2025b).

Another important application of anisotropic pitches is the production of needle
coke, which is used in the manufacture of graphite electrodes for steelmaking in
electric arc furnaces, as well as for producing synthetic graphite used as anode
material in lithium-ion batteries for electric vehicles (Nevedrov et al., 2024).

The production of anisotropic pitches from coal tar causes significant
environmental harm. Moreover, coal tar contains a large amount of carcinogenic
substances, particularly polycyclic aromatic hydrocarbons, which pose serious
risks to human health (Lia et al., 2020).

A more environmentally friendly and cost-effective raw material for producing
anisotropic petroleum pitches can be residual petroleum fractions generated during
oil refining and petrochemical processes - namely, heavy residues from catalytic
cracking and heavy pyrolysis tar. These fractions are produced in substantial
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quantities but are not efficiently utilized (Kugatov et al. 2021; Dong Huang et
al. 2021). Thus, the paper (He Liu et al. 2022) describes methods for producing
high-quality needle coke from catalytic cracking unit residue. The characteristics
of needle coke production arise from the carbonization process and the carbon
mesophase theory (Guangxue Zhou et al. 2021)

Thus, the production of anisotropic petroleum pitches in Kazakhstan is highly
relevant, given the extensive raw material base resulting from the high production
capacities of oil refining and petrochemical enterprises. However, industrial-scale
production of such pitches is currently absent. Therefore, an important task is the
development of technologies for processing secondary heavy petroleum residues to
produce pitches (Rujun Zha et al. 2025).

Materials and methods of research. In 2018, the Atyrau Oil Refinery
commissioned a catalytic cracking unit for heavy oil residues (RFCC), the purpose
of which is to convert fuel oil, vacuum gas oil, and heavy coking gas oil into high-
value-added products, which include gasoline of various brands, jet fuels, diesel
fuels, and liquefied petroleum gas (Danbay et al. 2021). The uniqueness of this
installation lies in the fact that two regenerators are used in this process. This makes
it possible to significantly reduce unit operating costs and increase the efficiency of
the raw material processing process at this unit (Bukanova et al. 2021).

The catalytic cracking unit produces a product called cracking residue, which is
removed from the cubic part of the main fractionation column C-0201 (Figure 1).
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Figure 1. Block for obtaining cracking residue for the catalytic cracking unit.

157



ISSN 2224-5278 3.2026

To date, the cracking residue is fully involved in the preparation of commercial
fuel oil of the M-100 brand. When the cracking residue is involved in fuel oil,
there is a significant risk of deterioration in the quality characteristics of marketable
products. One of the reasons is the non-use of the filter No. F-0201, designed to
clean the cracking residue from mechanical impurities, including catalyst dust. But
this filter has not been functioning since the start-up of the catalytic cracking unit
(Technological regulations, 2024)

According to factory data, cracking residue is produced in the amount of 13.5
tons/hour or 326 tons per day (Table 1).

Table 1. Material balance of catalytic cracking unit.

Name Yield

wt.% t/year
Input:
Feed of catalytic cracking unit 100,0 2431000
Total 100,0 2431000
Output
Fuel gas 5,3 128843
Light gas oil 12,4 301444
Liquefied gas 18,1 440011
Stabilized gasoline 52,8 1283568
Heavy gas oil 2,9 70499
Cracking residue 4.4 106964
Acid gas in amine solution 0,9 21879
Losses 3,2 77792
Total 100,0 2431000

In order to study possible options for processing heavy oil residues, a cracking
residue selected from a catalytic cracking unit was used as a raw material. Its
physico-chemical characteristics were determined, as shown in table 2.

Table 2. Physico-chemical characteristics of cracking residue.

No Parameter, unit of measurement Value
1 Density at 20 °C, kg/m? 952,6
2 Distillation characteristics: initial boiling point, °C 269

Distillate yield at temperature, %

350 °C 4,3

360 °C 5,2

400 °C 29,9

440 °C 57.1

480 °C 73,1
3 ‘Water content, wt.% 0,03
4 Chloride salts content, mg/dm? 8,25
5 Kinematic viscosity at 100 °C, mm?¥/s 10,850
6 | Flash point (open cup), °C 216
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7 Mechanical impurities, wt.% 5,40
8 Conradson carbon residue, wt.% 6,34
9 Ash content, wt.% 0,044
10 | Sulfur content, wt.% 0,481

As can be seen from the presented data, the raw material is a heavy, highly
viscous, low-volatile product with a moderate sulfur content and a low proportion
of water and salts. High coking capacity and mechanical impurities indicate the
need for further processing or purification when used in technological processes.

The group hydrocarbon composition of the feedstock, which was determined
using the Gradient-M chromatograph, is shown in table 3. It is characterized by a
high content of paraffin-naphthenic hydrocarbons (66.8% by weight). At the same
time, the presence of a significant proportion of aromatic hydrocarbons (24.6% by
weight) was detected. These components provide high coking ability, contribute to
the formation of a condensed aromatic structure, and increase the yield of pitches
and carbonaceous residues needed in the production of carbon black. Resinous-
asphaltene substances (8.6% by weight) additionally increase the propensity of raw
materials to thermocondensation and the formation of a carbon phase, which has a
positive effect on both the properties of oil pitches and the output of carbon black.

Table 3. Hydrocarbon group composition of the feedstock.

Ne Component name Content, wt.%
1 paraffinic—naphthenic hydrocarbons 66,8
2 light aromatic hydrocarbons 4,0
3 medium aromatic hydrocarbons 1,6
4 heavy aromatic hydrocarbons 19,0
5 resins | 1,1
6 resins 11 4,9
7 asphaltenes 2,6

The elemental composition of the cracking residue was studied by inductively
coupled plasma atomic emission spectrometry (ICP-AES) according to ST RK
ASTM D 5185-2013 (Table 4).

Table 4. Elemental composition of the feedstock.

Element Name Mean Value, ppm Standard Deviation, ppm | Standard Deviation, %
Silver 0.057 0.011 18.7
Aluminum 0.013 0.003 26.1
Boron <0.001 0.014 29.2
Barium 0.007 0.003 46.5
Calcium 0.007 0.004 2.32
Cadmium 0.004 0.001 30.8
Chromium 0.004 0.002 642
Copper 0.132 0.011 8.24
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Iron 0.011 0.005 49.1
Potassium 0.055 0.100 181
Lithium <0.001 0.028 21.6
Magnesium <0.006 0.002 35.5
Manganese <0.002 0.000 2.54
Molybdenum <0.027 0.013 152
Sodium <0.003 0.009 2.09
Nickel 0.117 0.020 17.1
Phosphorus 0.077 0.062 80.0
Lead 0.123 0.006 4.56
Silicon <0.002 0.146 76.7
Tin <0.002 0.003 3.71
Titanium <0.003 0.001 43.0
Vanadium <0.003 0.004 161
Zinc <0.003 0.000 4.40

As can be seen from the presented data, the cracking residue is characterized
by a very low content of most metals. Only Cu, Ni, and Pb have been precisely
identified — the rest are at the level of trace amounts or below the detection limit.

The initial cracking residue of the Atyrau Refinery’s catalytic cracking was
distilled using a laboratory installation with a packed column (Figure 2)

=

10

Figure 2. Schematic diagram of a laboratory setup for vacuum distillation of cracking residue.
1 - cube; 2 - distillation column; 3 - spiral packing; 4 - water condenser; 5 - funnel for
washing the system; 6 - upper receiver; 7 - lower receiver; 8 - distillate flask; 9 - potentiometer;
10 - Tishchenko flasks; 11 - thermocouple; 13 - mercury vacuum gauge; 14 - porcelain beaker; 15 -

The data obtained is presented in table 5.

vacuum pump
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Table 5. Fractionation of the initial cracking residue in a packed column.

Top column temperature, °C Distillate yield, wt.%
266 0,000
300 1,807
350 4,706
400 7,500
450 41,875

The resulting fractions of the cracking residue were used as the raw material of

the pitch process.

The pitching of fractions with different sampling depths of the catalytic cracking
residue was carried out on a laboratory reactor equipped with a branch for collecting
gas oil. The reactor diagram is shown in figure 3.

220V
220 V- 5/18 1\
9
A 8
e Y il
Water \ /6 2
12 3
£ &/
220V~ 22\15 4’ i |

Figure 3. Schematic diagram of the laboratory setup for the sintering process.

1 —hood; 2 — gas clock; 3 — gas meter; 4 — graduated cylinder; 5, 6, 7 — three-way valves; 8 — water
cooler; 9 — thermocouple; 10 — furnace; 11 — reactor; 12 — allonge; 13 — gas oil receiver; 14 — fan; 15
— transformer; 16 — latrine vacuum transformer; 17 — high precision temperature controller;

18 — indicator.

Results. The experimental data obtained on pitching fractions of different
sampling depths of heavy oil residue of the Atyrau Refinery are presented in table 6.

Table 6. Results of experiments on the coking of fractions with different depths of heavy
catalytic cracking gas oil withdrawal from the Atyrau Oil Refinery.

Fraction hollfi(i);hetril:rlf: at Coke/semi-coke Gas oil yield deS:is 0111 /
430 OgC min yield on feed, wt.% | on feed, wt.% n?;’ &
450 °C — final boiling point 200 23,4 58,2 952,2
450 °C- final boiling point 60 32,5 61,2 —
350 °C-— final boiling point 245 11,5 79,7 961,9
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300 °C — final boiling point

180

17,5

75,9

965,2

400 °C —final boiling point

45

19,3

74,6

967,71

Data on the simulated distillation of pitch gas oil samples performed by gas
chromatography for different types of raw materials are presented in table 7.

Table 7. Results of simulated distillation (gas chromatography) of coking gas oil samples.

Distil\:vattia/yield, Temperature for the specified feed fraction, °C
. /0
300 °C — final 350 °C—final [400 °C —final boiling| 450 °C —final
boiling point boiling point point boiling point
0,0 54,25 53,82 74,57 74,19
0,5 65,88 76,32 86,25 87,49
5,0 180,80 198,34 198,74 186,47
10,0 263,98 290,14 248,63 235,39
15,0 324,51 351,77 308,36 252,45
20,0 363,10 380,35 360,28 290,16
25,0 383,74 395,93 385,58 330,36
30,0 397,55 406,22 399,75 367,28
35,0 407,37 414,36 409,26 394,05
40,0 415,57 422,16 417,35 410,41
45,0 422,92 429,30 423,55 421,28
50,0 430,14 437,42 429,93 428,74
55,0 439,25 446,40 437,42 435,90
60,0 448,61 456,92 445,08 443,50
65,0 459,89 468,40 453,44 450,80
70,0 474,41 484,87 462,92 459,12
75,0 505,68 - 474,50 467,81
80,0 - - 491,31 478,66
85,0 - - - 496,61

As a result of processing experimental data on vacuum distillation of the
cracking residue and simulated distillation of pitch gas oil samples at Aspen Hysys,
a series of TBP (True Boiling Points) curves was obtained, shown in figure 4.

The figure below shows the curves of true boiling points characterizing the
fractional composition of various petroleum products: the cracking residue of the
Atyrau Refinery catalytic cracking and various fractions of pitch gas oil (300 °C —

f.b.p., 350 °c — fb.p., 400 °C — f.b.p., 450 °C — f.b.p.).

The graph illustrates the dependence of the total distillate yield on the heating
temperature. All the presented samples demonstrate a regular increase in the yield
of light and medium fractions with increasing temperature, however, the nature of

the curves varies significantly depending on the type of raw material.
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Figure 4. Integral curves of true boiling points for the initial cracking residue and pitch gas oil
samples.

A comparison of the TBP curves allows us to conclude about the different
volatility and component composition of the materials under study. The cracking
residue is a more homogeneous heavy raw material in composition, while pitch gas
oils contain a significant proportion of low-boiling components, which determines
their technological properties during further processing.

The result of the TBP determination is presented in Table 8.

Table 8. Results of determining the true boiling point (TBP) of catalytic cracking residue and
coking gas oil samples.

Top column temperature for the specified sample, °C
Distillate . . Coking gas oil of residue fraction
yield, wt2s | Inital catlytie 1= e el [ 400 °C — final | 450 °C — final
cracking residue . ) . . o . . .
boiling point | boiling point | boiling point | boiling point
0,0 266,5 126,2 136,1 1453 1374
1,0 276,8 138,2 151,5 156,5 148,8
2,0 296,1 161,2 178,9 178,5 169,5
3,5 321,1 195,7 215,0 211,0 196,5
5,0 3429 224,6 245,1 233,1 214,8
7.5 375,1 259.4 283,7 254.8 237.9
10,0 392,1 289,9 316,6 274,2 248,5
12,5 3973 320,3 3474 304,2 256,0
15,0 401,1 344,6 368,9 3332 268,8
17,5 405,2 362,7 381,9 358,8 288,4
20,0 409,1 3744 389,7 373,3 309,1
25,0 417,8 3939 404,1 3944 349,8
30,0 427,0 404,7 413,5 407,1 382,2
35,0 436,6 4124 419,6 4154 402,6
40,0 446,6 419,3 426,0 420,7 416,2
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45,0 456,7 4263 432,7 426,7 4254
50,0 466,5 433,9 440,4 4328 4328
55,0 4748 4434 450,0 439.4 439,0
60,0 4822 4514 461,4 446.8 445.1
65,0 489.,6 466,1 4753 455,7 452,0
70,0 4972 488.2 4915 467,0 460.3
75,0 505,6 5193 509,5 482.,0 470,9
80,0 5155 554.4 529.8 4993 4853
85,0 528.5 589,7 5523 518,0 501,3
90,0 5413 6223 573,9 5374 516,7
925 5515 638.6 5853 544.5 526.5
95,0 564,0 658,7 598,2 557,1 539,1
96,5 573,1 672.9 607,4 5678 547.8
98,0 5835 689,1 618,0 580,2 557,3
99,0 591,2 701,2 626,0 588,2 560,0
100,0 599.6 714,4 634,9 588,2 560,0

Based on the presented results, the following schematic diagram of a pitch
production unit (Figure 5) is proposed, designed for processing heavy cracking
residue from catalytic cracking.

4

cracking residue
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fr. 200450
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®

gases

light gas oil

heavy gas oil

Figure 5. Schematic diagram of the pitch production plant at the Atyrau Oil Refinery.

benzine

drainage water

The unit consists of a vacuum distillation unit for cracking residue, two parallel
periodic pitch reactors, and an atmospheric distillation unit for light pitch products.
Additionally, we can get gas, gasoline, light and heavy gas oil.

This unit is designed to process the heavy cracking residue of a catalytic cracking
unit in order to produce pitch, as well as gases, gasoline, light and heavy gas oils.
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The use of this unit at oil refineries helps to increase the depth of processing and
economic efficiency of production.

Conclusions. In conclusion, it was found that the cracking residue of the Atyrau
Refinery’s catalytic cracking unit is characterized as a heavy hydrocarbon feedstock
with pronounced composition features. The analysis of physico-chemical, elemental
and group hydrocarbon parameters showed a high coking capacity of the product
(6.34%) and a significant content of aromatic hydrocarbons (24.6%). The results
obtained indicate the expediency of its use as a promising raw material for the
production of carbon-containing materials.

Based on the experimental results, a basic technological scheme of an oil pitch
production unit has been developed, including a vacuum distillation unit, batch
pitch reactors, and units for the disposal of light products. The implementation of
the proposed scheme will increase the depth of oil refining at the Atyrau refinery,
increase the yield of gasoline and gas oil fractions; organize the production of
commercial oil pitch as an independent product with high added value; reduce
waste and improve environmental performance of production.

The results obtained confirm the technological and economic feasibility of
involving the cracking residues of catalytic cracking in the process of pitch
production and open up prospects for further research in the field of optimizing
pitching parameters and improving the properties of final carbon materials.
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