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I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol «KP ¥£A Xabapnapei. ['eonoeus scone
MEXHUKAIBIK bLIBIMOAD CEePUsChly blIbIMU JCypHAIbiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvli xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvioay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawvliap MeH meKemenepze KOHmMeHm mepenoici MeH canacvih ycuvihaovl. KP
¥F'A Xabapnapwi. 'eonozus scone mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKmi Jicane 6e0eNdi 2e0102Usl HCIHE MEXHUKATBIK
ELILIMOAp OOUbIHUA KOHMEHMKE A0a0blebIMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunwiii sicypran «zeecmuss HAH PK. Cepust eeonocuu u mexHuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpO8aHUU HAXOOUMCS 8 CMAaOUull paccmMompeHus
xomnanueu Clarivate Analytics ons danvueiueco npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuu. Brmouenue Hzeecmus HAH PK. Cepus ceonoeuu u mexHuieckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nawty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2e0N02UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
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Kazakcran) H =4

FplabiMu XaTiibl
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FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
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nupektopsl (Anmarsl, Kazakcran) H=2
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3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb
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ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
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cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37
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(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
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K.N. Orazbayeva!, M.K. Urazgaliyeva?, Zh.Zh. Moldasheva*,
N.K. Shazhdekeyeva, D.O. Kozhakhmetova’®
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PROBLEMS OF INCREASING THE DEPTH OF GEOLOGICAL
EXPLORATION AND OIL REFINING IN KAZAKHSTAN AND
APPROACHES TO THEIR SOLUTION

Abstract. At present, the depth of oil geoexploration and processing in Kazakhstani
oil refineries has increased after the modernization, but still lags behind similar
indicators in the United States and other countries with developed technology for deep
oil refining and geological exploration of oil. In this regard, the introduction of promising
methods and technologies for increasing the depth of oil refining and geoexploration in
Kazakhstani oil refineries and geology is an urgent problem for the oil refining and
geoexploration industries of the republic, as well as science and technology. To study
and solve this problem, this paper uses analytical, experimental and statistical methods,
physicochemical methods of analysis, as well as methods of geological exploration of
oil and deep oil processing and acoustic methods.

The paper studies a cluster scheme for the development of oil geoexploration and
oil refining industries in Kazakhstan and proposes a basic scheme for the formation
of a cluster of geological and petrochemical industries of the republic. Methods and
technologies for increasing the depth of oil geoexploration and its processing are
analyzed. The technology of oil exploration and processing of heavy oil fractions,
in which raw materials and catalyst will not be in contact, is justified as a promising
technology for increasing the depth of oil geoexploration and processing of heavy oils,
oil fractions. A technology is proposed for increasing the depth of oil geoexploration
and oil refining through deep oil exploration and processing of heavy oil fractions
based on cavitation technology. A scheme of the installation is presented and described,
which makes it possible to effectively implement this technology of deep oil
geoexploration and processing of heavy oil fractions based on electromagnetic
oscillations and wide
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spectrum acoustic frequencies. The results of the study in the work can be applied in
practice to increase the depth of oil geoexploration and oil refining by increasing the
deep oil geoexploration and oil refining of heavy oil fractions.

Key words: Geoexploration, oil geology, depth of geoexploration and oil refining,
oil refining, petrochemistry, heavy oil fractions, cavitation.
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KA3AKCTAHJIA MYHAI TEOJIOTUSICBI MEH OHBI OHJIEY
TEPEHJIITTH APTTBIPY MOCEJIEJEPI MEH OJIAPIBI IIEITY
TOCLJIEMEJIEPI

Annoramus. Kazipri yakpITTa Ka3akCTaHIBIK MYHail I'eOJOTHsChIHAA OapiiaHbII,
OHJIpUITeH MYHaWAbl eHJAEY OHJey TEpeHMIri MoAepHM3auusaydaH KeiliH Oipas
ecri, anaiina om ne AKII >xoHe MyHaiIbl TepeH eHIey TEXHOJIOTHICH MeH Oapriay
Te0JIOTHSICHl IaMbIFaH OacKa enjepheri yKcac KepCeTKIIITepAeH apTTa Kajblll OTHIP.
CoHOBIKTaH Ka3aKCTaHABIK MYHall eHJAEY 3aybITTapblHIA MyHall eHAey TepeH.IIriH
apTTHIPYIBIH IEPCIEKTUBANBIK 91iCTEPi MEH TEXHOJIOTHSIIAPBIH €HT13y peCnyOIKaHbIH
MYHal reoJIoTHsIChl MEH OHBI OHJIEY, MYHA-XUMUS ©HEPKICINTEPiHiH, COHAAN-aK FHUIBIM
MeH TEeXHHUKa YIIiH 63€KTi Mocelie OOJbII Ta0bUIagbl. ATalFaH MACENIeHi 3epTTey JKoHe
mienry yiriH OyJl 3epTTey >KYMBICHIHIA aHAJUTHUKAIBIK, TOKipHOETiK-CTaTHCTHKAIIBIK
ozicTep MEH TajaaydblH (HU3HKa-XUMUSIIBIK 9IICTEpl, COHai-aKk MYHall TeoJIOTUsACH
MEH MYHaH/bI TEpeH OHJIeY 9IICTepi XKoHE aKyCTHKAJIBIK 9IiCTep KONJaHbUIAIbI.

XKymeicta KazakcTaHHBIH MyHali TEOJOTHSCHI J)KOHE MYHall ©HJEY OHEpKaciOiH
JaMBITYAbIH KJIACTCTEPIIiK CXeMachl 3epTTeNil, peciyONuKaHbIH MyHal-XUMHS OHEp-
KoCiOiHIH KJIacCTepiH KaJbINTACTBIPYAbIH NPHHLUUIHAIIBIK CXEMachl YCHIHBUIAMIBIL.
MyHail reomorusicel MEH MyHail eHJey TepeHIIriH apTThIpy oHicTepi MeH
TexHoJorusuiapsel Tanfganrad. llukizat meH karanuzatop OaitnaHbicTa OOIMaWTBHIH
MYHalAbIH ayblp (pakuusulapblH ©HAEY TEXHOJIOTHACH ayblp MYHAHAbI, MyHai
(dpakuusIapblH KOHE MYHall ©HJACY KalAbIKTapblH OHICY TEPEHIIriH apTTHIPYIbIH
MEPCHEeKTUBANbl TEXHOJOTHSACHl PETiHAe Heri3aenreH. KaBUTaUMSIIBIK TEXHOJIOTHS
HETi3iHAe MyHall TeoNIOTHSICHl MEH aybhlp MyHail QpakiusuiapelH TepeH ©HAeY
eceOiHeH MyHall ©HAEY TEpeHJIrH apTThIPy TEXHOJOTHSCH YCHIHbUIFaH. [eonorusaa
ANIEKTPOMArHUTTIK TepOeicTep MEH KeH CHEKTPIi aKyCTHKAaJbIK JKUITIKTEp HeTi3iHae
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aybIp MyHail (pakuusiapsl MEH MyHall eHJeY KalObIKTapblH TEPEeH OHJeY YIUiH OCHI
TEXHOJIOTHUSIHBI THUIM/I JKY3€re achblpyFa MYMKIHAIK OepeTiH KOHIBIPFBIHBIH CXEMachl
YCHIHBUIBIN, CHUMAaTTalfaH. OJEKTPOMAarHUTTIK TepOemicTep MEH KeH CIEeKTpIi
aKyCTHKAJIBIK )KUUTIKTEp HeTi31HAe MyHai Te0JIoTHUsCH MEH ayblp MyHal (pakuusiapsl
MeH MyHail eHJiey KaJIbIKTapblH TEPEH OHIEY YLIIH OChl TEXHOIOTHSHBI THIMII XKY3ere
acelpyFa MYMKIHIIK OepeTiH KOHIBIPFBIHBIH CXEMAachl YCBIHBUIBIN, CHIIATTAJIFaH.
JKyMBICTBIH 3€epTTey HOTHIKENepi MyHall TeOJIOTHACH MEH ayblp MyHall Qpakiusiiapsl
MeH KaJABIKTapbhlH TEepeH eHAey eceOiHeH MyHail Oapliay TeoJIOTHSICHI KOHE MyHai
OHJICY TEePEHIrH apTTHIPY YIIiH MPaKTUKaAa KOJJaHBUTYbl MYMKIiH.

Tyiiin ce3nep: Gapnay reonoruscsl, MyHail TeoJ0rHsACkl, MyHal Oapiiay reoJorHsCHl
MeH MyHail eHJey TepeHIir1, MyHail eH/ey, MyHall XUMHUSICBI, aybIp MyHai (pakuusiapsl,
KaBUTAalLHsI.
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MMPOBJIEMBI YBEJINYEHMUS IJTYBUHBI I'EOJIOTI'OPA3ZBEIKH
HE®TU U HE®GTEIIEPEPABOTKHA B KABAXCTAHE U ITOAXO/IbI
K UX PEHIEHUIO

AnHotanus. B HacTosiee Bpems iyOnHa reooropasBeku HeTH U IepepadboTKu
ee B Ka3axCTaHCKHX He]TenepepadaThBAIOIIMX 3aBOJAX IIOCIE IMPOBEIEHHBIX
MOJIEPHH3ALIMHU BBIPOCIIA, HO €1II€ OTCTAET OT aHAJIOTHYHbIX oka3zarener CLIA u npyrux
CTpaH C pa3BUTOH TeXHOJOTWElH IIyOOKoH HedTenepepabOTKH U TeOJIO0ropa3BeIKu
HepTH. B CBA3M ¢ 3TUM BHEIpeHHE NEPCIEKTUBHBIX CIIOCOOOB M TEXHOJIOTHH
MOBBIILICHUS TIyOHMHBI MEpepadOTKH W TeoNoropasBedkd HE()TH B Ka3aXCTaHCKUX
HedTenepepadaThBAIOMIMX 3aBOJlaX M TEOJIOTHH SBISIETCS aKTyalbHOM MpoOiaeMoit
HedTenepepadaTpBalOIe U T'e0OrOpa3BeAOYHON OTpacieil pecnmyOnuKd, a Takke
HayKH W TeXHOJOruu. sl MCClieoBaHUs W pEIleHHs AaHHON MpoOieMbl B JaHHOM
paboTe NPUMEHSIOTCS aHAJIUTUYECKUE, SKCIEPUMEHTAIBHO-CTAaTHCTUIECKUE METOBI,
(U3UKO-XMMHUYECKHE METOABI aHAJIN3a, a TaKKe METOIBl Teooropa3Belkn HehTH U
1yOOKO# nepepaOboTKi HeTH U aKyCTHIECKHE METOBI.

B pabote uccnenoBaHa KimacTepHas cxXeMa Pa3BUTHSL OTpaJiell T'e0JIOropa3BeAKH
HepTn u Hedrenmepepaborkn KazaxcTana W mpeanokeHa NPUHLMIHMAIBHAS CXeMa
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(dhopMHpOBaHUS KIacTepa reoNorn4eckoi 1 HeTEXMMUYECKOH oTpaciell pecmyOIrnKH.
[Ipoananu3upoBaHbl CIOCOOBI U TEXHOJIOTHH MOBBIILIEHUS TITyOHHBI T€0JI0rOpa3BeAKH
HepTHH eeniepepaboTKu. TeXHOMOT U reonoropa3BeAK HeTH U TepepadOTKHU TKEIBIX
HEQTIHBIX PPaKIUA, B KOTOPHIX CHIPhE M KaTaau3aTop He OyAyT B KOHTaKTe 000CHOBAHBI
KaK MepCIeKTHBHAs TEXHOJOTHUS Ul MOBBILIEHUS TIYOMHBI T€0JI0TOpa3Belku HePTH
U mepepaboTKu TsDKeNbIX HedTed, HedTsaHbIX (pakuuuii. [Ipeanoxena TexHOIOTHA
yBEeNMUEHH DIIyOMHBI TeosoropasBeqkd HehTH u HedrenmepepabOTKH 3a CyeT
DIyOOKOH pa3Benku HEPTH U mepepabOTKU TAKENBIX HEQTIHBIX (paKkUuil HA OCHOBE
KaBUTALMOHHOW TexHoyoruu. [IpuBeneHa n onucana cxema yCTaHOBKH, MO3BOJISAIOLIAS
3¢ PEKTUBHO peann30BaTh JAaHHYIO TEXHOJOTHIO TTYOOKOH reooropa3BeaAKd HeQTU U
nepepadoTKH TSDKENBIX (pakuuii He(hTH HA OCHOBE BJIEKTPOMAruHUTTHBIX KOJeOaHUH
U aKyCTUYECKHX YacTOT LIMPOKOTo cnekrpa. IlomyueHHble pe3yabsTaThl HCCaeJOBAaHHS
B paboTe MMeeT MMEeT BO3MOXKHOCTh NPUMEHHUS Ha TPAKTHKE MAJsl IMOBBILICHHS
DIyOWHBI Te0NOopa3BeAKH HEPTH U HedTenepepadOTKHU 3a CUET YBETUUEHHs TITyOOKOH
reoyioropasBeak HeTH U HedTenepepaboTKU TAKEIBIX HEPTAHBIX PpaKIHd.

KiroueBble cioBa: reopas3Beqka, reoiorus HehTH, IIyOWHA TeOJIOTOPAa3BEAKH H
nepepaboTku HepTH, HePTenepepadboTka, HeQTEXUMHSA, TsKeTble He(TsIHbIE (paKuny,
KaBUTAIKSI.

Introduction. A significant role in the development of the economy of any modern oil
country is played by implementation of efficient ways of oil refining depth, technologies
to improve it. So far, the oil refinery in the Republic of Kazakhstan has a much lower
refining depth than in other developed countries, such as in the United States, where
this figure exceeds 95% (Medieva, et al. 2017, Orazbayeyv, et al. 2020:498527). As a
result of the upgrade of Kazakhstan’s refineries jointly with foreign companies their oil
refining depths have recently improved, in particular, the average oil refining depth has
increased from 74.53% to 84.4%.

The depth of refining, the ratio of the commercial petroleum products volume
produced to the volume of total raw material (oil) used, for example, determines how
much of useful products are extracted from 1 ton of oil, and is the most important
indicator of the efficiency of oil refineries. Therefore, deep oil refining allows efficient
use of each ton of oil.

Despite the fact that as a result of the upgrades carried out the depth of oil refining
has now increased at the Atyrau Oil Refinery by 86.4%, at the Shymkent Oil Refinery
by 81.6%, and at the Pavlodar Petrochemical Plant up to 85% (Orazbayev, et al.
2019:182194, Kuznestov, 2022), these figures are still a decrease compared to the
same indicators in developed countries. These plants are still dominated by volumes of
hydrocarbons in the form of fuel oil and gas, which instead of further deep processing
are still burnt away in power plants, thermal plants, a part of them is burnt away by
flares. Whereas hydrocarbons in the form of fuel oil and gas are of great value in oil and
gas chemistry and are an important raw material for products (Kaminsky, 2019).

Vertically integrated oil and gas companies in the USA, Canada and Western Europe
derive most of their revenues not from sales of crude oil and gas, but from the deep
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processing thereof: tires and rubber products; plastics; fertilizers; synthetic fabrics and
products; medication and agricultural pest control agents; jet and rocket fuels; natural
and synthetic oils, etc. from sales on the world market.

As the depth of primary oil and gas products (methane, ethane, ethylene, propane
and other) processing increases and synthetic monomers, polymers and other chemical
products as well as quality fuels, natural and synthetic petroleum oils, bitumens, cokes,
etc. are produced, prices increase by 3-7 times (Moldasheva, et al. 2022).

In the economically developed countries such as the USA, Canada, Great Britain
the oil most deeply refined is the oil, from which a large range of particularly valuable
products is produced, such as petrochemicals, synthetic substances, paints, etc. And these
products are essential for household and space equipment, modern new technologies,
agriculture and other industries. Special attention might be drawn to natural and synthetic
oils. This is due to the fact that these products are not produced in the Republic, they
are delivered practically from abroad. Distillation and residual natural oils are obtained
from petroleum waste, such as fuel oil, whereas synthetic oils are obtained through
chemical synthesis of multigrain oil. The fuel oil is not used in the Republic for further
production of oils, it is primarily used for boiler fuel, i.e. it is used inefficiently.

Oil and gas condensates recently discovered and developed in the Republic are
characterized by high hydrogen sulfide and mercaptan sulfur content (Orazbayeyv, et al.
2020: 12351241). Therefore, elementary sulfur and purified feedstock are obtained at the
Tengiz, Zhanazhol and Karachaganak oil and gas refineries, where the oil firstly undergo
several stages of desulphurization. Elementary sulfur instead of further application is
being accumulated on the territory of these plants and causes serious damage to the
environment. Meanwhile, refined feedstock forms a mixture of high-quality light oil
products and gases, which contains 75-85% of gasoline and diesel fractions. The above
refineries produce only process and domestic gases from such feedstock, and the liquid
part is mainly exported in the form of light oil, only a small part is sent to refineries for
further processing (Kuanbayeva, et al. 2022).

Thus, under modern conditions the main line of economic and «green» development
of Kazakhstan is an integrated deployment of raw materials, including oil resources
and increase in the depth of their processing. The need for efficient development of the
oil refining sector is also substantiated by the constant growth of demand on domestic
and foreign markets for oil refinery products, which are the most important raw
materials and energy source for many sectors of the national economy (Orazbayeyv, et
al. 2020:10211036). Development of oil refining industry should be aimed at ensuring
stable demand for petroleum products, efficient primary and deep oil refining processes
and increasing the depth of oil refining through the reconstruction of existing facilities,
implementation of new technologies (Kuanbayeva, et al. 2022). Therefore at present the
provision of science-based approaches (techniques) and technologies to study and solve
the problems of increasing the depth of oil refining in Kazakhstan is a relevant scientific
and practical issue, which is especially important for the oil refining industry.

The purpose of this paper is to study the problems of increasing the depth of oil
processing in Kazakhstan and to propose approaches to solution thereof.
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In order to achieve the formulated goal, the following main tasks are being solved
and studies are being carried out:

- study and description of the cluster scheme of development of oil refining and
petrochemical industries in Kazakhstan;

- study of methods and technology to improve the depth of oil refining

- development of a technology to increase the depth of oil refining through deep
processing of heavy oil fractions.

Research materials and methods. In this paper the research materials are analytical
data and expert information on assessing the state of the oil refining industry development
in the world, including Kazakhstan, as well as data on technologies and ways to increase
the depth of oil refining (Orazbayev, et al. 2020:498507, Kaminsky, 2019, Orazbayeyv,
et al. 2021, Sansyzbay, et al. 2021, Orazbayev, et al. 2020:113). In addition, results of
acoustic cavitation application in the processes of deep refining of heavy oil fractions
utilized to develop a technology and a unit to increase the depth of oil refining (Promtov,
2017) are used as research materials.

As it is known, cavitation is a physical process, in which bubbles (voids) are formed
in liquids, followed by collapse of these bubbles and release of large amounts of energy
(Dumitrash, et al. 2019). This energy can cause damage to various equipment, but it
is also possible to deploy this energy beneficially in various processes, for example,
acoustic cavitation can be used efficiently in petroleum refining processes. During
acoustic cavitation there is a point increase in temperature and pressure by a significant
amount. For efficient utilization of cavitation energy, a special cavitation unit should
be constructed (Bytilin, 2022). This paper will propose an efficient technology to
increase the depth of refining heavy oil fractions using cavitation unit with a generator
of electromagnetic waves and beam distribution antenna.

Thus, this paper uses analytical, experimental-statistical methods and physical-
chemical methods of analysis (Botev, et al. 2020, Israilova, et al. 2021, Rakhmetov, et
al. 2022), as well as acoustic technology methods to study the problems of oil refining
depth increase and to solve them (Promtov, 2017, Dumitrash, et al. 2019, Kapranov,
2018).

Results. 1) Cluster scheme of development of oil refining and petrochemical
industries in Kazakhstan. Recently the issues of oil refining and chemical industry
development according to the cluster scheme have been increasingly discussed in the
country. It is the right direction. But in order to develop the cluster scheme it is necessary,
first of all, to provide its primary chain with raw materials and substantiate economic
efficiency of production of final target products competitive on the market.

Production of petrochemical raw materials is a promising operation line of Atyrau
Oil Refinery; as the plant is located on the main oil deposit field of Kazakhstan the
problem of recyclables will not arise today and in the nearest future. The Atyrau Oil
Refinery is solving these issues in order to be independent from external sources of
recyclables; for example, the facilities for aromatic hydrocarbons production - benzene
and paraxylene - based on the new technologies have been built and put into operation.
Benzene and paraxylene are the raw materials for the petrochemical industry. The
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facility for introduction of aromatic hydrocarbons integrates the Atyrau Oil Refinery
into the single chain of petrochemical industry being developed in Kazakhstan.

The first integrated petrochemical facility for production of world-class basic
petrochemical products designed for 1.25 million tons of products per year including
800 thousand tons of polyethylene and 450 thousand tons of polypropylene has been
constructed in Kazakhstan. The basic diagram for development of the petrochemical
cluster in Kazakhstan is shown in Figure 1.

Governmental authority Science Professional Infrastructure:
- > education [ railroad, motor roads, Aktau port
Petroleum ex- Petroleum
port < production Gas pro- Gas export
duction [P
A4 .
N N Petrochemical l

Oil refining E— cluster
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(manufacture of rubber goods)

InterComShina OJSC (Shymkent)
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ene, xylene
v ' v

l l Products of petrochemical industry: polyethylene, plastics, tech-
nical rubber items, tires, natural rubber and other

Construction mate- B-n —>
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Figure 1 - Basic diagram of petrochemical cluster development.

2) Methods and technologies to increase the depth of oil refining. The issue of
increasing the depth of oil refining is high on the agenda at all times. New technologies
have appeared, some of which have been introduced into production and some of
which have not. The technology described in this paper allows to receive annually large
additional volumes of profit and to save hundreds of millions of tons of raw materials,
completely providing the market with high-quality fuels and lubricants, motor fuel.

The general tendency in the oil industry is determined by the reduction of light oil
reserves; recently heavy, viscous, sulfurous petroleum forms the basis of reserves. By
means of widely used catalytic technologies it is impossible to bring the refining depth
to 100% because heavy oil wastes can quickly poison and coke the active layer of
any catalysts. Due to high content of metallic, sulfuric, nitrogen impurities and other
harmful compounds in the feedstock the activity of catalysts declines fast, their pores
get fixed, the surface of catalyst gets covered with tar and coke residues. All this reduces
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selectivity and efficiency of classical catalytic processes. Constant preparation and
renewal of catalysts, quick replacement and disposal thereof increase additional capital
and operating expenses, refining process and net cost of products being produced.
Therefore deep processing of oil and oil wastes is currently a serious challenge.

The main peculiarity and advantage of the method and technology proposed in this
paper is that heavy feedstock with a large number of various harmful compounds is not
in direct contact with the catalyst. First the feedstock is subjected to non-catalytic soft
cracking (e.g. thermal or thermo-mechanical cracking). The cracking process produces
unsaturated hydrocarbons that may later condense limiting the refining depth. In order
to achieve full and deep refining, increase the consumption of target light products and
fractions it is necessary to complement the refining scheme with a device that saturates
open bonds with atomic hydrogen or light radicals at minimum cost.

The problem can be solved by arranging a process scheme, in which the heavy
feedstock with harmful impurities and the catalyst are not in contact so that the catalyst
is not poisoned by harmful impurities and does not coke, which, in turn, ensures catalyst
durability, there is no need to regenerate and replace it. With this purpose the molecular
hydrogen or light hydrogen-containing media such as natural gases, part of the light
fractions obtained in the refining process are sent to the catalyst reactor heated to a
temperature necessary to produce active mono-atomic hydrogen or light radicals. This
reactor forms a unit for the production of mono-atomic hydrogen or light radicals. The
resulting active hydrogen or light radicals given their high reactive properties direct
the liquid non-catalytic feedstock to the heating unit for the reaction. The hydrogen
containing mixture saturated with hydrogen and the catalyst reactor can be heated by the
heat of the heated feedstock or the heavy fractions subjected to processing. The pressure
in the catalyst reactor should be higher than the pressure in the non-catalytic cracking
reactor.

Hydrogen or light radicals can be obtained from high quality light fractions by
saturating open bonds of unsaturated hydrocarbons. The light saturated hydrocarbons
of the reaction are continuously removed from the process by light target products
(compressed gas, gasoline, jet and diesel fuel, petrochemical products). In this process
the amount of harmful impurities, e.g. sulfur impurities, is reduced during refining of the
feedstock. In the course of processing the most of the sulfur goes to sulfuric acid, from
which atomic sulfur and other useful products are obtained by well-known methods. The
heavy fractions are sent for recycling. Processing of heavy fractions makes it possible
to reach the processing depth of 100%. Molecular hydrogen that did not participate in
reaction or light hydrogen saturated with hydrogen is sent for recycling in the beginning
of the middle process. If necessary, some parts of the heavy fractions may be sent to
obtain heavy marketable products (bitumen, coke and other). While the extraction of
molecular hydrogen is currently considered to be one of the expensive processes, the use
of natural or associated gas (which in most cases is flared) to produce atomic hydrogen
or light radicals allows to minimize the cost of deep processing.

The technology has been tested on a small laboratory unit (Vyatkin, al et, 2017). As
a result of tests the depth of heavy oil fractions refining reached 97-98%. Considering
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the generated condensation gases it can be concluded that the proposed technology can
increase the refining depth up to 100%.

Inthistechnology the heavy feedstock isnotin direct contact with the catalyst, therefore
the catalyst is not poisoned and coked, there is no need for catalyst regeneration and
replacement, the process becomes easier and its reliability increases, the cost of process
and equipment decreases significantly, i.e. the capital and operating costs decrease, the
processing depth can reach 100%. Whereas raw materials are saved during production
of the required volume of target marketable products; in other words, application of the
described technology enables optimal utilization of raw material resources.

3) Technology and unit for increasing oil refining depth through deep processing of
heavy oil fractions

Let us consider a method of deep processing of petroleum containing heavy fractions
and devices of realization thereof. When processing heavy oil fractions in order to obtain
additional white oil products the method of thermal decomposition of heavy oil fractions
in the presence of known catalytic cracking — catalyst - is widely used. However this
known method can not increase the yield of light oil products by more than 5478%
due to the limited activity and selectivity of the catalyst used, besides the method is
expensive and difficult to implement. Other method is known, which involves refining
by sequential separation of fractions of hydrocarbon raw materials using electromagnetic
energy at a frequency of 300 MHz-300 GHz. The disadvantage of this method is the
inability to fully use the raw materials in the course of processing due to the tension
of electromagnetic space. There are methods of impacting the petroleum products by
ionized radiation (by neutron flux or emission of y-radiation) and subsequent products
processing by Catalonian cracking. But application of this approach in production is
inefficient because of complexity, complexity of process control, and its application is
dangerous.

Thus, as a result of analysis of approaches and equipment to increase the depth of
refining of heavy oil fractions the following research issues can be raised: increase
of productivity of industrial processing of heavy oil fractions in large volumes;
simplification of technological process of cracking of heavy oil fractions, reduction of
power inputs while maintaining the quality of the final product.

To solve the set issues when applying the known methods of refining of heavy oil
fractions the feedstock is fed into the refining zone, the feedstock is subjected to a wave
impact in the frequency spectrum. Then the affected products are treated by thermal
cracking and final products are obtained from the phase in the form of steam. And the
novelty of the proposed approach lies in the fact that in the processing medium the wave
effect is performed within a wide frequency range from acoustic to radiation frequency,
and the thermal cracking of the affected products occurs in the mode of primary oil
refining.

In the primary oil refining mode thermal cracking occurs at atmospheric pressure
and maximum heating temperature of 360°C. Processing of heavy oil fractions at the
proposed frequency of a wide spectrum (in the range from acoustic frequency to radiation
frequency) has a simultaneous mechanical and chemical effect on the molecules of the
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processed raw materials, as a result of which their activity increases. As a consequence
of this the intermolecular bonds weaken considerably and the processed raw materials
are effectively prepared for further decomposition into lighter fractions. This results in
the conditions for a considerable simplification of the process of thermal cracking of the
feedstock, in particular the critical parameters of temperatures of boiling, evaporation,
decomposition of the feedstock, which activity increases because of the weakening
of intermolecular bonds. As a result of this the heavy oil fractions processed by the
wave effect at wide spectral frequencies can be decomposed into lighter fractions under
the standard conditions of the primary oil processing, in particular under atmospheric
pressure and a maximum temperature of oil heating of 360°C. Such mode of processing
considerably facilitates decomposition of heavy fractions into lighter ones, and the
depth of processing reaches the level of catalytic cracking.

In order to solve the indicated problems the unit for processing of heavy oil fractions
is proposed. The unit consists of: a device for processing of initial raw materials made
in the form of an operating tank; generator and emitter of oscillations; a device for
separation of the final product. The generator of vibration and its radiator are referred
to new devices among them, which devices are made in the form of a radiator and the
generator of acoustic oscillations electrically connected with the radiating antenna located
in the operating tank, and the generator of additional electromagnetic oscillations. The
device for obtaining end products consists of a cracking boiler of derivative products,
connected with a dephlegmator-distillator, and a container for collection of finished
products and cracking waste.

The generator of electromagnetic oscillations can be made in the form of a device for
obtaining electroshock fire. An electrocentrifugal pump installed on the vessel inlet pipe
is used as a generator of acoustic oscillations, and a pipe of feedstock into the container
is utilized as an appliance for distribution of acoustic oscillations.

Efficient conditions for physical and chemical changes of molecules of heavy oil-
containing fractions have been created along with the cavitation effect on the processing
raw materials by means of the device design recommended for processing of initial
raw materials in the unit, in particular by means of nodes impacting the processing
medium with a wide range of emitting, modulated frequencies. This can be explained as
follows. The electromagnetic waves emanating from the electromagnetic generator are
transmitted to the radiating antenna made as per the proposed design in the form of two
circuits in the operating tank, where the processed raw material is located. A region of
wide transmission frequency spectrum is formed in this radiating antenna. And due to
the difference in electrochemical potentials in the metal plates and their alternation with
each other their catalytic effect on formation of infrared waves is provided. Besides, the
dielectric body of the radiating antenna (due to the properties of the dielectric and the
piezoelectric effect) converts the electromagnetic waves of the infrared spectrum into a
spectrum of very high frequency waves.

The offered approach and deployment of the unit allow to deeply process heavy oil
fractions quickly and without extensive energy consumption. The unit implementing
the proposed technology consists of the following devices (Fig. 2, a): 1 device for
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processing of initial raw materials; it is connected by pipeline 2 with the device for
separation of final products 3 device for feedstock processing comprising of 4 vertical
operating vessels, 6 buffer tanks for processed oil-containing medium, inbuilt pipe
branch; 5. Electrical lighting used as a generator of acoustic oscillations 7. Electric
pump is used to pump the initial feedstock from the buffer tank 4 to the operating tank 6.
Here the walls of the operating tank 4, inbuilt gasket 5 and pipes are used as an acoustic
oscillation output device. In addition they include electroshock discharges located
within the operating tank zone 4 to the feedstock processing device, and a generator
of electromagnetic vibrations 8 made in the form of a radiating antenna 9 (Fig. 2, b)
(Orazbayeyv, et al. 2020: 1021-1036, Vyatkin, al et, 2017).

The radiator within the radiating antenna 9 consists of a ciliary body 10 consisting of
two circuits 11 and 12. Each circuit consists of plates 13 and 14 on which the horizontal
parallax is located. The plates can be made in any shape: round, square, etc. To increase
the contact of processed heavy oil fractions with the surface of the antenna plates the
perforation holes are made in the plates. The plates in the circuit (13,14) are made of
different metals with different electronegativities, for example, plates 11 of circuit 13
are made of nickel, and plates 12 of circuit 14 are made of brass. Such pairs may be
made of the following metals: zinc-lead, silicon-germanium and other. The circuit plates
13 of circuit 11 are arranged crosswise (by overlapping) between the circuit plates 12
of circuit 14. The body (9) of the radiating antenna (10) is made of a dielectric material
(e.g., ceramic) having piezoelectric properties. Circuits 11 and 12 are connected to the
electromagnetic oscillation generator (8).

Figure 2 - Structural layout of the unit for processing of heavy oil fractions (a),
electromagnetic oscillation generator and radiating antenna (b)

Pipeline of the pipe branch 15 for processed products production (2) is connected to
the final product separator 3. For this purpose an electromagnetic valve 16 and a shut-
off valve 17 are installed in the pipeline (2). The end product release device (3) includes
a dephlegmator-distiller 19 and a cracking boiler 18 connected to a cooling water tank
(refrigerator) 20. The lower part of the dephlegmator-distiller (19) is connected with a
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container of accumulation of light fractions of the processed product 21, 22, the lower
part of the boiler (19) is connected with the coking unit 23. To control the technological
process and ensure its safety the unit can be equipped with programmable control unit
(24).

The proposed method of processing heavy oil fractions is carried out as follows.
From the buffer tank (6) heavy oil fractions (e.g. fuel oil, waste engine oils, etc.) are
built into the operating tank (4) by the pump (7) through the inlet pipe branch (5).

Acoustic oscillations (cavitation) occurring during pump operation are transmitted
to the raw material from the wall of the pipe, pipe branch and the walls of the operating
tank. Whereas the source of electric discharge - generator of electromagnetic oscillations
(8) is switched on, an electric spark occurs at a frequency of about 300-400 Hz. Arising
electromagnetic oscillations are transferred to metal plates 13 and 14 of the circuits 11,
12 of the radiating antenna (9). The plates convert these oscillations into a frequency
spectrum within the infrared range, and the body of the radiating antenna (10) converts
the electromagnetic waves into a spectrum of very high frequencies. The electromagnetic
oscillations are modulated by the very high frequency spectrum resulting in a spring-
loaded acoustic wave front of an additional spring-loaded plastic wave front and a
dissipation (change) of compression energy takes place. This type of energy affects the
processed feedstock in the radiating antenna region (9). The hydroacoustic wave front
being generated by the acoustic oscillations generator, in turn, receives an additional
impulse as it passes through the antenna (9), which transmits oscillations of a wide
spectrum (from medium to radiation range) and whose frequency is a catalyst of the
effect. Thus, the raw material being processed is simultaneously subjected in the operating
vessel (4) to mechanical and chemical impact, which weakens the intermolecular bonds
of the raw material. The heavier the fraction, the stronger the intermolecular bonds are,
so the release of these bonds is considered to be important at this stage of feedstock
processing - to obtain an active intermediate product of processing for splitting the
heavy fractions into lighter fractions.

The feedstock activated by the frequency is sent to the final product unit (3) for
thermal cracking to decompose the feedstock into lighter fractions. For this purpose the
activated feedstock is pumped by the pump (16) from the operating tank (4) through the
open mechanism (17) into the cracking boiler (18), where the standard temperature and
pressure (temperature and atmospheric pressure up to 360°C) are supplied sufficiently
for primary oil processing. The raw material activated in the predetermined mode in
the cracking boiler breaks up into light fractions, the obtained fractions are collected
in the form of steam into the dephlegmator-distiller (19), where the steam is condensed
by means of a refrigerator (20). The condensed light fractions are collected in the
storage tanks 21 and 22. Part of the raw materials not evaporated as a result of thermal
processing is sent from boiler 18 to the coke unit to obtain commercial (construction,
road) bitumens.

Discussion. The results of studies and tests of the proposed and described technologies
showed that the depth of processing within the proposed technology is not less than that
of catalytic cracking technology, and energy costs are by 2 2,5 times less than those of

180



ISSN 2224-5278 6. 2022

that technology. Whereas the requirements to the thermal stability of the equipment are
reduced significantly. The technological process of refining is considerably simplified:
a catalyst and its regeneration are not required; generation of high temperatures and
pressures also does not require provision thereof. High quality of the final product is
ensured.

For thermal processing of heavy oil fractions, it is recommended to have a unit
for processing of Binder feedstock (containing an operating tank of initial feedstock)
and a unit for obtaining end products (consisting of a tank for separation of processed
feedstock, for cooling and condensation of end products, accumulation of end products
and of non-decomposed products of thermal cracking).

The particular feature of the proposed efficient method and the unit for thermal
processing of heavy oil fractions is:

before the thermal cracking the raw material is exposed to the wave impact within a
wide spectrum in the range from acoustic frequency to the radiation frequency in the pre-
processing zone, afterwards the wave impacted product in the standard mode of primary
oil processing is sent to thermal cracking at atmospheric pressure and temperature of
up to 360°C;

the feedstock processing device has a generator and an acoustic oscillation generator
connected with an additional operating tank, and a generator of electromagnetic
oscillations;

electromagnetic oscillation generator is made in form of two outlet circuits, each of
which consists of horizontal, parallel perforated metal plates, firmly glued to the body
wall, located in the ciliary body. The said circuits are made of metals characterized
by different electronegativity, whereas the plates of one circuit are placed between
the plates of the other circuit; the radiator body is made of dielectric material with
piezoelectric properties;

the device of end product release is made in the form of a cracking boiler with an
output connected to a dephlegmator-distillator with an output connected to capacities of
finished products and not decomposed products of cracking.

The advantages of the proposed method and technology of efficient refining of
heavy oil fractions include the possibility of increasing the depth of heavy oils refining
under the standard conditions of primary oil refining, i.e. under atmospheric pressure
and maximum temperature of oil heating equal to 360°C. Thus, it makes it possible to
significantly save energy.

Conclusion. The problems of increasing the depth of oil refining have been studied
and an efficient approach to their solution has been proposed on the basis of cavitation
technology. As a result of the conducted research the following main findings and
conclusions have been obtained:

the cluster scheme of development of the oil refining and petrochemical industries
of Kazakhstan has been studied and described. The principal layout for development of
the petrochemical industry cluster has been proposed;

methods and technologies for increasing the depth of oil refining have been studied
and described. The technology of developing schemes for refining processes of heavy
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oil fractions, in which schemes the feedstock and the catalyst will not be in contact, may
be noted as a promising one.

amethod to increase the depth of oil refining by deep processing of heavy oil fractions
on the basis of cavitation technology has been proposed and described. The layout of the
unit has been shown and described, which efficiently ensures deep processing of heavy
oil fractions on the basis of cavitation technology.

The proposed technology of deep refining of heavy oil fractions provides refining
depth not lower in comparison with technology of catalytic cracking, and energy
consumption is more than twice less. The received results of research have potential of
application in the field of increasing the depth of oil refining due to deep processing of
heavy oil fractions and residues.
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