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H. A. Mycmagpun', P. H. F'anuaxmemoé?®, A. K. Kypouxkun’, A. @. Axmemos', A. P. Xanoe'

'V pumcknii rocy 1apcTBeHHBIN HEPTAHON TEXHUYECKHUI YHUBEPCHUTET,

’BbamKHUpPCKUI TOCYIapCTBEHHBIA YHUBEPCHTET,

STVIT «MIITOP» , 1. Ya

iamustafin@gmail.com

TepMonecTpyKTHUBHAS NMePeroHKa ra3oiijig 1 Ma3yTa B IPUCYTCTBHH YJIbTPATUCIIEPCHBIX, METAJICOAEPKAITAX
KATAJTUTHYECKHX CHCTEM B ONMBITHO-MIPOMBINIIEHHBIX YCJI0BHAX

B pabome uccredosan npoyecc mepmooecmpykmueHoU pa3eouKu 8aKyyMHO20 230Ul C NOLYYeHUeM
VYILbMPAOUCHEPCHOU KAMATUMUYECKOU cucmemsl, cooepicauyeli Huxenw. [Ipusedenvl pesyrbmamoi nociedyrouyeti
nepepabomKu Mazyma ¢ NPUMEHeHueM IMOoU KAMmarumuyeckol CUCmeMbl Had ONbIMHOU YCMAHo8Ke. YcmanosneHo,
Umo 8 NPUCYMCMEUU 2-3MUIeKCanoama HUKes mepmooecmpykmueHas pa3eoHka 6axKyymHozo 2azouns 0o 405°C
noszeonsiem evloeaums 61,2% macc oucmunnismuvix gpaxyuil. [lpu ucnonvzoseanuu 6 npoyecce nepepadbomxu Mazyma
mepmuneckum o3oeiicmauem 10% macc ky608020 ocmamia, 06pasyouelicss npu pazeoHKe 6aKyyMHO20 2a301L,
obL10 nonyyeno 64,6% macc oucmuninama.

KiioueBble cj10Ba: BAKyyMHBIH Ta301ib, Ma3yT, HAHOKATAIH3aTOPHI, TEPMHUUECKAs AECTPYKIIHS,

YIBTPAJUCIICPCHBIC KATATUTUICCKUE CUCTEMBI, 2-3TUIITEKCAHOAT HUKEIIS.

DOI: 10.32935/0023-1169-2022-631-3-5-9

L. A. Mustafin', R. N. Galiakhmetov’, A. K. Kurochkin’, A. F. Akhmetov', A. R. Khanov'.

'Ufa State Petroleum Technological University,

?Bashkir State University,

3State Unitary Enterprise IPTER RB, Ufa

Thermodestructive Distillation of Gas Oil and Fuel Oil in The Presence of Ultrafine,

Metal-Containing Catalytic Systems in Pilot-Industrial Conditions

The results of studies of the process of thermodestructive distillation of vacuum gas oil with the production of an
ultrafine catalytic system containing nickel are presented. The results of the subsequent processing of fuel oil using
this catalytic system at a pilot plant are also presented. It has been established that in the presence of nickel
2-ethylhexanoate, the thermodestructive distillation of vacuum gas oil to 405°C allows the separation of 61.2% of the
mass of distillate fractions. When using in the process of processing fuel oil by thermal action of 10% of the mass of
the VAT residue formed during the distillation of vacuum gas o0il, 64.6% of the mass of the distillate was obtained.
Key words: vacuum gas oil, fuel oil, nanocatalysts, thermal degradation, ultrafine catalytic systems, nickel

2-ethylhexanoate.

M. M. Jlonomamosa’’, A. H. Beicmpoe’, P. H. Xaiipyounoe’, P. C. Mananoé’,
H. A. JKypaeneea®, P. 3. baxmusun’, H. I'. Ky3omun'

'V pumckuii rocyrapcTBEHHBIN HEYTAHON TEXHUYECKUH YHUBEPCUTET,

2AO «MucTuTyT HeTexummepepaboTkm», . Vda,

3OU3NKO-TEXHUYECKUH HHCTUTYT, BaliKUpCKuii rocy 1apcTBEHHBIN YHUBEPCHUTET,



4V puMCcKHil rOCyIapCTBEHHBIN aBUAMOHHBIN TEXHUYECKUH YHUBEPCHTET

milana.1992@mail.ru

O BO3MOKHOCTH OLIeHKHU XapPaAKTePUCTUK (PAKLMOHHOI0 COCTABA TSKeJIbIX HedTell

M0 CIeKTPaM ONTHYeCKOI0 NMOTJI0IeHUs!

Tloxazana 603mM02CHOCTND OYEeHKU GPAKYUOHHO2O COCMABA NO NAPAMEMPAM ONMUYECKUX CHEKMPO8 NO2A0WeHUs 05l
msCcenvIX Heghmetl u 2azoliiell Kamaiumuyeckoz2o Kpexunea. Obpabomro IKCHepUMEHMAanIbHbIX OAHHBIX N0 KPUBHIM
ucmunnovix memnepamyp kunenus (MTK) ¢ ucnoavsosanuem memoda onmumuzayuu Hviomona — Pagcona nonyuenvi
XapakmepucmuKy HOpMaibHO20 pacnpedesienus coCcmasa no memMnepamypam Kunesus. Y cmanosnenvl 3a8UcUMOCmu,
ceA3bl8alowUe CpeoHUue memMnepamypsl KUNeHUs u OUCnepCuu 3aKOHa HOPMAalbHO20 pacnpedenienus CoOCmasa.
THonyuennvie 3agucumocmu mozym 6vims UCHOIb308AHbL 01 NEPEUYHBIX OYEHOK (PPAKYUOHHO20 COCMABA CbIPLS U
ahgpexmusrnocmu pabomol ppaxyuonupyiowux xoioun HII3.

KuaroueBsble ciioBa: ppakMOHHBIN COCTAB, TEMIIEpATypa KUIIEHHUS, XapaKTEPUCTHKH HOPMAIBHOTO pacipeeleHus
COCTaBa, YIJIeBOJOPOAHbIE (PpaKIIui, ONTHYECKUE TapaMeTPhl CIIEKTpa.

DOI: 10.32935/0023-1169-2022-631-3-10-13

M. M. Dolomatova'?, A. I. Bystrov?, R. I. Khairudinov’, R. S. Manapov', N. A. Zhuravleva’,

R. Z. Bakhtizin’, I. G. Kuzmin'.

!Ufa State Petroleum Technological University,

2 Bashkir Scientific Research Institute of Petroleum Refining,

3 Institute of Physics and Technology of Bashkir State University,

4Ufa State Aviation Technical University

The Possibility of Estimating the Characteristics for the Fractional Composition

of Heavy Oils by Optical Absorption Spectra

The possibility of estimating the fractional composition by the parameters of optical absorption spectra is shown for
heavy oils and gas oils of catalytic cracking. The characteristics of the normal distribution of the composition by
boiling points were obtained by processing experimental data on the ITK curves using the Newton — Raphson
optimization method. The dependences linking the average boiling point u and the dispersion of the normal
distribution law for the composition are established. The obtained dependences can be used for primary estimates of
the fractional composition for raw materials and the efficiency of the fractionating columns on the refinery.

Key words: fractional composition, boiling point, the normal distribution characteristics of the composition,

hydrocarbon fractions, optical parameters of the spectrum.

P. P. Anaes, U. P. @acxymounos, JI. A. Hacvipoea, P. P. @acxymounos, P. I1I. Anaes, O. 0. benoycosa

Y bumckuit Tocy 1apcTBEHHBIN HEPTIHOM TEXHUYECKUI YHUBEPCUTET

seriyjah@gmail.com

I[Ipou3BoaCcTBO OHOTOMJIMBA — MEPCNEKTHBHOE HANMPABJIEHHE COKPALIIEHH YIJIEPOIHOIO CJIeAa MPH Mepexoae K
«3eJIEHOI» IHepreTuKe

B cmamue onucanwvl mepol 2ocyoapcmeennozo pe2ynuposanus cmpan Eeponetickozo cor3a no ¢popmuposarnuro

CMumyioe 0151 CHUDICEHUSL yznepodﬂoeo cneoa. Uznoocenvt ceedenus 006 albmepHamueHnblx suoax IHEpcUU U MONniue,



O0aw ananu3 QHexmusHOCmMU AbIMEePHAMUBHOU IHEP2eMUKU U NPobieM, KOmopble B03HUKAIOM 8 Npoyecce
nepexooa na «3eienyio» snepeemuxy. Onucana sHepeoIPPeKmusHas mexHoI02Us nPouU300Ccma buomemana
U3 OP2AHOCOOEPIAHCAUUX OMX0008.

KioueBble cj10Ba: albTepHATUBHAS DHEPTeTHKA, TAPHUKOBBIE Ta3bl, OMOTOILIMBO, YIIIEPOIHBIH CIIe],
MPOU3BOJICTBO BOJOPO/IA, TBEP/IbIE KOMMYHAIBHBIE OTXO/IbI, TEXHOJIOTHU 3aMKHYTOTO [IUKJIA.

DOI: 10.32935/0023-1169-2022-631-3-14-17

R. R. Yapaev, I. R. Faskhutdinov, L. A. Nasyrova, R. R. Faskhutdinov, R. Sh. Iapaev, O.Y u. Belousova

Ufa State Petroleum Technological University

Biofuel Production Is a Promising Direction for Reducing the Carbon Footprint

during the Transition to "Green'" Energy

The article presents the measures of state regulation of the European Union countries on to create incentives to
reduce the carbon footprint. Information about alternative types of energy and fuels is presented, an analysis of the
effectiveness of alternative energy and problems that arise in the process of transition to "green" energy is given. An
energy-efficient technology for the production of biomethane from organic waste is described.

Key words: alternative energy, greenhouse gases, biofuels, carbon footprint, hydrogen production,

solid municipal waste, closed-cycle technologies.

U. P. Paxmamynnun, /1. M. Cuoenes, A. @. Axmemos, A. P. I'aticuna

Y bumckuit Tocy 1apCcTBEHHBIN HEPTIHOM TEXHUYECKUH YHHBEPCUTET

rir_tng@mail.ru

Pa3paboTka MeToaa NPOrHo3a kKa4ecTBa He)TAHOTO KOKCA

Breopenue 6 xumuueckyio npomwviuieHHOCb ANOPUMMO8, 0DECNEeUUBAIOWUX BLIPAOOMKY NPOOYKYUU HYHCHOO
Kayecmea npakmudecku 6e3 y4acmus 00Cayicusaroueo nepcoHand, A8Aemcs HeOmveMiIeMol Yacmvio
co8pemeHHo20 Hehmenepepabamuléarowe2o 3a600d. OHU XOPOuLo 3apeKoOMeHO008aU ceDsl HA MEXHON02ULEeCKUX
YCMAHOBKAX C Henpepbl8HbIM 08udceHuem nomokos. OOHaxko ocobeHHocmu pabomol YCMaHOB0K 3aMeONEHHO20
KOKCOB8AHUS CO30al0om onpeodeieHHble NPooaeMbl N0 CO30aHUI0 pabouux adekeamuvlx mooenel. B pabome
NpeonpuHsma NONbIMKA pa3padomams Memoo NpoSHO3a Ka4ecmed HeqhmaH020 KOKCA HA OCHOBe CIMAMUCMUYECKUX
OaHHbIX pabomvl YcmaHosKu. B kauecmee 6azvl HayuHbIX UCCAEA08AHUL OBILIA BLLOPAHA NPOMBIULEHHASL YCHAHOBKA
3aMe0eHHO20 KOKCO8anus. B kauecmee maccusa oanuvix paspabamuleaemoti Mooenu omooparvl mexHorocuuecKue
nokaszamenu yCMaHO8KU U KayeCmeeHHble NOKA3ameu Cblpbsl.

KiroueBble cj10Ba: KOKCOBas KaMepa, yCTaHOBKA 3aMeJIJICHHOTO KOKCOBaHUS,

MPOTHO3 KayecTBa MPOAYKLIUH, MAaTEMaTHICCKOE MOJICIIHPOBAHHE.

DOI: 10.32935/0023-1169-2022-631-3-18-21

L. R. Rakhmatullin, D. M. Sidenev, A. F. Akhmetov, A. R. Gaysina.
Ufa State Petroleum Technological University

Development of a Method for Forecasting the Quality of Petroleum Coke



The introduction of algorithms into the chemical industry that ensure the production of products of the desired quality
practically without the participation of maintenance personnel is an integral part of a modern oil refinery. They have
proven themselves well in technological installations with continuous flow movement. But the peculiarities of the
operation of delayed coking plants create certain problems in creating adequate working models. This article attempts
to develop a method for predicting the quality of petroleum coke based on the statistical data of the installation. An
industrial delayed coking plant was chosen as the base of scientific research. Technological parameters of the
installation and quality indicators of raw materials were selected as an array of data of the developed model.

Key words: coke chamber, delayed coking unit, product quality forecast, mathematical modeling.

/. M. Cuoenes, C. A. Cagenves, A. P. Banuesa, A. P. Iaiicuna, P. I'. Xacanos

VY dumckunii rocy 1apcTBEHHBIH HEPTAHON TEXHUIECKUH YHUBEPCUTET

dmitrysidenev(@gmail.com

oBbimenne 3¢ GpeKTHBHOCTH TEMJI000MEHHOI CeTH YCTAHOBKH 3aMeIJIEHHOT0 KOKCOBAHHSA

Tennoeas unmezpayusi MeXHOIOSULECKUX NPOYECCO8 HepmenepepadbomKu Aenaemcs Hauboaee 3P PeKmusHbiM
UHCIPYMEHMOM NPU NPOEKMUPOBAHUU U PEKOHCMPYKYUU CYWECMBYIOWUX NPOMBIUIEHHBIX 00BEKMO8.

Ocobenno 6adicHo payuoHanbHoe UCHONbL308AHUE MENIA BHYMPEHHUX NOMOKO8 01 IHEPLOCMKUX NPOYECCO8
nepepabomky madxHCeIblx HepmAHbIX OCIMAMKO8, MAKUX, KaK 3aMedleHHoe KoKcosanue. B dannoii pabome nocmpoena
MoOdenb cyuecmsyrouell meni00OMeHHOU cemu npoyecca NOLyYeHUs KOKcd, 0Jisi KOmopol Dbl NPO8eOeH NUHY-AHATU3
u onpeoeien NOmMeHyual dnepeocoepesicerus. B xooe ananuza makdice ObLIU 8bIAGNEHbL HAPYUEHUS OCHOBHBIX NUHY-
npasun, OonyweHHsvle npu NPOeKMUPOSaHuY Cyuwecmayiouell cxemul, U RPeonoNceH

6apuanm nosvlueHUs ee SHep203hpekmusHocmuy, OCHOBAHHbIL HA nepeobes3Ke delicmsyioueco 000pPy008aHUs.

Oe3 goeeueHuss 00NOIHUMENbHOU NOBEPXHOCU MeNI000MeHdA.

KioueBble ci10Ba: 3aMeUIEHHOE KOKCOBAaHUE, TEIIIO0OOMEH, TMHY-aHAJIN3, CETOYHAs TUarpaMma, TeII0eMKOCTb.

DOI: 10.32935/0023-1169-2022-631-3-22-26

D. M. Sidenev, S. A. Savelyev, A. R. Valieva, A. R. Gaysina, R. G. Khasanov.

Ufa State Petroleum Technological University

Improving the Efficiency of the Heat Exchange Network

of the Delayed Coking Plant

Thermal integration of technological processes of oil refining is the most effective tool in the design and
reconstruction of existing industrial facilities. The rational use of the heat of internal flows is especially important for
energy-intensive processes of processing heavy oil residues, such as delayed coking. In this article, a model of the
existing heat exchange network of the coke production process was constructed, for which a pinch analysis was
carried out and the energy saving potential was determined. The analysis also revealed violations of the basic pinch
rules made during the design of the existing circuit and proposed an option to increase its energy efficiency based on
the re-linking of existing equipment without involving an additional heat exchange surface.

Key words: delayed coking, heat exchange, pinch analysis, grid diagram, heat capacity.
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Hcnonn3oBaHue MOOOYHBIX 0€H3MHOBBIX (paKiuii, BLIPA0ATHIBAEMBIX NPH COBMEIIEHUH TOTLINBHOTO

1 He(pTeXNMHUYECKOT0 MPOU3BOJICTB

B cmamve paccmompenwr sapuanmul nepepabomku paghunama, ebipabamuviéaemo2o Ha YCMaHO8Ke IKCTMPaKyuu
ben3oacooepaicauux Gpaxyuil, NpoOyKmo8 Kamaiumuieckoeo pugopmunea. B npomviulieHHoCmuy pacnpocmpanet
Memoo apomamuzayuu 6eH3UHO8 nymem Kamaiumuieckozo pugopmunea. B ciyuae yenegozo HanpasieHus
UCNONBb306AHUS NOTYYEHHBIX APOMAMUYECKUX Y21e8000P0008 KAK HehMEeXumMuieckoeo colpbs, 0Jis 6bl0eneHUs OeH301a
benzoncoodepacauas 4acmos pughopmama npoxoounm mexHoI02U4ecKyro Cmaouio IKCMpaxKyuu, 8 xooe KOmopou
0bpaszyemcsi NOOOUHBIL NPOOYKM, pADUHAM KAMATUMU4ecko2o pugopmunea.B pabome npedcmagnenwvt pesyromanmoi
MOOenUPOBanUs U PACYEINO8 COBMEWEeHHOU PAbombl KAMATUMUYECKO20 PUGOPMUHSA C HENPePbIEHOU pecenepayuet
Kamanuzamopa u yCmaHo8Kuy U30Mepu3ayul, a makice npediodiceHa ONMUMAalbHas cxema nepepabomru paghunama,
N0360NAI0WAS YEENUUUMb 8bIX00 TMOBAPHBIX NPOOYKMOE.

KioueBble ciioBa: padpuHat, THAPOTEHU3AT, SHEPro3()PEeKTHBHOCTD,

MPOM3BOJICTBO APOMATUIECKUX YTIIEBOJIOPOIOB, H30MEPU3AIIHS, KAaTATUTUICCKUH pUPOPMUHT.
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Use of Side Gasoline Fractions Produced in the Combination

of Fuel and Petrochemical Production

The article considers options for processing raffinate produced at the reformate extraction unit of the complex for the
production of aromatic hydrocarbons. In industry, the method of aromatization of gasolines by catalytic reforming is
widespread. In the case of the targeted use of the obtained aromatic hydrocarbons as a petrochemical feedstock, to
isolate arenes, the reformate passes the technological extraction stage, during which a by-product, the catalytic
reforming raffinate, is formed. The article presents the results of modeling section unit of production of aromatic
hydrocarbons and the stabilization unit of the isomerization unit, as well as the optimal raffinate processing scheme,
which allows increasing the yield of commercial isomerizate, respectively.

Key words: raffinate, hydrogenate, energy efficiency, production of aromatic hydrocarbons,

rectification process, catalytic reforming unit.
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[Hoabop adcopOeHTa M TEXHOJIOTHYECKHUX NAPAMETPOB MPOLECCa OYUCTKHM IPUPOIHOI0 ra3a ¢ paBHbIM
COOTHOIIIEHHEM KHCJIBIX KOMIIOHEHTOB

Tpupoonwiii 2az 6016UUHCMBA MECHOPONCOCHULL COOEPICUTI 8 CBOEM COCHABE HENHCELAMENbHbLE KUCble NPUMeCU

(cepos000opo0 u yenekucavlil 2asz). Yoanenue OaHHbIX npumeceli mpaouyuoHHO OCYWECMEIemcs HOCPeOCmeom



abCcopOYUOHHOU OHUCTKU C NPUMEHEHUEM PA3TUYHBIX NO2I0mumenetl, Yauje 6ce2o alkaHoramunos. OCHOBHbIM
gaxmopom, erusrowum Ha 8b100p abcopbeHma, A6aAemMcsi KOMIOHEHMHbII COCA8 NPUPOOHO20 2a3d (codepiicanue
KUCTILIX KOMIOHEHMO8 U UX cOomHoulenue). B pabome npedcmasiensl pe3yibmamsl MOOeIUpo8aHus O10Ka OUUCHKU
npUpoOHO20 2a3a ¢ yeivio hodbopa abcopbenma u ONMUMAILHLIX MEXHOIO2UYECKUX Napamempos npoyeccd.
Hccneoosan npoyecc ouucmku npupooHo20 2a3a ¢ pagHbLM COOMHOUEHUEM KUCTbIX KOMIOHEHMO8 PA3IUYHbIMU
abcopbenmamu (MOHOIMAHONAMUH, OUIMAHONAMUH, MEMULOUIMAHOIAMUH U OUDIIMAHONAMUH +
Memunousmanonamur). Ha ocnoeanuu nonyuennvix pesyiomamos npedcmasieHvl mexHoI02uieckue napamempul
npoyecca ¢ npumenenuem d¢pgexmuenozo abcopboenma. Mccnedosano énusamue 0CHOBHbIX MEXHON0ULECKUX
napamempos Ha nompeobienue 3Hep2opecypcos 6 npoyecce pezeHepayuu N000opanHo2o abcopbenma.

KioueBble ci10oBa: IpupoaHbIi ra3, abcopOIys, aMUHOBAasE OYMCTKA, JECOPOLNS, KUCIIbIE KOMIIOHEHTHI,
CEepoBOAOPO/I,

JTHOKCH]T YTIIEpO1a, MOHOITAaHOJIAMHH, IUATAaHOJIAMUH, METHIIINATAHOJIaMIUH, KOMOMHUPOBAaHHEIN aOCOPOCHT.
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Selection of the Absorbent and Technological Parameters of the Natural Gas Purification Process

with Equal Ratio of Acid Components

Natural gas from most fields contains undesirable acid impurities (hydrogen sulfide and carbon dioxide). The removal
of these impurities is traditionally carried out by absorption purification using various absorbents, most often
alkanolamines. The main factor influencing the choice of absorbent is the component composition of natural gas (the
content of acidic components and their ratio). The paper presents the results of modeling a natural gas purification
unit in order to select an absorbent and optimal technological parameters of the process. Studies of the purification
process of natural gas with an equal ratio of acidic components with monoethanolamine, diethanolamine,
methyldiethanolamine and diethanolamine + methyldiethanolamine absorbents were carried out. Based on the results
obtained, the technological parameters of the process using an effective absorbent are presented. The results of the
analysis of the influence of the main technological parameters on the consumption of energy resources

in the process of regeneration of the selected absorbent are also given.

Key words: natural gas, absorption, amine purification, desorption, acid components, hydrogen sulfide, carbon

dioxide, monoethanolamine, diethanolamine, methyldiethanolamine, combined absorbent.
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Onrumusanust padoThl TEMJIO0OMEHHOT0 000PYI0BAHUS HA y3JIe CBEPXKPUTHYECKOH pereHepauuu
pacTBOpHTEJIsl YCTAHOBKH JeacalbTU3allU I'yIPOHOB

B cmamve npusedeno onucanue u npakmuueckoe npumeHerHue 00H020 U3 cnoco608 ONMUMU3AYUL
9HepeonompedIeHUs. HA NPOMBIULICHHBIX YCIMAHOBKAX — NUHY-AHAU3A. [laHHblil Memoo no3gousem 3@gdhexmusHo

pacnpeéeﬂﬂmb U UCnojb3oeambv IHepeemudecCKue noOmoKu Ha MexXHoa02UYeCKUX yCmaHo6Kax. PaCCMOmpeH NnUuHY-



AHANU3 PEKYNepamueHbIX Menio0OMeHHUKO8 Ha ycmaHogke deacarvmusayuu 2yoporos. ConvbeeHmuas
Odeacghanomusayus A61eMcsi OOHUM U3 CAMbIX IHEPLO3AMPAMHBIX NPOYECcos Hedhmenepepabomxu u, 8 OCHOBHOM,
9HEP20EeMKOCMb npoyecca onpeodeisem KOHeUHY0 ceDecmoumocms 0eacaromusamd, KOMopblil A6s1emcs iubo
CbipbeM YCMAHOB0K KaMAIUmuiecko20 Kpekunea u cUOPOKpeKuHed, 1bo KOMNOHEHMOM MACIAHO20 NPOU3800CMEA.
Ilosmomy 00HUM U3 UCMOYHUKOG NOBbIULEHUS DHEP2OIPPeKmUEHOCMU OAHHBIX YCMAHOBOK AGNAEMCA ONMUMUZAYUS
pabomul menyioooOMeHH020 060PYO08aAHU NPU NOMOWU NUHY-AHATU3A.

KioueBble ci10Ba: MUHY-aHATN3, AeachalbTH3anus, SHeprodpPpekTHBHOCTD, TEIIIO0OOMEHHUK, KaluTalbHbIE
3aTpaThl.
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Optimization of Operation of Heat Exchange Equipment at the Unit of Super Critical Regeneration

of Solvent of the Unit of Deasphaltization of Hudrons

This article provides a description and practical application of one of the ways to optimize energy consumption in
industrial plants — pinch analysis. This method makes it possible to efficiently distribute and use energy flows in
technological installations. In particular, the article discusses a pinch analysis of recuperative heat exchangers at a
tar deasphalting unit. Solvent deasphalting is one of the most energy-consuming oil refining processes and mainly the
energy intensity of the process determines the final cost of deasphalting, which is either a feedstock for catalytic
cracking and hydrocracking units, or a component of oil production. Therefore, one of the sources for increasing the
energy efficiency of these installations is the optimization of the operation of heat exchange equipment using pinch
analysis.

Key words: pinch analysis, deasphalting, energy efficiency, temperature, heat exchanger, capital costs.
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MarteMaTH4YecKoe MOJeIMPOBAHUE PeaKTOPa Mpolecca TePMoJIu3a

TAKEIbIX HETAHBIX 0CTATKOB

Ha ocnosanuu npogedennvix 1a60pamopHvix Uccie0o8anuii U Mamemamuyeckou 0opabomxu 9KCHepUMeHMAIbHbIX
O0aHHBIX 8 pabome npPedcmagieHo MAMeMamuieckoe OnUCanue NPOMbIULIEHHO20 PeaKkmopa npoyecca mepmoau3a
msadicenvix Hepmanvix ocmamkos. Ha npumepe npoyecca mepmonusa 2yOpona KOHKpemHOU Hegh)mu noKasan ebloop
ONMUMANLHO20 8APUAHMA ANNAPATYPHO20 0QOPMIEHUS. NPOYECCa MEPMONU3A MANHCENbIX HEPMAHBIX OCMAMKOS8 NPU
npoexmupoganuy. Mamemamuueckas MoOenb MOICHO UCHOTL308AMNb NPU 6EOCHUU NPOYECCA HA NPOMBIUIEHHOM
peaxkmope 0/ NOJyHeHUs 3a0AHH020 Kauecmea Hepmanoll cnexkaroweli 000asku. IKOHOMUYECKUL pacuem noKa3an

B03MOJICHOCb YEENUUEHUSL MAPICUHATLHOU NPUOBLIU NPEONPUSINUSL.



KiroueBble ¢j10Ba: MaTeMaTHYECKOE MOJICITUPOBAHNE, TSPMOJIN3, He(pTsIHAS CrieKaromas Jo0aBKa,
aBTOKaTAINTHYECKas peakilusl, KOKCOTEHHBIE BEUIECTBa, PEaKTOP UAeaTbHOTO CMEIIeHHUS,
peaxkTop WAeaTbHOTO BHITECHEHUS, PEAKTOP IEPHOTNIECKOTO JeHCTBHS.
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Mathematical Simulation of the Reactor of the Process

of Thermolysis of Heavy Qil Residues

Based on mathematical processing of experimental data, this paper provides a mathematical description of the
industrial reactor of the process of thermalize of heavy oil residues. This paper provides a mathematical description
(model) of the industrial reactor of the process of thermalize of heavy oil residues. The proposed mathematical
description allows you to calculate different types of reactors. The example of the thrombolysis process of a particular
0il buzzer shows the choice of the optimal version of the hardware design of the process of thrombolysis of heavy oil
residues during the design. The mathematical model can be used in the process at an industrial reactor to obtain a
specified quality of oil-baking additives. The economic calculation showed the possibility of increasing the company's
margin profit.

Key words: mathematical modeling, thermalizes, oil-baking additive, autocatalytic reaction, coking substances,

ideal mixing reactor, ideal displacement reactor, periodic reactor.
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Karagurnyeckunii KpeKHHI Ma3yTa Ha LEOJIUTCoAep:KanleM eppaTHOM KaTaau3aTope

Paspaboman kamanuzamop na ocroge yeoauma, MOOUGUYUPOBAHHBLI AKMUBHOU KAMAIUMUYECKOU 000a8KO
Xnopgheppama, a6as0uelics C1abOKUCTbIM pe2yasimopom akmugnocmu npoyecca. Kamanuzamop nposensiem
8bICOKYI0 AKMUBHOCMb 8 Npoyecce Kamaiumuiecko2o KpeKuHaa npAMocoHHO20 MA3yma ¢ 06pa308aHuem 1eeKux
2a3000pa3ubIxX Y21e8000P0008 U UWUPOKO20 CHEKMPA HCUOKUX USOMEPHBIX U APOMAMUYECKUX Y2l1e8000P0008.
Ocywecmenerue npoyecca conpo8o*cOaemcs HUKUM Kokcoobpazosanuem. [lpumenenue uzyuenHozo
Kamanuzamopa 8 OMHOCUMENIbHO MASKUX MeMNePamypHbIX YCL08UAX NO360Jisem NO8bICUMb NPOYEHM
u38ne4eHUs C8emIbIX HepmenpooyKmos.

KioueBble c10Ba: KaTaIUTUUECKUI KPEKUHT, LIEOJIUTHI, Ma3yT, TSDKENbIe HEQTIHbIE IPOAYKTHI, CBETIIbIE (hpaKiuy,
KOMIUIEKCHI Ha OCHOBE XJIOPHIOB METAJIOB, XJIOp(heppaTHBIN KOMILIEKC, KOKCOOOpa3oBaHHE.
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Catalytic Cracking of Fuel Oil on a Zeolite-Containing Ferrate Catalyst

A zeolite-based catalyst modified with an active catalytic additive of chloroferrate, which is a weakly acidic regulator
of the process activity, has been developed. The catalyst exhibits high activity in the process of catalytic cracking of
fuel oil with the formation of light gaseous hydrocarbons and a wide range of liquid isomeric and aromatic
hydrocarbons. The implementation of the process is accompanied by low coke formation. The use of the studied
catalyst under relatively mild temperature conditions certainly allows us to speak about the possibilities for
increasing the percentage of light oil products extraction.

Key words: catalytic cracking, zeolites, fuel oil, heavy oil products, light fractions,

complexes based on metal chlorides, chloroferrate complex, coke formation.
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Kpucraniuzanus ucnoJib3yemMoro B aicopoeHTax /UIsl OCYLIKH U OYMCTKH OT CepPOBOAOPOAAa NPUPOIHOIO U
MOMYTHOI0 ra3a 1HeoJuTa X U3 Ka0JIMHOB Pa3JIMYHbIX MeCTOPOKIeHU I

IIposedeno demanvhoe ucciedo8anue XapaKmepucmux blnycKaemvix 6 Hacmosiyee epems ¢ Poccuu

6 NPOMBIUACHHBIX MACUMAOAX KAoIuHo8. M3y1uena 603MONICHOCb KPUCMALIUIAYUY U3 HUX yeoauma X,
UCTIOIL3YEMO20 8 A0COpOeHmax 07 OCYWKU U OYUCTHKU O CEPOB0O0POOA NPUPOOHO20 U NONYMHO20 2a3d.
Yemanoeneno, umo monwvko uz xaonunog mapox I11-2 u K2KB 6o3moorcna kpucmanauzayus yeoauma X 8blcOKou
cmeneHu KpUucmaiiuiHoCmu u ¢pazosou yucmomul. Ilpeonosicena memoouxa, no3eoaouas onpeoeiums
PeaKyuoHHyl0 CnHoOCOOHOCIb KAOIUHA U 603MOICHOCIb CUHME3A U3 He20 yeouma X, OCHO8AHHAS HA YACMUYHOM
PAcmeoperHuy MemaKaoiuna 6 WeiouHoM Pacmeope.

KumroueBble ciioBa: ancopOIus, eoauT X, KaoJuH, METaKAOJIUH, KPUCTAILTHU3AIIHS.
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Crystallization of Zeolite X Used in Adsorbents for Drying and Purification

from H,S from Natural and Associated Gas from Kaolins of Various Deposits

A detailed study of the characteristics of kaolins currently produced in Russia on an industrial scale has been carried
out. The possibility of crystallization of zeolite X from them, which is used in adsorbents for drying and purification of
natural and associated gas from H2S, was studied. It has been established that only from kaolins of grades P-2 and
KZhV crystallization of zeolite X with a high degree of crystallinity and phase purity is possible. A method has been
proposed to determine the reactivity of kaolin and the possibility of synthesizing zeolite X from it, based on the partial
dissolution of metakaolin in an alkaline solution.

Key words: adsorption, zeolite X, kaolin, metakaolin, crystallization.
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HccneqoBanne Hacag09HbIX KaMJIeoTOOHHBIX ycTpoiicTB MeTogoM CFD-anammza

B cmamve npeocmasnenvt pesynomamuvr CFD-ananusa nacadounozo kanneomoéouinuxa. Ilonyuen ouanazon pabomoi
NPOMUBOMOYHBIX (2OPU3OHMANLHBIX) U NEPEKPECMHOMOYHBIX (6ePTNUKANLHBIX) OOHOCMYNEHYAMbIX HACAOOYHBIX
Kanneomboiinukos. Iloxkazano, umo ouanazox pabomvl nepekpecmHoOmMoyYH020 OOHOCIMYNEHYAMOo20 KAnileomoOouHUKA
6 08a paza bonvue, Yem NPOMUBOMOYHO20 KanjieomoOOUHUKA, YMOo MOHCEM 00bACHAMbCA AGNEHUAMU BMOPULHOSO
kanneynoca. Onpedenenvi pacuemmuule UOPAGIULECKUe CONPOMUBLEHUS HACAOOYHBIX KANIeOMOOUHUKOB.
KuroueBrble ci10Ba: KamieoTOOWHUK, KaIUIEyHOC, HACAIOYHBIN KarieOTOOWHUK,

cernapaTop, ycTpoicTBO BBoJa cbipbsa, CFD-ananus.
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Research of Packed Demisters by CFD-Analysis

The article presents the results of the CFD-analysis of the packed demister. The range of operation of counter-current
(horizontal) and cross-current (vertical) single-stage packed demisters is obtained. It is shown that the range of
operation of a cross-flow single-stage packed demister is 1.91 times greater than that of a horizontal packed demister,
which can be explained by the phenomena of secondary drop entrainment. In addition, calculated hydraulic
resistances of the packed demisters are determined.

Key words: CFD-analysis, demister, drop entrainment, packed demister, raw material input device, separator.
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