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C. C. Bepuwunun, M. C. Amamanos, /1. A. Jlesawos, H. B. Kazaes, I. M. Cuoopoe

VY dumMmcknii rocy 1apcTBEHHBIH HEPTAHOW TEXHUYECKUH YHUBEPCUTET

subhankulov2000@mail.ru

Bausiaue oco0eHHOCTeH KMHETUKH U TEPMOIUHAMUKH CHHTE3a HA BBIXOJ]

U OTAMOP(U3M YIIePOTHBIX MATEPHAJIOB

Coenacro meopuu cucmem ¢ Xa0CoOM XUMUUECKO20 COCINABA KAYECMBEHHbIN COCMAE — MHOMCECMBO AJNIOMPONHBIX
MoOupukrayuil meepovix yeiepoOHbIX NPOOYKMOE 8blCOKOMEMNEPAMYPHO20 CUHMe3a (2papennl, yerepoonble
HaHompyoKu, amop@Hulil hopmbl yenepooa ¢ pasiuyHoOl CMenerblo aHU30mponuu) — 00y ciosnen
CAMOB0CNPOU3BOOUMOCTBIO U POCOM CHEYUDUUECKOU IHMPORUU PAZHOOOPA3USL KOMIOHEHMO8 8 OAHHbIX
npoyeccax. Konuuecmeo yenepooHuvix ¢popm, 06pazo8anHuix 6 MexXHOI02UUEeCKUX NPOYECCax mepmoausd, npexcoe
6ce20 00ycno8neHa cpedHell IHepauell MeXCMOAEKYIAPHO20 83AUMOOCICEUS U PeONo2uell CblPbs 8 8A3KOMEKyYeM
cocmosHuu. B pabome 6via61eHbl 3aKOHOMEPHOCMUL, CBA3bIEAIOWUE IHEPLUIO AKMUBAYUU BAZKO20 MEUEHUs C
KOKCYeMOCMbI0 MHOZOKOMHOHEHMHBIX Y21e8000POOHbIX CUCEM PA3IUYHOU NPUPOObL, KOMOpble NO360JAI0M
NPOCHO3UPOBAMb 8bIXO0 Y2lepo0d 8 MEXHOI0SUYECKUX NPOYECCaX.

KioueBble cioBa: epagen, arnompontvie Moougurayuu yenepooda, SHMponus paznooopasuu KOMROHEHmMOs,

SHepcUst MEeNHCMONEKYIAPHO2O 63(,1”/%0@61207’1/[6“}1, MHOCOKOMNOHEHNMHblIE CUCMEMbBL C XUMUYECKUM XAOCOM.

M. Yu. Dolomatov, V. R. Subkhankulov, M. M. Dolomatova, R. V. Garipov S. S. Vershinin,

M. S. Atamanov, D. A. Levashov,, I. V. Kazaev, G. M. Sidorov

Ufa State Petroleum Technological University

Influence of the Kinetics and Thermodynamics in Synthesis on the Yield and Polymorphism

for Carbon Materials

According to the theory of systems with chaos of chemical composition the qualitative composition — a variety of
allotropic modifications of solid carbon products of high-temperature synthesis (graphenes, carbon nanotubes,
amorphous forms of carbon with varying degrees of anisotropy) — is due to self-replication and growth of the specific
entropy of diversity of components in these processes. The number of carbon forms formed in technological processes
of thermolysis is primarily determined by the average energy of intermolecular interaction and rheology of raw
materials in a viscous state. The work reveals patterns that link the activation energy of viscous flow to the coking of
various multicomponent hydrocarbon systems, which make it possible to predict the yield of carbon in technological
processes.

Key words: graphene, allotropic modifications of carbon, entropy of component diversity,

energy of intermolecular interaction, multicomponent systems with chemical chaos.

M. 10. lonomamos, B. P. Cyoxankynos, O. JI. Peiorcuxos, M. M. /lonomamosa,
C. C. Bepuwunun, O. A. benomenos, U. B. Kazaes, K. I. A6dynvmunes

VY dumckunii rocynapcTBeHHBIH HEPTAHONW TEXHUYECKUH YHUBEPCHUTET, T. Y da
subhankulov2000@mail.ru

IInazmoxumMu4YecKuii CHHTe3 rpaeHa U3 MaJIoyrjiepoaHOro HeTAHOro ChIPbSA



Paccmompen eapuanm cunmesa epagenosoti caxcu Memooom RAAZMOXUMULECKO20 UMRYIbCHO20 (DReti-Rupoau3d ¢
UCHOIb30BAHUEM 68 KAUECHEE CbIPbsL MALOY2AEPOOHBIX NPOOYKMO8 Heghmenepepabomku u Hepmexumuu: 2azonel
KOKCOBAHUSL, NPOOYKMO8 KAMAIUMUYECKO20 KPEKUHEA, MANCENbIX U JIeKUX CMOI RUpoau3a u op. B npednazaemom
sapuanme MexHOI02UU MATOY2NEPOOHOE ChIPbE NPEOSAPUMENLHO NOOBEP2ACMCs EPMONU3Y 8 PeaKmope
nepuooutecko2o delicmesus, 20¢e 6 sblcokomemnepamypHuix npoyeccax npu 400-600°C obozawaemces yenepooom.
B oanvuetiwenm masicenvie npooykmsl mepmonuza HanpasisOmes Ha YCmMaHo8Ky HAA3MOXUMULECKO20 NUPOIU3ZA C
yeavio nonyuenus epapenosoll caxcu. Ilpednosscennas mexnoro2us NO380IUM PACUUPUING CHEKMP CbIPbS,
He0OX00UM020 01151 NOAYYeHUs: 2paghenosoll casxcu u epaghena. Texnonoeuss anpooOUPOBAHA 8 MHOLOYUCTEHHBIX
IKCHEPUMEHMAX, KAYecmao NPoo0yKmo8 NOOMEEPICOeHO CNEKMPOCKONUYeCKUMU U AHATUMUYECKUMU MEMOOAMU.
KuaroueBsble ciioBa: epagen, epapenosas caxca, manoyeiepooHoe coipbe, mepmoaus,

NAA3ZMOXUMUYECKUL CUHmMe3, CNEKMpPOCKoONUs KOM6MHCZI/;I/IOHH020 pacceusanusl.

M. Yu. Dolomatov, V. R. Subkhankulov, O. L. Ryzhikov, M. M. Dolomatova, S. S. Vershinin,

O. A. Belotelov, I. V. Kazaev, K. G. Abdulminev

Ufa State Petroleum Technological University

Plasmachemical Synthesis of Graphene from Low-Carbon Crude Product

The article discusses the synthesis of graphene soot using the method of plasmachemical pulse flash pyrolysis, which
involves the use of low-carbon products from oil refining and petrochemical industries, such as coke oils, catalytic
cracking products, heavy and light pyrolysis resins, and others. In this proposed technology, the low-carbon raw
material is first subjected to thermolysis in a batch reactor, where it is enriched with carbon in high-temperature
processes at 400-600°C. Further, the heavy thermolysis products are sent to the plasma-chemical pyrolysis unit in
order to obtain graphene soot. The proposed technology will expand the range of raw materials used for the
production of graphene soot and graphene. The technology has been tested in numerous experiments, and the quality
of the products has been confirmed by spectroscopic and analytical methods.

Key words: graphene, graphene soot, low-carbon feedstock, thermolysis, plasmachemical synthesis, Raman

spectroscopy.

A. A. Myxameozanoea?, P. A. 3enenkosa', H. A. Uxcanoe®, I. M. Cuoopoé’, E. B. I'poxomoea?

1 Vpumckuii yHHBEPCUTET HAYKU ¥ TEXHOJIOTHH,

2V hpumcKHit TOCY JaPCTBEHHBIN HEPTAHOM TEXHMIECKUH YHUBEPCUTET,

3donn MEePCIEKTUBHBIX UCCIIEOBAaHUM,

alf6058@yandex.ru

TepMonoMKOHAEHCALUS TAMKEIO0H CMOJIbI NUPOJIN3A B Cpeie BICOKOAPOMATUYHOI0 PACTBOPHUTEISA B
NPUCYTCTBUHU KATAJU3ATOPA — OPraHUYECKOI0 MepoKcuaa

IIpedcmasnenvl pesynvmamsl MepMONOIUKOHOCHCAYUU MANHCENBIX CMOL NUPOAUZA 8 NPUCYIMCMBUU OP2AHUYECKUX
NEepoKCUO08 U 8bICOKOAPOMATMUYHBIX paryuti cmor msicenvix nupoausza 350—450°C ¢ pazruynvim codepoicanuem
cepbl. [lokazana 603mMoHCHOCb NONYYEHUS GbICOKONIABKUX NUPOIUSHBIX NEKO8 08YXCMAOUUHOU

mepmonoauKoHoencayuel gpaxyuu msxicenol cmonvt nupoausa H.x.—350 °C. DxcnepumenmansHo 00KA3aHO GusAHUE



pacmeopumeris ¢ 8bICOKUM COOEPHCAHUEM NOTUYUKTOAPOMATNUYECKUX COeOUHEHUU Ha 00paA308aHe KOMIOHEHMOS,
Hepacmeopumblx 8 moyoe.
KiwueBble cioBa: msocenas cmoaa nupoausa, gppaxyuu 1. k. —350°C, mepmononuxondencayus, HepmsiHvle nexu,

memMnepamypa pamseueHus, ac@aibmensl, KapoeHvl, Kapoouowl.

A. A. Mukhamedzianoval?, A.A.Zelenkova?l, I. A. Ikhsanov®, G.M. Sidorov?,

E.V. Grokhotova?

! Ufa University of Science and Technology

2Ufa State Petroleum Technical University ,

3Foundation for Advanced Research,

Thermopolycondensation of Heavy Pyrolysis Tar in a High-Aromatic Solvent Environment in the Presence of
Catalyst — the Organic Peroxide

The results of thermopolycondensation of heavy pyrolysis tar in the presence/absence of organic peroxides and
high-aromatic pyrolysis resin fractions with different sulfur contents are presented.The possibility of obtaining
high-melting pyrolysis pitch by two-stage thermopolycondensation of the heavy pyrolysis tar fraction at 350°C is
shown. The influence of a solvent with a high content of polycycloaromatic compounds on the formation of
components that are insoluble in toluene has been experimentally proven.

Key words: heavy pyrolysis resin, fractions below 350°C, thermopolycondensation, oil pitches,

softening point, asphaltenes, carbens, carboids.

A. /I. Baoukoea, C. P. Caxubzapees, M. A. Ilaokun, T. P. Baxumoe

Y dumcknii rocy 1apcTBeHHBIH HEPTIHONH TEXHUIECKUN YHUBEPCUTET

samat.sax2014@yandex.ru

TepMokaTanuTHYeCKasi KOHBEPCHS ra3000pa3HOro YIi1eBOIOPOAHOTO ChIPbS

B NPHCYTCTBHM KATATUTHYECKHX CHCTEM HA OCHOBE HEOPraHUYECKUX COeTUHEHMI

B cmamve paccmampuseaiomes 3aKkoOHOMeEPHOCHU MEPMOKAMATUMUYECKOU KOHBEPCUU 2Aa3000paA3H020
UHOUBUOYANLHORO Y21e8000p00a — NPONAHA, MOOENUPYIOuje20 0OUH U3 KOMNOHEHNO8 NONYMHbIX HeQMAHbIX 243086, 8
NPUCYMCmeuy MOOUPUYUPOSAHHOU MEMANNIOKOMNIEKCHOU KAMAIUMUYECKOU CUCMEMbL HA OCHOGE HEOP2AHUYECKUX
coeduHenul. B mepmoxamanumuueckoti Koneepcuu nponana UCNOIb3068a1ACy KAMATUMUYECKAs CUCEMA C
yeonrumcooepoicawgem nocumenem muna Y (Na-¢popmwt), nogsepxnocmo Komopo2o Moouhuyuposana KOMnieKCHol
COJIbIO HA OCHOGE Heop2anudecKux coeti — xaopuoda scenesa (I111) u xnopuoa kanus. Pazpabomannas kamariumuyeckas
obnadaem 8bICOKOPA3EUMOL NOBEPXHOCMBIO U KAMATUMUYECKOU AKMUBHOCMBIO OISl CENEKMUBHO20 NONYYEeHUs
apomamu4ecKux coeOuHenull. YCmanoeneno, umo paspabdomannas yeoaumcooeplcawas Kamaiumuyeckas cucmema
Ha 0CHOBE HEOP2AHUYECKUX COeOUHEeHUll dhdekmuena npu KoHeepcuu nponana npu memnepamype npoyecca 500—
600°C u 06vemnoii ckopocmu nodauu coipvs 1-2 ™, noseonsem sghgpexmuero npeepawyame HaACvIYEHHbIT HUZWULL
1271e6000p00 8 NPOOYKMbL Hedhmexumuu ¢ npeodIAOaHUEM 8 COCMABe HCUOKUX Yee8000P0008 — APOMAMUYECKUX
coedunenuii cocmasa Ce—Cs, 6 mom uucne ¢ cooepicanuem pasiuyHulx nPoCmMpaHCmeeHHbIX U30MEPO8.

KiroueBble ci10Ba: mepmMokamanumuyeckas KoH8epcusl, 2a3000pasHoe y2ie6000pooHOe Cblpbe, KAMAaIUmuyecKasl

cucmema, KomMnjiekcHole COeOuHeHUsl Ha OCHO8e XJZOPM()OG memanios, apomamudecKue yZﬂe@O@OpO()bl.



A.D. Badikova, S.R. Sahibgareev, M.A. Tsadkin, T.R. Vakhitov

Ufa State Petroleum Technological University

Thermocatalytic Conversion of Gaseous Hydrocarbon Feedstock in the Presence of Catalytic Systems

Based on Inorganic Compounds

This article examines the principles of thermal catalytic conversion of a gaseous individual hydrocarbon, propane,
which simulates one of the components of associated petroleum gases, in the presence of a modified metal complex
catalytic system based on inorganic compounds. The thermal catalytic conversion of propane utilized a catalytic
system with a Y-type zeolite-containing carrier (Na-form), the surface of which was modified with a complex salt
based on inorganic salts —iron (111) chloride and potassium chloride. The developed catalytic system possesses a
highly developed surface area and catalytic activity for the selective production of aromatic compounds. It has been
established that the developed zeolite-containing catalytic system based on inorganic compounds is effective in the
conversion of individual propane hydrocarbon at temperature 500-600°C and a feed volumetric feed rate of 1-2 h,
and allows for the efficient conversion of saturated lower hydrocarbons into petrochemical products with a
predominance of liquid hydrocarbons - aromatic compounds of the Ce—Cg composition, including those containing
various spatial isomers.

Key words: thermocatalytic conversion, gaseous hydrocarbon feedstock, catalytic system, complex compounds based

on metal chlorides, aromatic hydrocarbons.

U. A. Mycmacgpun, A. P. Xanos, A. I. Mycmagpun, A. @. Axmemoe

Y dbumMmckuii Tocy1apCcTBEHHBIN HEPTIHOM TEXHUYECKUH YHHBEPCUTET

ildarAMustafin@yandex.ru

CoBMecTHOe NMOJTy4YeHHe METAHOBOIOPOIHON CMeCH M YIJIEPOIHBIX HAHOTPYOOK TePMOKATATUTHYECKHM
Pa3/10:KeHHEeM reKCaHOB

Toxazana 603M0CHOCTNG NOTYUEHUST 8000POOOCOOEPICAUe20 2a3a U YeNePOOHBIX HAHOMPYOOK
MEPMOKAMATUMULECKUM PA3TONCEHUEM H-2eKCaAHa U YuKIo2eKcana. B kayecmese npexypcopa kamanuzamopa
ucnoavzosan 2-asmuneexcazonam Hukens. Codepaicanue 6000poda 6 obpasyroujemcs eaze oocmueaem 53% oo.
ons eexcana u 91% 06. ona yuxnoeexcana. Ilonyuenvl yenepoonvie mamepuaisl 8 8ude HaHOMpyoOoK,
ouamempom meree 100 um.

KiroueBrble cioBa: yenepoonsie HAaHOMPYOKU, XUMUYECKOE 0CAINCOCHUE U3 2A3080U (Da3bl, MEPMOKAMATUMULECKOE

pasnodcenue y2ie8000pooos, yenepooHvle HAHOBOJIOKHA, NOyHeHUe MeMAaH08000POOHOL CMeCU.

I. 4. Mustafin, A. R. Khanov, A.G. Mustafin, A. F. Akhmetov.

Ufa State Petroleum Technological University

Joint Production of Methane-Hydrogen Mixture and Carbon Nanotubes

by Thermal Catalytic Decomposition of Hexanes

The possibility of producing hydrogen-containing gas and carbon nanotubes via the thermal catalytic decomposition
of n-hexane and cyclohexane is demonstrated. Nickel 2-ethylhexagonate is used as a catalyst precursor. The hydrogen
content in the resulting gas reaches 53% by volume for n-hexane and 91% by volume for cyclohexane. Carbon

materials in the form of nanotubes with a diameter of less than 100 nm are obtained.



Key words: carbon nanotubes, chemical vapor deposition, thermal catalytic decomposition of hydrocarbons, carbon

nanofibers, production of a methane-hydrogen mixture.

A. /1. Baoukoea, C. P. Caxubzapees, M. A. Ilaokun, M. P. Cyamanoea, U. M. bopucos
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samat.sax2014@yandex.ru

Karanutunyeckuii KpeKHHT TSAKEJI0ro He(PTAHOTO CHIPbSI B IPUCYTCTBHU HOBBIX 3 (peKTHBHBIX
METAVIOKOMILIEKCHBIX KATAJUTHYECKUX CHCTEM

Paspabomana kamanumuueckas cucmema na ocHoge KUCI0U hopmuvl yeoaumcooepaicauje2o Hocumensi muna Y,
MOOUPUYUPOBAHHASL AKMUBHOU KAMATUMUYECKOU dAeKMPOPUILHOU 000a6KOU mempaxiopgheppama Hampus

¢ coodepaxcanuem 15% mac. k nocumento. Kamanumuueckas cucmema Ha OCHO8e HEOP2AHUYECKUX XA0PUO08 HAMPUS U
Jrcene3a NPossasem 8blCOKYIO AKMUBHOCb U dheKmUsHOCmb 8 npoyecce MepMOoKaAmaIumuiecKko20 pacujenieHusl
NPAMO2OHHO20 MA3YMA ¢ 00paA308aHUEM JIe2KUX 2A3000PA3HBIX Y2lie8000P0008 U IHCUOKUX VeeB000P0008 PA3TUYHO20
CMPOEHUS — UBOMEPHBIX U APOMAMULECKUX Y2Ne8000p0008. Hcnonb3osanue MemaiioKOMNIEKCHOU Kamaiumuyeckou
cucmemol 8 OMHOCUMENILHO MASKUX MEMNEPAMYPHBIX YCIOBUAX KAMATUMUYECKO20 KPEeKUH2d NO360Isien NOBbICUMb
NPOYEHM U3BLEUEHUS. CBEMIIbIX HeMENPOOYKMO8.

KaroueBsble cnoBa: kamanumuieckull KpeKune, Yeoaumco0epuHcauli Hocumeis, maxcenoe nepmsauoe coipbe,
ceemJivle paxyuu, 1eekue 2a3000pasHbvle Hu3wUe oreuubl, KOMNIEKCbl HA OCHO8E XA10PUO08 MEMAN08,

Xnopgheppamuwiti KOMAIEKC, KOKCOOOpaszoeanue.

A.D. Badikova, S.R. Sakhibgareev, M.A. Tsadkin, M.R. Sultanova, |.M. Borisov

Ufa State Petroleum Technological University

Catalytic Cracking of Heavy Petroleum Feeds in the Presence

of New Effective Metal Complex Catalytic Systems

A catalytic system based on an acidic Y-type zeolite-containing support modified with an active catalytic electrophilic
additive, sodium tetrachloroferrate, at a 15% weight content has been developed. This catalytic system, based on
inorganic sodium and iron chlorides, exhibits high activity and efficiency in the thermal catalytic cracking of
straight-run fuel oil, producing light gaseous hydrocarbons and liquid hydrocarbons of various structures — isomeric
and aromatic hydrocarbons. Using this metal complex catalytic system under the relatively mild temperature
conditions of catalytic cracking allows for increased recovery of light petroleum products.

Key words: catalytic cracking, zeolite-containing carrier, heavy petroleum feedstock, light fractions, light gaseous

lower olefins, metal chloride-based complexes, chloroferrate complex, coke formation.

P. C. Hazues, A. /I. baoukosa, H. M. bopucoe, C. P. Caxubzapees
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[oBbimenne 3Hepro3pPpeKTUBHOCTH YCTAHOBKH TMAPOOYNCTKH MOTOPHBIX TOTIJINB

IPH IKCIVTYaTaAllMM NEPCIEKTUBHBIX KATAJIUTHYCCKUX CUCTEM HA OCHOBE IreTeponoiMcoeINHCHU HUKEIA



IIposedena anpobayus npedsapumenbHO NPUOMOGIEHHbIX KAMAIUIAMOPO8 2UOPOOUUCTIKU C UCNOIb30BAHUEM
komnnexca ywemvipexeanenmnozo nuxens (NHa)s[NiM09O32]-6H20 6 cuopoobeccepusanuu npsamozonnoii ousenvnoi
@paxyuu, 8vi0eneHHOl U3 Hehme2a30KOHOCHCAMHOU CMeCU AYUMOBCKUX OMILOMNCEHUL U PACCMOMPEHbL NEPCNEKMUebl
ONMUMU3AYUU YCMAHOBKYU 2UOPOOYUCIIKY CPEOHUX OUCTUNIAMOS. [Ipucomosnentble Kamanuzamopuvl 2UOPOOYUCHIKU
NOKA3aU 8bICOKYIO 2UOPO0Deccepuaiouyio akmusHOCHb ¢ OCIMAMOYHbIM COOEPICAHUEM CePbl HA YPOBHE

00 5-8 ppm. Ilo noxasamento 0CmamouHo20 cooepiucanus 0bwell cepsl NOYYEHHblE CUOPOSEHUZAMbL
coomeemcmeosanu mpebosanuam Texnuueckozo peenamenma Tamodsscennozo corsza «O mpebosanusnx

K a8MoMOOUTLHOMY U ABUAYUOHHOMY OEH3UHY, OUIETbHOMY U CYOOBOMY MONIUEY, MONIUEY

07151 peaKmusHuIX 0gueamenetl U Masymym.

KuroueBble clioBa: kamanuzamop 2uopooyucmiu, cuopoobeccepusanue, KOMnIeKe YemvlpexgaieHmHo20 HUKes,

eemepononucoedunenue Ni (IV), npsmoconnas ouzenvhas paxyus.

R. S. Nagiev, A. D. Badikova, I. M. Borisov, S. R. Sakhibgareev.

Ufa State Petroleum Technological University

Increasing the Energy Efficiency of a Motor Fuel Hydrotreating Unit

When Using Advanced Catalytic Systems Based on Nickel (IV) Heteropoly Compound

Pre-prepared hydrotreating catalysts were tested using a tetravalent nickel complex of the composition
(NH4)s[NiMo09O32] 6H20 in the hydrodesulfurization of straight-run diesel fraction isolated from the oil and gas
condensate mixture of the Achimov deposits, and the prospects for optimizing the middle distillate hydrotreating unit
were considered. The prepared hydrotreating catalysts demonstrated high hydrodesulfurization activity with a
residual sulfur content of up to 5-8 ppm . In terms of residual total sulfur content, the resulting hydrogenated products
met the requirements of the Technical Regulations of the Customs Union «On Requirements for Automobile and
Aviation Gasoline, Diesel and Marine Fuel, Jet Fuel, and Fuel Qil».

Key words: hydrotreating catalyst, hydrodesulfurization, tetravalent nickel complex, Ni(1V) heteropoly compound,

straight-run diesel fraction.

HU. A. Mycmacgpun, P. H. I'anuaxmemos, A. I. Mycmagpun, O. M. Cyoaxosa, A. P. Xanos, A. @. Axmemos
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MexaHu3M peaklu KPEKHHIa YIJIeBOJA0POI0B ¢ HAHOYACTHLIAMHI METAJJI0B

Paboma nocsawena uccnedosanuro uzuko-xumuieckux acnekmos Kamaiumuieckol 0eCmpyKyuu y2ie000pooos
mAdMCenbIX Hehmetl u He(hMAHBIX OCMAKO8 8 RPUCYIMCMBUU YIbIMPAOUCNEPCHBIX (HAHOPA3MEPHDBIX)
MEMANNCO0EPHCAUUX KAMATUZAMOPO8, 00PA3VIOWUXCA i St NPU MEPMUYECKOM PA3T0HCEHUU MEMALIOPLAHUYECKUX
npexypcopos. Ha ocroge pe3yibmamos mepmMoOUHAMUYECKUX PACYEMO8, KBAHMOBO-XUMUYECKO20 MOOENUPOBAHUSL
memooom DFT u ananuza skCnepumMenmanbHulX OAHHbIX NPEON0NCEH MEXAHUIM, GKIIOHAIWULL CMAOUU
0enpomoHUpPOBAHUSA, NPOMOHUPOBAHUSL U PAOUKATbHO-UOHHBIX peakyuil. [lokazano, ymo akmueHbiMu YeHmpamu
AGNAIOMCSL HAHOYACMUYbI HUKES, OKCUOA HUKENS U CYIbOUO08 MEMALL08, A MAKHICe NOBEPXHOCHU UX OKCUOHBIX U
cynbuonvix hopm. Ob60CHOB8AHA PONL HAHOCMPYKIYPUPOBAHHBIX KAMAIUZAMOPOS 8 UHUYUUPOBAHUU UOHHBIX

npoYeCcco8 U CHUNCEHUU MeMnepamypvl 0ecmpyKyuu y2ieo00po0os.



KimoueBble cioBa: HanoKkamaausamopwl, mepxwodecmpykuuﬂ, HUKEJIb, YUHK,

cynvpuovl memannos, DFT, cepoopeanuueckue coeounenus.

l. A. Mustafin, R. N. Galiakhmetov, A.G. Mustafin, 0. M. Sudakova, 4. R. Khanov, A. F. Akhmetov.

Ufa State Petroleum Technological University

Mechanism of Hydrocarbons Cracking Reaction with Nanocatalysts

This paper investigates the physicochemical aspects of the catalytic degradation of heavy oil hydrocarbons and
petroleum residues in the presence of ultradispersed (nanosized) metal-containing catalysts formed in situ during the
thermal decomposition of organometallic precursors. Based on the results of thermodynamic calculations,
guantum-chemical modeling using the DFT method, and analysis of experimental data, a mechanism is proposed that
includes the stages of deprotonation, protonation, and radical-ion reactions. It is shown that the active centers are
Ni? NiO, and MeS nanoparticles, as well as the surfaces of their oxide and sulfide forms. The role of nanostructured
catalysts in initiating ionic processes and reducing the degradation temperature of hydrocarbons is substantiated.

Key words: nanocatalysts, thermal degradation, nickel, zinc, metal sulfides, DFT, organosulfur compoun.

B. U. Jlemupos*, C. H. Bonzun?, E. M. Buscanxoe?, H. B. Ilvikynoe®, A. M. Bunsaeckuii®, B. B. Topocan®
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MeTtoauka oeHKH CPOKA IKCILTYATAIHH OXJIAMKAAIINX KUIKOCTEH

Hacmoswasn memoouxa ocnosana na memooe onpeoeneHusi KOppo3UOHHO20 B030eliCMBUs HA MEMALLbl NO

TOCT 28084 «Kuoxocmu oxnasicoarowue Huzkozamepsarwue. Texnuueckue yCiosusy ¢ y8eaiuteHHbiM KOAUYeCmeom
YUKTLO8 UCHBIMAHULL. YCMAanosiena 3auMOoCesn3b MeHcoy KOAULeCmeoM YUKI08 1a00pamopHulX UCHbIMAHULL NO
KOPPO3UOHHOMY 8030€UCMBUI0 HA MEMAIbL U CPOKOM IKCHIAYAMAYUY OXTAXHCOAIOUel HCUOKOCU HA
aemompancnopme. Oyenxa cmenenu KOppo3UOHHO20 B030elCTNEUS HA MEMALIbl ONPEOesLIACh NO 3A6EPULEHUIO
Kaoic0020 yurna. Memoouka no3zeonsiem no pesyivmamam YuKIudecKux UCHbImMaHuil npocHO3UPOBAmMsb GO3MONCHbIE
CPOKU IKCHIYAMAYUY OXAANCOAIOWUX HCUOKOCHET HA MeXHUKE.

KawueBble c10Ba: Memoouxa oyeHKu cpoka IKCHIYamayul OXaaxicoaouwel deudKocmu,

KOPpPO3UOHHOE 6030eticmeue Ha memaJilivl, YUKJIUYEeCKUue ucnovlmaHusl.

V. I. Demirov, S. N. Volgin, E. M. Vizhankov, I. V. Tsykunov, A. M. Vinyavsky, V. V. Torosyan.

! Department (of Rocket Fuel and Fuel) of Resource Support, Ministry of Defence of the Russian Federation

2 Federal Autonomous Enterprise "The 25th State Research Institute of Chemmotology, Ministry of Defence of the
Russian Federation™

3 Joint Stock Company "Obninskorgsintez" (JSC "Obninskorgsintez")

Methodology for Estimating the Service Life of Coolants



This methodology is based on a method for determining the corrosive effect on metals according to GOST 28084
"Antifreezes. Specifications” with an increased number of test cycles. The connection between the number of cycles of
laboratory tests for corrosive effects on metals and the service life of the coolant used in vehicles has been
established. The assessment of the degree of corrosion on metals was determined at the end of each cycle. Based on
the results of cyclic tests, the methodology allows predicting the possible service life of coolants used in vehicles.

Key words: methodology for estimating the service life of coolants, corrosive effect on metals, cyclic tests.

P. @. Xamaoanues, I M. Xamaoanuesa, T. P. IIpocouxkuna, K. I'. Kuuamoe
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Pa3pa0oTka 1ByXKOMIIOHEHTHON MOJUYPETaAHOBOM CHCTEMBbI ¢ IPUMEHEHHeM

OeTa-Bepcuu 0a3bl TAHHBIX

B cmamve npedcmasnenvl pesynomamul pazpabomru 08YXKOMNOHEHMHOU NOIUYPEMAHOBOU CUCHEMBbL C
VAYUUEHHLIMU QUIUKO-MEXAHUYECKUMU XAPAKMEPUCTNUKAMU C NPUMEHeHUueM 6ema-8epcuu Cneyuanusuposanto
oaswl 0annvix. [lokasano, umo noayuenHwlli 0bpaszey noauypemana npes3ouesl NIaHosblie NOKA3amenu no npeoeny
NPOUHOCMU HA PACMAICEHUE, MOOYIIO YAPY2OCMU U NIOMHOCIU, A MAKHCe NPOOEMOHCMPUPOBAT GbICOKUE SHAYCHUS
aoee3uu, npouHocmu npu uzeude u meepoocmu no Lllopy. Ycmanosneno, umo dasice HebobuLOE KOIUYECMBO
xkamanuzamopos (0o 0,02%,) enusiem Ha apxumexmypy nOIUMEPHOU CeMKU NOJUYPEMAHOBOU CUCEMB.
Tloouepxusaemcs ponv 6azvl danuwix @ PostgreSQOL, codeporcaweri 115 00pa3yos coipvsi ¢ desamvlo napamempamu
Kadicowlll, 0Jisk CUCMEMHO20 NO0X00d K NPOEKMUPOSAHUI0 PEYEnmyp U GbIsIGNEHUSL CKPLIMbIX KOPPEAYULL MeHCOY
CBOUCMBAMU CbIPbS U KOHEUHO20 NPOOYKmMA. Jannbiil n00X00 N0360.15em nepeumu om SMRUPU4ecKo2o noobopa K
NPOCHO3UPYEMOMY CUHMESY, NO36ONAIOUIeMY COKPAMUMb 8peMsl pa3spabomku Hoebix mamepuanos Ha 40-60%.
KiroueBrble ci1oBa: noauypeman, 08YXKOMNOHEHMHAS CUCTNEMA, NOJUOI, UZ0YUAHAM,

bema-gepcus 6a3vl OAHHBIX, NPOEKMUPOBAHUE Peyenmyp.

R.F. Khamadaliev, G.M. Khamadalieva, T.R. Prosochkina, K.G. Kichatov

Ufa State Petroleum Technological University

Development of a Two-Component Polyurethane System

Using the Beta Version of the Database

The article presents the results of the development of a two-component polyurethane system with improved physical
and mechanical characteristics using the beta-version of a specialized database. It is shown that the resulting
polyurethane sample exceeded the planned values in terms of tensile strength, modulus of elasticity, and density, and
also demonstrated high values of adhesion, flexural strength, and Shore hardness. It has been established that even
small amount of catalysts (up to 0.02%) affects the architecture of the polymer network in the polyurethane system.
The importanceghjtrnbhj of a PostgreSQL database containing 115 raw material samples with 9 parameters each is
emphasized for a systematic approach to formulation design and the identification of hidden correlations between the
properties of raw materials and the final product. This approach allows for a transition from empirical selection to

predictable synthesis, which can reduce the time required to develop new materials by 40-60%.



Key words: polyurethane, two-component system, polyol, isocyanate, beta-version of the database, design of

compositions.

A. P. Maxmymoea, H. I'. E¢doxumosa, H. H. /lyneea
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IMoadop cocTraBa muiacTuGUKaTOPa MNOJUMEPHO-OUTYMHOI0 BSKYLIET0 € HCMOJIB30BAHHEM KPUTEPUEB

3¢ dexTUBHOCTH

B pabome npeocmasnenvi pezynomamol ucciedos8anuii no no0OOpy onmMuUMaIbHO20 COCMAasa ni1acmugukamopa
NONUMEPHO-OUTYMHBIX GANACYWUX, NOTYUEHHBIX HO PAZIUYHBIM MEXHON02UAM, C UCNONb306AHUEM MEMO00a
MHO2OKPUMEPUATLHOU ONMUMU3AYUYU HA OCHOBE YACMHBIX U 0000UjenHblx Kpumepues d@gexmusnocmu. s
NONYUEHHBIX GANCYWUX HA OCHOBAHUU SHAYEHUL UX PUUKO-XUMUYECKUX CGOUCME ObLIU PACCUUMAHbL YACHbIE U
0000WenHble Kpumepuu d¢hOeKmueHocmu, a maxdice usyuen epynnoeoll XUMUYecKul cocmas niacmu@ukamopos.
Yemanoeneno, umo 3a cuem peeyruposanus 2pynnogoeo XuMuiecko2o cocmaga u 00CIMUAICeHUs ONMUMANbHbIX
COOMHOULEHUT MeHCOY aPOMAMUHEeCKUMU U NAPAPUHOHADMEHOBbIMU KOMNOHEHMAMU NAACMUPDUKAMOPA MOI’CHO
docmuyb 3HAYeHUL noKazamerell Kauecmad, npegbliiarouux mpebosanus cmanoapma, a no 0600uWeHHbIM
Kpumepusm 3QhexmusHoCmu MOACHO CyOUMb 0 3anace Kayecmea Noay4eHHbIX GAICYUJUX.

KuroueBble ciioBa: noaumepro-oumymnoe éaxcywjee, noiumep, RAaCmuQuKamop, 2a3olib Kamaiumuiecko2o
KpeKuHea, 8aKyyMHblll 2a301Ul1b, RAACmu@uyupyrouas 000aska, KOMRAyHOUposauue, kpumepui 3ggexmusHocmu,

Memoo onmumusayuu.

A. R. Makhmutova, N. G. Evdokimova, N. N. Lineva.

Institute of Oil Refining and Petrochemistry, Ufa State Petroleum Technological University (Branch in Salavat)
Selection of Polymer Bitumen Binder Composition Using Performance Criteria

The paper presents the results of research on the selection of the optimal plasticizer composition of polymer-bitumen
binders obtained using various technologies using the multicriteria optimization method based on partial and
generalized performance criteria. For the obtained binders, based on the values of their physico-chemical properties,
specific and generalized efficiency criteria were calculated, and the group chemical composition of plasticizers was
studied. It has been established that by regulating the group chemical composition and achieving optimal ratios
between the aromatic and paraffin-naphthenic components of the plasticizer, it is possible to achieve quality
indicators exceeding the requirements of the standard, and according to generalized efficiency criteria, it is possible
to judge the quality reserve of the binders obtained.

Key words: polymer-bitumen binder, polymer, plastificator, catalytic cracking gasoil, vacuum gasoil, plasticizing

additive, compounding, efficiency criterion, optimization method.

B. A. I'agpaposa, H. P. Kyzeeg, A. @. Axmemos, B. H. Xagpusos,
U. A. Mycmadghun, M. A. bonoapw, A. P. Xanoe
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Co3nanue GyHKIHOHAJBHBIX KOMIIO3MIMOHHBIX MATEPHAJIOB HA SNMOKCHIAHON 0CHOBE

¢ HAHOYTJIEPOIHBIMM 100aBKAMH

IIpedcmasnenvl pesynvmamul UCCA008AHUL KOMNOZUYUOHHBIX MAMEPUATIO8 HA INOKCUOHOU OCHOBE

C UCNONIL30BAHUEM 8 KAYeCmEe HANOIHUNENSI MHO20CTIOUHBIX YenepooHwix Hanompyook (MYHT) ¢ couemanuu

¢ Opyeumu Hanoanumenamu. Hcnoavsosanue MYHT noszeonuno eapvuposams mexnoiocuiecKkue ceolucmaea
KOMRO3UMa 8 WUpoKux npeoeax, umo 0aém 803MO*CHOCHb NPOU3BOOUMb PEMOHM MPEWUH PA3IUYHOL CLOHCHOCIU
6 000PY00BAHUU ONACHBIX NPOU3BOOCHBEHHBIX 0OBEKMOS.

KiroueBble c10Ba: KOMNO3UYUOHHBIE MAMEPUANBL, YeepOOHble HAHOMPYOKU, INOKCUOHAS CMOA, MPEUUHDL.

V. A. Gafarova, I. R. Kuzeev, A. F. Akhmetov, V. N. Khafizov, I. A. Mustafin, M. A. Bondar, A. R. Khanov
Ufa State Petroleum Technological University

Creation of Functional Composite Materials Based on Epoxy with Nanocarbon Additives

The article describes the findings of studying epoxy-based composite materials containing multi-walled carbon
nanotubes (MWCNTS) in combination with other fillers. The use of MWCNTSs allows significant modifications to the
processing properties of the composite, which makes it possible to repair equipment with cracks of varying complexity
and cavity volume at hazardous production facilities.

Key words: composite materials, carbon nanotubes, epoxy resin, cracks.

P. P. Anaes, I1. Pakosa, E. C. Boakosa, E. B. @Qupcosa, A. @. Axmemos
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HccnenoBanne BJIMAHUS BTOPUYHBIX TPAHYJISITOB MOJUMEPHBIX 0TX0/I0B

Ha CBOMCTBA J0POKHOT0 OUTYyMa

B cmamve npedcmasnenvt pezyiomamul uccie0o8aHull o MoouGuUKayuu HeKOHOUYUOHHO20 OOPOICHO20 bumyma
mapku BHJT 70/100 ¢ ucnonvzosanuem 6mopuyHblx epaHyisamos Roaudmuiena Huzko2o oaerenus (I12H]]),
noaunponunena u conoaumepa noaunponunena (CIIII). Ilpogedén cpagnumenbHulll anaiu3 GuauUKo-mexaHuiecKux
CBOLICMB UCXOOH020 OUMYMA U 0OPA3YOE, NOTYYEHHBIX ¢ 000AGIeHUEeM PASTUYHBIX KOHYEHMPAYULL GIMOPULUHBIX
noaumepos. Ycmanosneno, umo npumenenue IHIH/] u CIIII nozsonsiem noayuame noiumepro-oumymmole
Komnosuyuu ¢ xapakmepucmurxamu, coomeemcmeyiowumu mpedosanusim I OCT P 52056—2003 ons mapxu

IIBB 40, npu smom 0ocmucaemcs noguvluielie memnepamypHvix nokazamenell U pacuuperue uHmepsand
niaacmuynocmu. Mcnons308anue nolunponuiena e 0becneduio noiyyeHue 0opazyos, omeeuarouux HopMamueHsiM
mpebosanusm. Tlonyuennvle pe3yiomamosl NOOMEEPHCOAIOM BOZMOICHOCHb IPHEKMUBHO20 BMOPUUHOZO
UCTIOIL308AHUSL OMX0008 NOIUMEPOE OJIsL YIYHULEHUS CBOUCTME OOPOAHCHO20 OUMYMA U PA3PAOOMKU HOBbIX
KOMROZUMHBIX MAMEPUATNO8 OJis O0POICHO20 CHPOUMETbCIIEA.

KaroueBsle cinoBa: nedhmanou 6umym, bumym Heqpmanot 00pON*CHbII, MOPULHbBLE 2DAHYIbL, HOTUMEPHbBLE OMX00bI,

noausSmuilerH HU3Ko20 ()CIGJZEHME, nOJAUNPONUIEeH, COnoaumep noaunponujilena, n0ﬂuMepH0-6umyMﬁoe esdcyugee.



R. R. Yapaev, P. Rakova, E. S. Volkova, E. E. Firsova, A. F. Akhmetov.

Ufa State Petroleum Technological University

Investigation of the Effect of Secondary Polymer Waste Granules

on the Properties of Road Bitumen

The article presents the results of research on the modification of substandard 70/100 grade road bitumen using
secondary granules of low-pressure polyethylene (HDPE), polypropylene and polypropylene copolymer (PPC).
Uniplast was used as a plasticizing additive. A comparative analysis of the physico-mechanical properties of the
initial bitumen and samples obtained with the addition of various concentrations of secondary polymers has been
carried out. It has been established that the use of HDPE and PPC makes it possible to obtain polymer-bitumen
compositions with characteristics that meet the requirements of GOST R 52056-2003 for the PBB 40 brand, while
increasing temperature parameters and extending the plasticity range. The use of polypropylene did not ensure the
production of samples that meet regulatory requirements. The results obtained confirm the possibility of efficient
recycling of polymer waste to improve the properties of road bitumen and develop new composite materials for road
construction.
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