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3. A. I'yceiinoea, C. P. Pacynoe

AzepOaipKkaHCKUH TOCYTapCTBEHHBIN YHUBEPCUTET HEPTH U MIPOMBIITUICHHOCTH, T. baky
elvira_huseynova@mail.ru

KarannTniyecknii OKCHKpeKMHI BAKYYMHOI0 ra30is

Hccnedosan npoyecc kKamanumuiecko2o OKCUKPEKUH2a 8AKYYMHO20 2A301L15 8 NPUCYIMCIEUN YEOTUMCO0ePIHCaUe2o
kamanuzamopa OMHUKAT-21011. Ycmanoeneno, ymo memnepamypa u cneneHvb OKUCIEHUS OKA3bI8AIOM
00UHAKOBOE GIUSHUE HA CTHENeHb NPEBPAUEeHUs CbIPbS U GbIX00 NPOOYKINO8 PeaKyul, mo2oa Kax memnepamypa u
e8pems konHmakma — anmubamuul. Iloxazano, umo 6800 Kuciopooda cnocoocmayem oopazo8aHuIo OU3eabHouU
@paxyuu u yeneso0opoonoeo 2aza. Onpedenenue GuU3UKO-XUMUYECKUX XAPAKMEPUCTUK VIKUX DPAKYULl NO360IUNO
OYEeHUMb Kauecmeo NomeHYUaIbHbIX MOBAPHLIX NPAMOLOHHBIX NPOOYKMOE OKCUKPEKUHEAd 8AKYYMHO20 2A30UA 8
3A8UCUMOCIIU O MEXHOTI02UYECKUX YCII08ULE npoyeccd.

KiroueBble ¢Jj10Ba: KaTATUTUYECKUN OKCUKPEKHUHT, OKUCIUTEIbHbIA KPEKUHT,

BaKyyMHBIH ra30iiiib, IIEONIUTCOIEPKAIINN KaTann3aTop, GpaKIMOHHBIN COCTAaB.

DOI: 10.32935/0023-1169-2024-642-2 -3-7

E. A. Guseinova, S. R. Rasulov.

Azerbaijan State University of Oil and Industry, Baku, Azerbaijan

Catalytic Oxycracking of Vacuum Gas Oil

The process of catalytic oxycracking of vacuum gas oil in the presence of a zeolite-containing catalyst
OMNIKAT-210P was studied. As a result of studying the influence of technological parameters on process
parameters, it was found that temperature and degree of oxidation have the same effect on the degree of conversion of
raw materials and the yield of reaction products, while temperature and contact time are antithetical. It has been
shown that the introduction of oxygen promotes the formation of diesel fraction and hydrocarbon gas. Determination
of the physicochemical characteristics of narrow fractions made it possible to assess the quality of potential
commercial straight-run products of oxycracking of vacuum gas oil, depending on the technological conditions of the
process.

Key words: catalytic oxycracking, oxidative cracking, vacuum gas oil, zeolite-containing catalyst, fractional

composition.

T. B. lIpoxogpvesa, C. C. Kpyznog (mn.), C. C. Kpy2noe (cm.), b. Il. Tymansan

PI'Y nedtn u raza (HUY) nmenu U. M. ['yOxuna

proktv@mail.ru

Hogblii moaxon Kk pacyery pe;xuMa MUHUMAJIbHOI0 OPOLIEHUS

NpH peKTH(HKAINHA MHOTOKOMIIOHEHTHBIX CMecei

B cmamve paccmompenwvt naubonee pacnpocmparennvie aHaIumMu4ecKue Memoosl pacuema napamempos pexicuma
MUHUMATHHO20 OPOULeHUs NPU PEKMUPUKAYUU MHOSOKOMNOHEHMHBIX CMecell ¢ Y4emoM 3a0aHHbIX mpebo8anuti K
Kayecmey noayyaemvix npooykmos pazoenenus. llpeonooicena u onucana pacyemuas Memoouxa, no3eoaaouas

SHAYUMENIbHO YNnpocmumnb npouedypy Onp60€ﬂ€HM}l MUHUMATTBHbIX d)ﬂeZMO@OZO uiu napoeoco wucei, a maxkace



COCMago8 OUCIUIAMA UIU OCIAMKA 8 PEANCUME MUHUMATLHO20 OPOULeHUST O CPABHEHUIO C U36ECTMHbIMU
cnocobamu.

KioueBble c10Ba: peKTUGUKAIMS, PEKTU(DUKAITUOHHAS KOJIOHHA, PeKUM MUHUMAJILHOTO OPOIICHUS,
MHOTOKOMITOHEHTHAsI CMECh, Pa3/ICICHUE CMECH, pacueT mpoliecca peKTU(HUKAIHH,

Ka4eCTBO MPOAYKTOB PEKTUPUKAIINH, 00IACTh MPEACIbHON KOHIICHTPAIHH.

DOI: 10.32935/0023-1169-2024-642-2 -8-12

T. V. Prokofieva, S. S. Kruglov Jr., S. S. Kruglov Sr., B. P. Tumanyan.

Gubkin University

A New Approach to Calculating Minimum Reflux Operation Mode

for Fractionation of Multicomponent Mixtures

The article discusses the most common analytical methods for calculating the parameters of the minimum reflux
operation mode during the fractionation of multicomponent mixtures, taking into account the specified requirements
for the distillation products quality. A calculation method is proposed and described that makes it possible to
significantly simplify the procedure for determining the minimum reflux or vapor ratios, as well as the compositions of
the distillate or residue in the minimum reflux operation mode

in comparison with known methods.

Key words: fractionation, fractionating column, minimum reflux operation mode, multicomponent mixture, mixture

separation, fractionation process calculation, fractionation products quality, limiting concentration area.

HU. A. Apxunoesa, E. I'. Ilempoea, A. B. /leonmuves, B. B. @aodees, C. B. 3aznaoosa, A. X. Kynyos

000 «PH-LIUP»

Arkhipoval A@rdc.rosneft.ru

N3yueHue BIUSIHUSA YCJIOBHUIi MPUTOTOBJIEHUS MPOMUTOYHOT0 PACTBOPA M TEPMOOOPAOOTKH

HA AKTHBHOCTH KATAJIN3aTOPOB I'HAPOOYMCTKH

H3yueno erusnue kawecmsa colpbs (kapbonama KoOarbma) u ycioull mepmooopabomxu Ha akmueHOCMs
xkamanuzamopos Co-Mo u Ni-Mo 6 cudpoouucmre cmecegoli ousenvroti ppaxyuu. Cmenenv uucmomst Kapoonama
Kobanbma u memnepamypa CuHmesa oOnpeoeison COCmas NPONUMoOYHO20 pacmeopd, 4mo 8 800 ouepeds Gusem Ha
akmugHoCcmb Kamanuzamopd. B kauecmee KOHMpons Kauecmea KapOoHama KoOAIbma nPeoioNCceH Memoo
CHEKMPOCKONUU KOMOUHAYUOHHO20 pacceanus. Bviasneno iuanue mepmoobpabomku Kamaiuzamopa

Ha e2o akmugenocmob. OOHaApYIHCEHO, Umo npedeibHble MeMnepamypsl NPOKAIUSAHUS O KAMAIU3AMOPO8

Co-Mo u Ni-Mo cunvro omauyaromcs.

KiroueBble cj10Ba: KaTanM3aTop THAPOOYUCTKH, MPOMUTOYHBIN paCTBOP, KapOOHAT KoOaJIbTa, TepMO0OpadoTKa,

IMMOJINaHNUOHBI, CIICKTPOCKOIIUA KOM6I/IHaLII/IOHHOF0 paccesinus, OGCCCepI/IBaHI/IG.

DOI: 10.32935/0023-1169-2024-642-2 -13-19

I. A. Arkhipova, E. G. Petrova, A. V. Leontev, V. V. Fadeev, S. V. Zaglyadova, A. H. Kuptsov.

United Research and Development Center LLC



The Influence of Impregnation Solution Preparation

and Heat Treatment Conditions on the Activity of Hydrotreating Catalysts

The influence of raw materials quality (cobalt carbonate) and heat treatment conditions on the activity of Co-Mo and
Ni-Mo hydrotreating catalysts for a mixed diesel fraction has been studied. The influence of cobalt carbonate quality
and the synthesis temperature on the properties of the impregnation solution is shown. The method of Raman
spectrometry is proposed as a quality control of cobalt carbonate. The influence of catalyst heat treatment on its
activity is revealed. It was found that the ultimate calcination temperatures for Co-Mo and Ni-Mo catalysts are very
different.

Key words: hydrotreating catalyst, impregnating solution, cobalt carbonate, calcination,

polyanions, Raman spectrum, desulfurization.

E. M. Cmupnos, M. H. Pybyoea, B. A. Bunokypos, K. A. Yepeonuuenko

PI'Y nedru u raza (HUY) umenu U. M. I'yOkuna

cherednichenko.k@gubkin.ru

HoBble KOMNO3UIMOHHBbIE MATEPHAJIbI HA OCHOBE 3AKPBITOSYEHCTOr0 NEeHONMOJINYypeTaHa

¥ MPOMPOIHBIX HAHOMATEPHATIOB

B pabome uzyuena 603modcHocms npumererusi npupoOHbIX HAHOMAMEPUANO8 (NPUPOOHBIX AFIOMOCUTUKAMHBIX
HAHOMPYOOK (eaniyazuma) u HAHOYEWLIIOA03bL) KAK MOOUPUYUPYIOuUX 000A80K K KOMMEPUECKOMY
NEeHONONUYPEMAHY ¢ YEbl0 APbUPOBAHUS 0SHEYCMOUYUBOCMU U MexaHuyeckux xapakmepucmux. Cepuu
KOMRO3UYUOHHBIX NEHONOJIUYPEMAHO08, COOEPHCAUUX PAZTIUUHBIE MACCOBbLE 00U MOOUDUYUPYIOWUX 000aBOK, DbLIU
nONyueHbl Memooom nonumepusayuu in situ. Mccnedosano enuanue 006a80Kk Ha CMpyKmypy neHonoIuypemaos,
coicumaemocms u ocneycmouuugocms. OOHapysiceno, 4mo esedenue 8 COCMas NeHonOIUYyPemanos 000asoxk
nPUBOOUM K U3MEHeHUI0 CpedHe20 pamepa nop U K ymeHnvuieHuio cacumaemocmu net. OOHaxKo nocie 00CmMudicenus
MaKCUMANbHOU JHCECMKOCIU KOMNOZUYUOHHBIX NeH OdlbHellulee YeenuieHue co0epiucanus 000aeKu npugooum K
pezpeccy 0aHHOU XapakmepucmuKky. Ycmanoeneno, 4mo ygeauvenue co0eprcanis 0006aoK Noai0HCUMenNbHO
CKA3b18aencs Ha 02HeYCMOUYUBOCHIU NOLYUEHHBIX KOMNOZUYUOHHBIX MAMEPUATOS.

KiroueBrble c10Ba: IEHOIOINYPETaH, IPUPOIHbIC HAHOMATEPHANIbI, FAJUTya3HT,

HaHOIIEIUTI0032, KOMITO3UIIMOHHBIE MaTepHabl, OTHEYCTOHYHUBOCTb.

DOI: 10.32935/0023-1169-2024-642-2 -20-23

E. M. Smirnov, M. I. Rubtsova, V. A. Vinokurov, K. A. Cherednichenko.

Gubkin University

New Composite Materials Based on Closed Cell Polyurethane Foam

and Pro-Nanomaterials: Improved Fire Resistance and Mechanical Stability

This study presents the feasibility of application of natural nanomaterials (natural aluminosilicate nanotubes
(halloysite) and nanocellulose) as modifying additives to commercial polyurethane foam in order to vary its fire
resistance and mechanical properties. Series of composite polyurethane foams containing different mass fractions of
modifying additives were obtained by in situ polymerization. The influence of additives on the structure of

polyurethane foams, compressibility and fire resistance was investigated. The introduction of additives into the



composition of polyurethane foams was found to change the average pore size and to decrease the compressibility of
foams. However, after reaching the maximum stiffness of composite foams, further increase in the content of additives
leads to regression of this characteristic. It is shown that the increase in the content of additives

has a positive effect on the fire resistance of the obtained composite materials.

Key words: polyurethane foam, natural nanomaterials, halloysite, nanocellulose, composite materials, fire

resistance.

I 3. Taiinynaun, I1. 0. Kazakosa', P. C. Ilasenvee?, I0. @. Yuprosa,

M. E. Cemenoe'?, M. A. Bapgponomees*

'Kazanckuii henepanbHbIil yHUBEPCHUTET,

2MucturyTt npobiaeM Hedtu u raza Cubupckoro otaenenus PAH, r. SkyTck,

rpavelyev@gmail.com

CpaBHeHUe IPOMOTHPYIOIEH AKTUBHOCTH aAMHI0B ITUJICHAUAMUHTETPAYCKYCHONH KHCJI0ThI

U HEKOTOPBIX AMMHOKHCJIOT B MIPOLeccaX HyK/JIealMi M POCTa THAPATOB MeTaHA M AUOKCHIA yIJIepoJa

B pabome dvina oyenena npomomupyrowas akmu8HOCMb AMud08 SmuieHouamunmempayckycrou kuciomot (3TA) u
AMUHOKUCTIOM 8 OMHOWEHUY 00PA308aAHUs 2UOPAMO8 MEMANA U Y2leKUc020 2asd. bonswiuncmeo uccnedyemuvix
coedunenuii 6 konyenmpayuu 0,05% mac. nokazanu cebs npomomopamu 06pazo8aHus 2UOPAMo8 Ha PasHvlX CMAOUsAX
npoyecca (Hykaeayusi, pocm), npu 3mom Qopmuposanus neHuvl e Had.1100aN0cs. Bvisgeneno, umo peazenm Ha 0cHoge
OATA u neviyuna s613emcs nPOMOMOPOM 00PA306ANUS KAK 2Uu0pama Memana, max u OUoKcuoa yenepood.

B cnyyae eudpama yenexucnoeo easza HaumeHvulee 8pems UHOYKYUU OKA3AN0Ch 0 coeounenuti I/[TA

C acnapaeunom (19 + 1 mun) u c yucmeunosoii kucromoui (29 = 1 mun), umo 6 1,7 u 2,5 paza menvute,

yem 0151 cucmemvl 6e3 000ABOK.

KioueBble cj10Ba: Ta30BbIC THAPATHL, METaH, JMOKCH]L YIIIEPOJIa, XpaHEHUE ra3a, KHHETHYeCKHE IPOMOTOPHI
ruapaTo00pa3oBaHus, aMUHOKHCIIOTHI, STHICHANAMUHTETPAYKCYCHAs KHCI0Ta

DOI: 10.32935/0023-1169-2024-642-2 -24-28

Sh. E. Gainullin, P. Yu. Kazakoval, R. S. Pavelyev?, Yu. F. Chirkova!, M. E. Semenov!?, M. A. Varfolomeev’.
1Kazan Federal University,

2Institute of Oil and Gas Problems, Siberian Branch of the Russian Academy of Sciences, Yakutsk

Comparison of the Promoting Activity of Amides of Ethylenediaminetetraacetic Acid and Some Amino Acids
In the Nucleation and Growth of Hydrates of Methane and Carbon Dioxide

This work evaluated the promoting activity amides of ethylenediaminetetraacetic acid (EDTA) with amino acids in
relation to the formation of methane and carbon dioxide hydrates. Most of the studied compounds promotes hydrate
formation at different stages of the process (nucleation, growth) at 0.05 mass%; no foaming was observed. It was
revealed that the reagent based on EDTA and leucine promotes the formation of methane and carbon dioxide hydrates.
In the case of carbon dioxide hydrate, the compounds EDTA with asparagine (19 £ 1 min) and cysteic acid (29 £ 1 min)
showed the shortest induction time, 1.7 and 2.5 times less than for the blank system.

Key words: gas hydrates, methane, carbon dioxide, gas storage, kinetic hydrate promoters, amino acids,

ethylenediaminetetraacetic acid.



I1. 0. Kazakoea, /l. O. I'ne3ounos, P. C. llagenves, E. P. Con, M. A. Bapgponomees.

Kazanckwmii penepanbHBI YyHUBEPCHUTET,

rpavelyev@gmail.com

HNHruouTopsl ruipaToo0pa3oBaHus HU3KOI J03UPOBKH HA OCHOBE

COMOJIMMEPOB MAJIEMHOBOT0 AHTHAPHU/IA ¢ H30NMPONMMIAKPUIAMHUIOM

H3yueno erusanue cononumepos Ha 0CHOBE MANEUHOB020 AHSUOPUOA HA NPoyecc 0OpA308aHUsL UOPATNA MEeMaH-
nponanosoll cmecu. B kauecmee co-monomepa 6vin gbibpan uzonponunakpuramuo. Peaxyuio nonumepuzayuu
NPOBOOUIU 8 NEMPOIEUHOM dhupe, 3amem YUK MAleuH08020 AHeUOPUOd paACKpPbl8Al ¢ UCHOIb30BAHUEM MAKUX
HYK1eo@un08 Kax OUOYMUIAMUH U OUIMAHOAAMUH. dacmb noayuenHbIX noauMepo8 npu KOHYEeHmpayuy

0,5% mac. npodemoHcmpuposana noHuiceHue memMnepamypvl Ha4ala cuopamoodpa3o6anus Ha ypogHe
KuHemuyecko2o uneubumopa 2uopamoobpaszosanus Luvicap EG, oonakxo xoneepcus 2asa 6 cuopam 6 ciyuae
npeoodceHHo20 peazeHma Ovlia evlute. Haunyuwuii pezynomam no nepeoxnaxicoeHuro noxkasan oopaszey c
NOBLIUEHHBIM COOEPHCAHUEM PpazmMenma U3oNpONULAKPUIAMUOA, 20e 8 Kauecee HYKAeouia UCnoab308a1u
oubymunamun. Haumenovuias xonsepcus 2aza 8 2uopam Habarooanidacs 0is ROIUMepPd ¢ NOBbIUEHHbIM COOepIICAHUEM
MAneuHo08020 pazmenma, packpvlmo2o maxaice OUOYmuidMuHOM.

KiioueBble ¢10Ba: Ta30BbIC THIPATHI, MOJICIb IPUPOJTHOTO ra3a, KHHETUYSCKUE MHTHOUTOPBI THPAaTOO0pa30BaHUs,
MOJTTMAJICaTHI.
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Low-Dosage Hydrate Inhibitors Based on Maleic Anhydride Copolymers

with Isopropylacrylamide

In this work, the effect of copolymers based on maleic anhydride on the formation of a methane-propane mixture hydrate
was studied. Isopropyl acrylamide was chosen as the co-monomer. The polymerization reaction was carried out in
N,N-dimethylformamide, then the maleic anhydride cycle was opened using nucleophiles such as dibutylamine and
diethanolamine. Some of the obtained polymers demonstrated hydrate onset supercooling similar to the commercial
kinetic hydrate inhibitor Luvicap EG at 0.5 mass% concentration. However, the water-to-hydrate conversion was higher
in the case of the proposed reagent. A sample with a high content of isopropyl acrylamide fragments with dibutylamine
as a nucleophile showed the best results in hydrate onset subcooling. The lowest water-to-hydrate conversion was
observed for a polymer with a high content of maleic fragment, also opened by dibutylamine.

Key words: gas hydrates, natural gas model, kinetic hydrate inhibitors, polymaleates.
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N3yyenue BAUsIHUSI IPOMOTOPOB HA MPOIECC 00Pa30BaHUs THAPATA MeTaHA

B CTATHYECKHX YCJIOBHIX

B oannoii pabome npedcmasienvt sxcnepumMeHmanibhvle UCCie008aHUs 00PA308aHUS 2UOPAMA MemAaHd

U3 3AMOPOIHCEHHBIX PACMEOPO8, COOEPAHCAUWUX MATOE KOTULECHBEO NPOMOMOPO8 (000eyuncyibham Hampus

U mpu-cynvuposantoe KACmoposoe Macio), 8 CMAMUYecKUx YCi08UsIx Memooom ougpgepenyuarvHoll ckanupyrouet
Kanopumempuu. Bvisgnennvie 3axonomepHocmu npomekanus (hazosuix NpespaujeHull 8 Usyyaemvlx yCao6usx
(Kpucmaniuzayus 160a u/unu 2udpama — cogMecmuoe niasienue 1b0a U 00pazosanue SUOpama), COBMeweHHvle ¢
suzyanusayuel GopmMupyrowuxcs 2UOPamos, NO360IUNU YCMAHOBUMb (PAKMOPbl, GAUAIOUUE HA UHIMEHCUBHOCHD
pocma suopama Memana npu RAAGIEHUN 1b0A. NPOMOKOL NOTYYEHUs 2UOPAMos (KOHMPOIb MeMnepamypbl

U 0asNeHuUsl Ha PA3HBLIX CMAOUSIX npoyecca) U CUld 83aumo0elicmeust KpUCmaiiumos 2uopamos opye ¢ opyeom

U CO CMeHKamu TelKu.

KiroueBble c10Ba: ra3oBble TUAPATHL, IUIABJICHHUE JIbJIa, METaH, IPOMOTOPHI, TU(epeHnanbHas CKaHUPYOLIast

KaJIODUMETPUSL.
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Effect of Promoters on Methane Hydrate Formation under Static Conditions

This paper studied the process of methane hydrate formation from frozen solutions containing small amounts of
promoters under static conditions using differential scanning calorimetry (DSC). The research revealed regularities of
phase transformations under the studied conditions (from ice and/or hydrate crystallization to joint ice melting and
hydrate formation). Coupling the DSC tests with visualization of the forming hydrates allowed the factors affecting the
growth rate of methane hydrate during ice melting to be established. These factors included the protocol for obtaining
hydrates, which involved temperature and pressure control at different stages of the process, and the force of interaction
of hydrate crystallites with each other and with cell walls.

Key words: gas hydrates, ice melting, methane, promoters, differential scanning calorimetry.
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HccienoBanue KUHETUKH JMCCONMALIMU ruapaTa TeTpadropiTtana Merogom SAMP-cnekTpockonuu

B pabome ucciedosan npoyecc ouccoyuayuu euopama 1,1,1,2-mempaghpmopsmana (ppeon-134a) memodom
umnyavcHozo AMP evicokoeo paspeutenus. DKCnepumMeHmalbHO YCMAanHos1eH Ou@Oy3uoHHO-KUHemuieCcKull xapaxmep
npoyecca, e2o Kunemuydeckue napamempsl (KOHCMAHMA CKOPOCMU U 8peMs NOJYNPESPAUEHIUs), a maKdice
0cobeHHoCcmu — cmaduUIU3aAYUs OCMAMOYHO20 SUOPAMa NPOOYKmamu e2o pasnodicenus. Ilokazano, umo oannwiil

agppexm 3HauUmMenbHo ocaabAemcs ¢ pOCMOM MEMNepamypul, d IHePIUs AKMUSAYUY OUCCOYUAYUU 2UOpama



@peona cpasuuma c maxKosoli 01 pa3noAHCeHUsi OMHOCUMENbHO YCIMOUYUBHIX NPU AMMOCHepHOM 0asieHUU
2uopamos.

KioueBble c1oBa: ra3oBblil rHApaT, AUCCOLMANNS THAPATA, KWHETHKA JUCCOLUAIINY,

Mozenb ABpamu — EpodeeBa — Koamoroposa, IMP-criekrpockornusi.
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Study of Kinetics of Tetrafluoroethane Hydrate Dissociation

Using NMR Spectroscopy

The article studies the process of 1,1,1,2-tetrafluoroethane (Freon-134a) hydrate dissociation by pulsed high-resolution
NMR. The diffusion-kinetic nature of the process, its kinetic parameters - the rate constant and the half-life time, as well
as the features — the stabilization of the residual hydrate by the products of its decomposition were experimentally
established. This effect is significantly weakened with increasing temperature, and the activation energy of freon hydrate
dissociation is comparable to that ones for the hydrates that are relatively stable at atmospheric pressure.

Key words: gas hydrate, hydrate dissociation, dissociation kinetics, Avrami—Erofeev—Kolmogorov model, NMR

spectroscopy.
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Knaccugpuxkayua memoooe cunmesa noauzuopoKcuIuposanHvix hyninepenos.

Yacms 2. Oonocmaouiinvle u MHOZ0CHAOUTIHbIE NPOUECCH

Buvinonnen ananus cywecmeyrowux memooos cunmesa noauSUOPOKCUTUPOBAHHBIX (DYILIePEeHO8 ¢ NPUMeHeHUEeM
NPAMO20 XUMUYECKO20 83AUMOOCUCMEUSs, A MAKIHCe ANbMEPHAMUBHBIX CNOC0O06 CO30AHUSL, C YETbIO GbISAGNEHUSL
ONMUMATLHBIX MEMOOUK NOIAYUEHUsL, OIS UX PeaTu3ayuul 8 PA3IUHbIX MeXHOI0SULeCKUX U OUOMEOUYUHCKUX
obnacmsx. Obobwena u Kiaccuuyuposana HAyUHAas IUmepamypa OaHHou cgepwvl uccredosanull. Jlana oyenka
IPHEeKMUSHOCIU U 803MOICHOCIU NPAKMUYECKO20 PEanu3ayuy paspadbomantbix Memooos CUHme3a Ha OCHOBAHUU
6CECMOPOHHE20 PACCMOMPEHUSL TUMEPAMYPHOU U NAMEHMHOU UHGOpMayu.

Karwuessle cioBa: QpysuiepeH, NOIUTHAPOKCHIMPOBAHHBIN QyiuiepeH, QyJuIepeHO, METOAbl CHHTE3A.
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Classification of Methods for the Synthesis of Polyhydroxylated Fullerenes. Part Il



A complete analysis of the existing methods of synthesis of polyhydroxylated fullerenes using direct chemical
interaction, as well as alternative methods of creation has been carried out in order to identify the optimal methods of
obtaining, for their implementation in various technological and biomedical fields. The scientific literature on this
field of research is summarized and classified, and a comparative assessment of the efficiency and feasibility of
practical implementation of the developed synthesis methods is given on the basis of a comprehensive review of
literature and patent documents.

Key words: fullerene, polyhydroxylated fullerene, fullerenol, synthesis methods.
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I'mapodopMuiupoBanue HU3MIUX 0JIe(PMHOB U MPUMEHEHHUE MPOAYKTOB OKCOCUHTE3A

Ha ocHoBe anbaern10B Cs—Cs B IPOU3BOJCTBE CJ0KHOI(PUPHBIX CMA304YHBIX MaceJl.

Yacts I1. PoaueBbie npouecchl ruipoGopMUIUMPOBaHus HU3IINX oJiepuHOB, pa3padoTanubie OO0 «PH-IIUP»
Onucanvl npoyeccovl R-OXO 2udpo@dopmunupo8anus Ha KOMIIEKCAX pooust ¢ (poCchumHubiMu 1ueanoamu,
paspabomannsie 8 OO0 «PH-LIHP» — npoyecc cenekmugno2o noayueHus H-6ymupans u3 nponuieHd

(R-OXO 1), npoyecc nonyuenus cmecu H- u uzobymupans 6 paguvix oonax (R-OXO II), npoyecc cenexkmugnozo
nonyueHus H-NeHManansi uz cmecu aunetinelx oymenos (R-OX0O I1l). Jano onucanue cxemuvl 2uOpOQOpMUIUPOSaAHUs
NPONUNIEHA C MEMOPAHHBIM OMOeIeHUEM KAMAIU3AMOopa Om majceavlx npooykmog peakyuu. [lposeden ananus
Hanpasienus ucnonb308aHust npodykmos oxcocurnmesa Cs—Cs 6 kauecmee colpbsi Oisl NOTYYEHUS

CILOACHOIPUPHBIX CMAZOUHBIX MATNEPUATOB

KiroueBsble ciioBa: TuapoopMITHpoBaHie, OKCOCHHTE3, ojieuHbl C2—C4, pOTUEBBIC KaTaIU3aTOPHI,

HEOTIOJIHOJTBI, CII0KHOA(UPHBIE CMa30YHbIE MaCIa.
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Hydroformylation of Low Molecular Olefins and Preparation of Oxosynthesis Products Based on C4—Cs
Aldehydes in the Production of Ester Lubricating Oils.

Part I1. Rhodium Catalyzed Hydroformylation of Low Molecular Olefins Developed

by United Research and Development Center

The processes of R-OXO hydroformylation on rhodium complexes with phosphite ligands developed by United
Research and Development Center are described — the process of selective production of n-butyral from propylene
(R-OXO 1), the process of obtaining a mixture of n- and isobutyral in equal parts (R-OXO II), the process of selective
production of n-pentanal from a mixture of linear butenes (R-OXO I11). The description of the scheme of
hydroformylation of propylene with membrane separation of the catalyst from heavy reaction products is discussed.
The analysis of the direction of using C3—Cs oxosynthesis products as raw materials for the production of ester
lubricants is carried out.

Key words: hydroformylation, oxosynthesis, olefins C2—C4, Rhodium catalysts, neopolyols, ester lubricants.
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