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3. B. Boowinésa', M. O. Anocmonoea’, I. I1. Jlakuenko',

A. M. Anexceesa'?, O. A. Iposcncun*?, E. B. Aumunoe*?
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Oco0enHocTH CHHTE3a PYHKIMOHAJIBHBIX YIJIEPOTHBIX MATEPHAJIOB

U3 PacTUTEIbHBIX YIJI€BOI0B

Paboma noceswena mexnonocuu noryueHus yenepoonslx Mamepuaios u3 Hauboiee pacnpocmpanesHux 8 npupooe
€axapos, 2noKo3bl U YeLnioN03bl. Xumuieckue NpespawieHuus caxapos 8 xooe KapooHu3ayuy Ovliu ucciedo8aHbl

€ NOMOWBI0 MepMOocpasumempuyecko2o anauza. Illoxazano, Kax vlOop npexypcopa u cnocod e2o npedodbpabomxu
GIUSAIOM HA CIPYKINYPY U MOPDONI02UI0 Yenepoonvix mamepuanos. Mopgonozus mamepuanos, noiyueHuvix

U3 npedoobpabomanHoll Ha 8030yXe 2II0KO3bl U YELI0N03bl, OMAUYAEMC KPYNHBIMU YACMUYAMU HepesyIapHOU
gopmul. B ceoro ouepedsb npedobpabomra caxapos 8 2u0OpOmMepMAaIbHbiX YCA0BUSIX NO3BOsem

ROIYYUMb MAMEPUATbl, COCIOAWUe U3 MUKpOCgep.

KiroueBble cjioBa: YTIIepOAHbIC MAaTCpHAJIbI, 6I/IOMaCCEl, TruapoTepMajibHAA Kap6OHI/I38,]_II/IH
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Z. V. Bobyleval, M. O. Apostoloval, G. P. Lakienko!, A. M. Alekseeval?, O. A. Drozhzhin'?, E. V. Antipov!?

! Lomonosov Moscow State University,

2Skolkovo Institute of Science and Technology

Features of the Synthesis of Functional Carbon Materials Produced from Carbohydrates

This work is devoted to the synthesis of carbon materials from the most common carbohydrates in nature, glucose and
cellulose. The chemical transformations of carbohydrates during carbonization were investigated using
thermogravimetric analysis and FTIR-spectroscopy. The influence of the precursor and the pretreatment process on
the structure and morphology of carbon materials was shown. The morphology of materials obtained from glucose
and cellulose pretreated in the air was characterized by large irregular particles. In turn, the pretreatment of
carbohydrates under hydrothermal conditions makes it possible to obtain materials consisting of microspheres.

Key words: carbon materials, char, hydrothermal carbonization.
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IlepepaGoTka NPpSIMOTOHHOI0 0€H3MHA HA MeIbCOAeP KalUX HEeOJTUTHBIX KaTaJanu3aropax

B cmamve npedcmasnenst peyriomamol uccied08anull no nepepadomre NPAMO2OHHOU OeH3UHO080U ppaKkyuu Hedhmu
Ha yeoaume cmpykmypnozo muna ZSM-5 u medvcodepoicauyux yeorumHuix Kamanusamopax, noay4eHHvIX

€20 cMeeHueM ¢ HaHOPAIMEPHBIM NOPOWKOM Medu. Tlokazana 3a6Ucumocms KUCIOMHBIX CGOUCME U AKMUBHOCU
YeonUmHbIX Kamaaiu3amopos om co0epHCAHUs 8 HUX HAHONOPOUKA MeOU.

KmoueBble caoBa: 1iconut ZSM-5, HaHOIOPOIIIOK MU, KUCIIOTHOCTb, MPSIMOTOHHBINA OCH3HH.
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L. M. Velichkina, A. V. Vosmerikov

Institute of Petroleum Chemistry SB RAS

Processing of Straight-Run Gasoline over Copper-Containing Zeolite Catalysts

The results of investigations of the processing of straight-run gasoline fraction of oil over a zeolite of ZSM-5
structural type and copper-containing zeolite catalysts are presented. The copper-containing zeolite catalysts are
resulted from the mixing of a ZSM-5 zeolite with a nanosized copper powder. It is shown that the acidic properties
and activity of zeolite catalysts depend on the content of copper nanopowder in these catalysts.

Key words: ZSM-5 zeolite, copper nanopowder, acidity, straight-run gasoline.
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OnbIT pa3pabdoTKH U MPOU3BOACTBA MPOMBIILIEHHOT0 KATAIN3aTOPA THAPOOYHCTKHA

CMeCeBbIX IH3eJbHbIX (paKuui

B cmamve npeocmasnenvl pesynrvmamul npogedeniis pecypCHviX UCHbIMAHUL HOB020 KATHAIUIAMOPA
2UOPOOYUCIKU cMece8blx OuzeabHulx gpaxyuti komnanuu 11AO «Iaznpom neghmuvy. Ilposedena cpagnumenvras
OYEeHKA IKCHITYAMAYUOHHBIX CEOUCME pA3pAOOMAHHO20 KAMAAUZAMOPA U UMHOPMHO20 AHAL02A.
Tloomeepoicoeno 8 NPOMbBILUIEHHBIX YCI08UAX COOMBEMCMBUE KAYecmed U Xapakmepucmux poCcCculiCKko2o
Kamanusamopa MuposbiM Cmanoapman.

KiroueBsble ci10Ba: THAPOOUNCTKA, KATAIN3aTOpP, NU3eTIbHAs (Ppakius, cMeceBOe ChIphe, pECYPCHBIE HCITBITAHMSI.
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The Experience of the Development and Manufacturing of Diesel Hydrotreating Catalyst



The article presents the results of life tests of a new catalyst for hydrotreating mixed diesel fractions by Gazprom Neft
PJSC. Technologies for optimizing the processing of carbon-containing raw materials, a comparative assessment of
the operational properties of the developed catalyst and the imported analog was carried out. The conformity of the
quality and characteristics of the Russian catalyst to the level of world standards has been confirmed in industrial
conditions.

Key words: hydrotreating, catalyst, diesel fraction, blended feedstock, life tests.
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CuHTe3 U HCcIeI0BaHHE KATATUTHYECKOH AKTHBHOCTH CMEIIAaHHBIX OKCH/I0B IUHKA U JKeJie3a

JUIS TUAPOTEPMAJILHOIO 00JIaropaskKuBaHus TaKeJa0i HeTH

Yemanosneno enusinue MonvHo2o coomuouenus kamuonos Zn>*/Fe** 6 npedwecmeennuxax 060tinbix 2udpoxcudos
Ha cmpoenue oxkcudos Zn—Fe cmewannozo gpazosozo cocmasa. C ygenuuenuem cOOMHOULEHUSI KAMUOHO8 MEMAILIO8
c 1:1 00 1:4, 6 cocmase cmewannvix oxcuoos Zn—Fe, cocmoswux uz ZnO u Fe30a, chusicaemes konuuecmeo
cnodicHbIX oKkcud08 ZnkFe2Q4, obnadarowux uzomopghnoii wnunenvrou cmpyxkmypot. C ygenuuenuem y0eabHou
nosepxnocmu ¢ 27,075 0o 34,556 m?/2 snauenus ouamempa nop 23,8 um ocmaiomest nocmosunvimu. IIpedcmasnenv
Ppe3yIbmamol UCCAEO08AHUI GNUSHUSL COCMABA U CIMPYKIMYPbL CMEUIAHHBIX 0KCUO08 Zn—Fe na komnonenmuwitl cocmas
msaddCenol He(hmu HAPMEHOAPOMAMULECKO20 OCHOBAHUS 8 X00€ ee 001a20paNCUBAHUS 8 2UOPOMEPMATLHOM (ioude
npu memnepamype 380 °C u oasnenuu 22 MIlla. Makcumanvroe ysenuierue coOepiIcanus HACbIUJeHHbIX
V2ne8000p0008 HA (hone 3aMEeMHO20 YMEHbUEHUs KOIUYeCm8d achanbmeHos XapaKmepHo 071 2U0pPOmMepMaiIbHO
npeobpazo8antoll Heghmu 8 NPUCYMCMEUU CMEUAHHBIX 0KcUud08 Zn-Fe (1:4), npu smom ysenuyusaemcs
cooepoicanue H-arkarnos C10—Cia.

KirueBble cjioBa: CHUHTE3, THAPOTEPMAIIBHOC BO3I[€IZCTBPIC, CMCIIaHHBIC OKCH/IbI, CBEPXBA3Kas HE(I)TL.
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A. I. Lakhova, S. M. Petrov

Kazan National Research Technological University

Synthesis and Study of Catalytic Activity of Mixed Oxides of Zinc and Iron for Hydrothermal Refining of
Heavy Oil

The effect of the molar ratio of metal cations Zn?*/Fe3* in precursors of double hydroxides on the structure of Zn-Fe
oxides of mixed phase composition has been established. With an increase in the ratio of metal cations from 1: 1 to 1:
4, in the composition of Zn-Fe mixed oxides consisting of oxides ZnO and FezQO4, the amount of complex oxides
ZnFe204 with an isomorphic spinel structure decreases, with an increase in the specific surface area from 27.075 to
34.556 m?/d the pore diameter values of 23.8 nm remain constant. The results of experimental studies of the effect of
the composition and structure of Zn-Fe mixed oxides on the component composition of heavy oil of naphthenic
aromatic base during its upgrading in a hydrothermal fluid at a temperature of 380°C and a pressure of 22 MPa are

presented. The maximum increase in the content of saturated hydrocarbons against the background of a noticeable



decrease in the amount of asphaltenes is characteristic of hydrothermally converted oil in the presence of mixed
oxides Zn-Fe (1: 4), the content of n-alkanes of the composition C10—C14 increases.

Key words: synthesis, hydrothermal treatment, mixed oxides, heavy crude oil.
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'Bcepoccuiicknii HayYHO-HCCIIENOBATENBCKUM HHCTHTYT UCTIOIb30BAHMS TEXHUKH

1 He(hTEMPOOYKTOB B CETLCKOM X03s1iicTBe, I'. TamO0B

2BopoHeKCKHI TOCY1apCTBEHHbIN arpapHbIil YHUBEPCHTET MMEHHU umneparopa Ilerpa I,

SMuuypHHCKHii TOCYIapCTBEHHBIH arpapHblil yHUBEPCUTET

viitinlab8 @bk.ru

HccnenoBanus mo o4ncTKe padorawuero MOTOPHOIo MacJja

U CHCTEMBI CMa3KH OT 3arpsA3HeHH I

Hcnonvzosanue monaue u macen ¢ OMKIOHEHUAMY OM MPebOSaHull CmaHoapmos npueooUm K HaKONAEHUIo 8 Macie u
Ha Oemaiusix 08ueamenst OMA0HCEHUL, KOMOPbIE CHUNCAIOM CPOK CLYAHCObI CEENCE3ANPABNIEHHO20 MACAA U YXYOULAIOm
axcnayamayuortole xapaxkmepucmuxu mawun. K 150-200 vacam napabomxu Macio cmano8umcs MaionpueoOHbim K
UCHONBL30BAHUIO, YMO YEEAUUUBAEI USHOC Oemaiell U 3ampamsyl Ha PeMOHM U dKcnayamayuio. B pesynomame
NPOBEOEHHBIX UCCIEO0BAHUIL YCIMAHOBILEHO, YMO 2YOOKASL OYUCIKA C UCNONB308AHUEM PEazeHinog No360a5em
yoanums pacmeopenuvle ¢ macie 3azpasuenus. Ckoazyiuposasuiuecs 3azpsasHeHus 8 npoyecce KpamkoCcpoyHou
pabomvi 08ucameris 0CaiCOAIOMCs 8 BCMPOEHHBIX 8 CUCTNEMY CMA3KU yeHmpugyeax. Mcnonvzosanue peazenmos
N03605€M OYUWAMb He MOAbKO MACI0, HO U 00ecneyusams NPOMbIEKY CUCEMbl CMA3KU.

KaroueBsble c10Ba: MOTOPHOE Maciio, OYHCTKA, IBUTATENb, IPOMBIBKA CHCTEMBI CMa3KH, KOMIIPECCHS, PACX0]]

TOILJIMBA.
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Research on Cleaning Operating Engine Oil and Lubrication System from Contaminations

The use of fuels and oils with deviations from the standards leads to the accumulation of deposits in the oil and on
engine parts, which will reduce the life of the freshly filled oil and reduce the performance of the machines. By
150-200 hours of operation, the oil becomes unsuitable for use, which increases the wear of parts and the cost of
repair and operation. As a result of the studies carried out, it was found that deep cleaning with the use of reagents
allows you to remove contaminants dissolved in the oil. The coagulated contaminants during the short-term operation
of the engine are deposited in the centrifuges built into the lubrication system. The use of reagents allows you to clean
not only the oil, but also to provide flushing of the lubrication system.

Key words: engine oil, pollution, cleaning, engine, flushing of the lubrication system, compression, fuel consumption.
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I'uapoTepMaibHOE MPeodpa30BaHNe OPrAaHNYECKOT0 BEleCTBA KAPOOHATHOI MOPOALI BOIN3M KPUTHYECKOH
TOYKH BOJABI

B pabome uccredosanvl 3axonomeprocmu npeodopaz08anus OpeaHuUiecKo2o 6euecmea KpeMHUCHOo-2IUHUCIOU
KapOoHamuo nopoovl 6 2uopomepmaibHom gaioude npu memnepamype 340-380°C u daenenuu 17-20 Mlla.
Yemanoeaneno, umo 6 cuopomepmanvrom aroude ¢ uzbbIMKOM 80006l C y8enudeHueM memnepamypsl U 0aieHus

8 KapboHamHou nopoode, codepaicaujeli OpeanuUiecKoe 8eujecmso, OOMUHUPYIOM PEAKYUU OKUCTIEHUs C HAKONIEeHUEeM
apomMamuyecKux y2nee000pooos, CMoi U acgharomenos. I1okazanvl 3a8UCUMOCIU 2E0XUMUYECKUX NAPAMEMPO8
Y211e6000P0008 (IKCMPAKMO8) KAPOOHAMHOU NOPOJbL OM MEMNEPAMypPbl U OAGNIeHUsL 2UOPOMEPMATLHO20 Gaouda.
OnmumansHuIMu mepmobapuvecKumu napamempamu 2uoOpomepmMaIbHo2o gaouda 07 KapooHamuou

nopoovwl sensiromes 340°C u 17 Mlla, 8 0anuvix ycio8usx npoucxooum ygeiuvenue Koauvecmed Hepmsanvlx
1271e6000p0008 HA (POHE CHUNCEHUS COOEPHCAHUS OPLAHUYECKO20 Beueced, Y8eutusaemcs Ouamemp nop,
obpazytomces muxkponopwl. Ilonyuentvle sKCnepumMeHmanibHble OaHHble BHOCAM 8KIAO 8 pa3gumue MmexHo102ull
paspabdomru KapooOHAMHbIX NOPOO.

KioueBble cioBa: KapOOHATHBIE MTOPOJIBI, OPraHMYECKOE BELIECTBO, THAPOTEPMANIbHBIE (PIIOUIBL,

9KCTPAKIHS, HEPTSIHBIE YTIIEBOIOPOIBI.
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Hydrothermal Conversion of Organic Matter of Carbonate Rock near the Critical Water Point

The paper presents the results of comparative studies to identify the regularities of the transformation of organic
matter in a siliceous-clayey carbonate rock in a hydrothermal fluid at temperatures of 340-380°C and pressures of
17-20 MPa. It was found that in a hydrothermal fluid with an excess of water with increasing temperature and
pressure in a carbonate rock containing organic matter, oxidation reactions dominate with the accumulation of
aromatic hydrocarbons, resins, and asphaltenes. The dependences of the values of the geochemical parameters of
hydrocarbons (extracts) of carbonate rock on the temperature and pressure of the hydrothermal fluid are shown. The
optimal thermobaric parameters of a hydrothermal fluid for a carbonate rock are 340°C and 17 MPa; under these
conditions, the amount of petroleum hydrocarbons increases against the background of a decrease in the content of
organic matter, the pore diameter increases, and micropores are formed. The obtained experimental data contribute
to the development of technologies for the development of carbonate rocks.

Key words: carbonate rocks, organic matter, hydrothermal fluids, extraction, petroleum hydrocarbons.
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dopMupoBaHNe KOOAIBTCOAEPKALMUX JUCIEPCUIi B dKUIKOMETAUINYECKUX cpeaax

Boinu cpopmuposansr kobansmeooepacawue oucnepcuu Ha 0CHOGe 0A06a, GUCMYMA, 2ANNUA U CHAABA BUCMYT/OJI08O.
Ycemanoesneno enusnue npupoost OUCnEpCUOHHOU cpedbl Ha hopmuposarue Kobarbmcooepaicaujeli OUCNepCHoU (hasbl.
Toxazano enuanue cnocoba 8sedeHus: KOOATLMCOOEPAHCAUe20 KOMNOHEHMA HA CIMAOUTLHOCTHD OUCTIEPCUL.

H3yueno erusanue KonyeHmpayuu pacmeopa npeKypcopa Ha pamep 4acmuy okcuoa Kooaisma, 00pasyrouuxcs

npu ghopmuposanuu oucnepcHol cucmemsl. Iloxazana npunyUNUATLHAS BO3MONCHOCb 00PA3068AHUS
Kamanumu4eckux cucmem Ha oCHoge 2auius ¢ pazmepom wacmuy om 450-540 um.

KuioueBble cjioBa: )KHIKHEC METAJUTBI, KaTaIHN3 B UCIEPCHBIX (pa3ax, KOOAIBTCOAEPIKAIITUE TUCTICPCUH.
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M. S. Gridinal, 0. V. Burmistrov', M. I. lvantsov?, M. A. Gubanov?, A. A. Pimenov!

1Samara State Technical University,

2A. V. Topchiev Institute of Petrochemical Synthesis, RAS

Formation of Cobalt-Containing Dispersions in Liquid-Metal Systems

Cobalt-containing dispersions were formed based on tin, bismuth, gallium, and a bismuth / tin alloy. The effect of the
nature of the dispersion medium on the formation of the cobalt-containing dispersed phase has been established. The
effect of the method of introducing the cobalt-containing component on the stability of the dispersion is shown. The
effect of the concentration of the precursor solution on the size of cobalt oxide particles formed during the formation
of a dispersed system has been studied. The fundamental possibility of the formation of catalytic systems based on
gallium with a particle size of 450-540 nm is showns.

Key words: liquid metals, catalysis in dispersed phases, cobalt-containing dispersions.
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TepMoagunaMu4ecKHii aHAJIN3 peaKlNii CHHTEe3a MPOAYKTOB He)Tera30XuMuu U3 OKCHI€HATOB

Ilposeden mepmoounamuyeckull anaius peaxkyuii npespaujeHuss OUMemun08020 3Pupa 6 yeHuvie npooyKmol
Hegmezazoxumuu, 8 4HacMHocmu nponuiena, popmanvoecuoa, 1,3-o6ymaouena. Onpedenena memnepamypHas
3A6UCUMOCHIb PAGHOBECHO20 COCABA peakyuu noayuenus 1,3-6ymaduena uz oumemunosoeo sghupa. Pacuem
MEMNEPAMYPHOU 3a8UCUMOCTU KOHYEHMPAYUL PABHOBECHO20 COCMABA PEaKyuu 83auMo0elicCmausi NPOnuieHa
¢ ghopmanvoezudom ¢ obpazosanuem: 1,3-ouoxcana, 1,3-o6ymanouona u 2-oymen-1-ona nokasau, ymo 0CHOBHbIM
nPOOYKMOM Npu pagHogecuu agnsemcs 2-oymen-1-oi.

KiioueBble c10Ba: OKCUIEHATHI, TEPMOJAMHAMUKA, 1,3-0OyTaaueH, npomnuieH, opManbieru, peakius [IpuHca.
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Thermodynamic Analysis Reactions Synthesis Valuable Products Petrochemiscals from Oxygenates

A thermodynamic analysis of the products of the transformation of dimethyl ether into valuable products, in
particular, propylene, formaldehyde, 1,3-butadiene, has been carried out. The temperature dependence of the
equilibrium formation of the reaction of 1,3-butadiene from dimethyl ether has been determined. Calculation of the
temperature dependence of the equilibrium coefficient of the conversion coefficient of propylene with formdehyde with
the formation of 1,3-dioxane, 1,3-butanediol and 2-buten-1-ol showed that the basic product in equilibrium is
2-buten-1-ol.

Key words: oxygenates, 1,3-butadiene, propylene, formaldehyde, Prince reaction.

b. M. Anuxywun, I1. I'. Jlacymun, A. M. Kanoéemoea, A. A. Hosukoe, B. A. Bunoxkypoe

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

novikov.a@gubkin.ru

J3eTa-nmoTeHnMag HAaHOPa3MePHBIX YAaCTHUII LEJLTI0JI03bI Kak (pyHKknus pH

B nacmosawet pabome nonyuensi oucnepcuy HAHOPAIMEPHBIX YACTNUY YEILTI0L03bL U OnpedeieH

ux 0zema-nomenyuan npu PH om 1 0o 14. Yemanosneno, umo nanogubpuniapuas yennonoza (H®OL]) coxpansem
ceoumernmayuounyro ycmouuusocmo npu PH om 3 0o 11. llpu smom H®L], nonyyennasn kuciomuou obpabomkou
¢ 2omoeenuzayuell, umeenm MaKkCUMAaibHbil 0zema-nomenyuai oxkono —62 mB npu pH = 6. H®OL], nonyuennas
OKUCIUMENbHOU 00pabomKOll ¢ 20Mo2eHu3ayuell, umeem MaKkCUMAlbHblli 03ema-nomerHyuail okono —46 uB

npu pH = 7. Hanoxkpucmaniuueckas yeinono3a, OayUeHHas OKUCIUMENbHOU 00pabomKoll ¢ 20MO2eHU3ayuel,
coxpamnsiem ceOumMeHmayuoHnyio ycmouiuueocms npu PH om 4 0o 11 u umeem maxcumaivuviil

O0sema-nomenyuan okono —(3 mB npu pH = 4.

KioueBble c10Ba: HAHOLIGILTIONO3a, THAPOTEIh, CTAOMILHOCTh TUCIIEPCUH, KOATYJISIHS, KHCIOTHOCTb.
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Zeta Potential of Cellulose Nanoparticles as a Function of pH

In this work, we obtained dispersions of nanosized cellulose particles and measured the zeta potential of particles at
pH from 1 to 14. It was found that CNF retains sedimentation stability at pH from 3 to 11. At the same time, CNF
obtained by acid treatment with homogenization has the maximum zeta potential about -62 mV at pH = 6. CNF
obtained by oxidative treatment with homogenization has a maximum zeta potential of about -46 mV at pH = 7. CNC
obtained by oxidative treatment with homogenization retains sedimentation stability at pH from 4 to 11 and has a
maximum zeta potential of about -73 mV at pH =4.

Key words: nanocellulose, hydrogel, dispersion stability, coagulation, acidity.
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MogaeanpoBaHue HHTEHCU(UIHPOBAHHBIX TEIVIOOOMEHHUKOB C Pa3JIHYHOM BA3KOCTBIO Cpejl

Hns pewenus 3a0au MooepHu3ayuLU NPOMbIUIEHHBIX YCMAHOBOK NOJIYYeHUs HeMAHbIX paKyull Ha OCHOGe
npumMenenus npUOIUNHCEHHO20 MemMo0a MOOEIUPOBAHUS NEPEHOCA UMNYIbCA U MENIOMbl 8 Meni000MEeHHbIX
annapamax ¢ no6epxHOCMHbIMU UHMEHCUDUKAMOPAMU NOTYUEHbL 8bIPACEHUS 0TI CPEOHUX KOIPPUYUEHMO8 mPeHUs.
u mennoomoayu. Mcnonvszosana mooens mypoyieHmno2o noepanuyno2o cios Haiiccnepa u Ban-/puiicma

07151 hyHKYUU MYPOYIeHMHOU 853KOCMU 01 NIOCKOU 2nadkou cmenku. C npumeneHuem euopoouHamusecKoll
ananoeuu Yunmona — Konvboprna nonyueno svipasicenue oas yucia CmaHmona u HOKA3aHO CO2NACOBAHUE

¢ uzeecmnou ananocuel. Ipu nepexooe Kk MOOEIUPOBGAHUIO NEPEHOCA UMNYTbCA U MENTIOMbL 6 KAHANAX

€ NOGEPXHOCMHBIMU UHMEHCUPUKAMOPAMU UCNONb306AHbI UOEHMUUHBIE TOKATbHBIE CEOUCEA MYPOYIEHMHO20
0BUDICEHUS 8 NOZPAHUYHOM CI0€ HA NIACMUHE U 8 NPUCHEHHOM Cloe mpy0bl, a MaKdice C80UCMEa KOHCEPEaAmUHOCMU
3aKOHO8 MPEHUsL U MENT00OMEHA K BO3MYUWEHUAM, KOMOopble yuumuleéaromces napamvempuyecku. Ha ocnose
QUCCUNAMUBHOU MOOENU NOJLYHEHbL 8bIPANCEHUSL OISl CPEOHE20 KACAMENbHO20 HANPSICEHUs 8 KAHANAX C
unmencuguxamopamu u wucia Hyccenoma. Ilpedcmagnenuvl pe3yivmamsl pacyemos u CPaAGHeHUsl € U36eCMHbIMU
9IKCHEPUMEHMATLHBIMU UCCIEO0BAHUAMU ONIsL MPYO C NHOBEPXHOCMHBIMU NPOGOJIOYHBIMU 6CHABKAMU, CO CRUPATbHBIM
opebpenuemM u NPAMOY2OAbHBIMU 8bICIYRAMU 0I5l MPAHCHOPMAMOPHO20 MACIA NPpYU 3HAYeHUAX yucaa Pelinonvoca
200 < Re <2000. Ycmanosenena adexeamunocms paspabomantot Mamemamuyeckol Mooenu 8 WupoKom uHmepeae
DEIHCUMHBIX U KOHCMPYKMUBHBIX NAPAMEMPO8 U MENA0PUIULECKUX CEOUCINE HCUOKUX U 2A308bIX CPEO.

Hanwi npumepsl npumMeHeHus MamemMamuieckol Mooenu npu npoeKmuposanuy. menio00MeHHUKO8

Ha pekmu@ukayuoHHuIX ycmanogkax 6 Poccuu u 3a pybesicom.

KioueBbie c/10B: TETIIOOOMEH, MaTeMaTnieckas MOJIesIb, TOBEPXHOCTHBIC HHTEHCH(DUKATOPHI, MOJICPHU3AIINS
anmnaparos.
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Modeling of Intensified Heat Exchangers with Different Fluid Viscosities

Equations are derived for mean friction and heat transfer coefficients to solve problems of updating industrial plants
for getting oil fractions based on application of approximate method of modeling momentum and heat transfer in heat
exchangers with surface intensifiers. The Dyssler and Van-Driest turbulent boundary-layer model is used for the
turbulent viscosity function for a flat smooth wall. An equation for the Stanton number is written using
Chilton-Colborne hydrodynamic analogy and agreement with the known analogy is shown. Identical local
properties of turbulent motion in a boundary layer on a plate and in a near-wall layer of a tube and the conservative
properties of the laws of friction and heat transfer to turbulences, which are taken account of parametrically, are used
for modeling momentum and heat transfer in channels with surface intensifiers. An equation for mean tangential
stress in channels with intensifiers and, further, an equation for the Nusselt number is derived using a dissipative
model. The results of calculations and comparison with the known experimental investigations are given for tubes

with surface wire inserts, with spiral finning and rectangular projections for transformer oil at Reynolds numbers 200



< Re <2000. Thus, the adequacy of the developed mathematical model is proved in a wide range of operating and
design parameters and thermophysical properties of fluids and gases. Further, the hydraulic resistance of the channel
is the key experimental information about the object of modeling. Examples of use of mathematical model for
designing and commissioning heat exchangers in petroleum fuels fractionating plants at industrial enterprises in the
Russian Federation and abroad are given.

Key words: heat exchange, mathematical model, surface intensifiers, equipment updating, fuel production.
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TepMoanHaAMHMYECKUI aHAJIN3 YepeayIolecs MUKINYeCKOH 3aKaYKH Mapa u JbIMOBBIX Fa30B

Ha npuMepe TAxKeJbIX HedTeilt Koymoun

B cmamve na npumepe 0odviuu msicenvix negpmeii Konymouu npugooumcst oyenka mepmoouHamudeckKux
noxaszamerneil 3gppexmusrocmu 000pYO08aHUs 0N YUKTULECKOU YepedyIouelicsl 3aKayKy 6005IH020 Napa U ObLMOGLIX
23308 ¢ Yenbio NOBbILULEHUS He(hmeomoayu MeCmopoICOeHUl U peuieHus NPUPoO0OXPAHHBIX 3A0aH.
Paccmampusaemoe obopydosanue npedcmasieno 08yms NOOCUCMEMAMU. 2EHePAYUL 800SIHO20 NAPA U CHCATNUSL
0bIMOgbIX 2a3086. [lapamempol dHepeoHocumenell 8blOUPAIUC, UCX005L U3 2TYOUHBL 3aae2aHUsi 000bIEAIOUUX
KOJLIEKMOPO8 U IKCHEePUMEHMANIbHBIX OAHHBIX, NPEOOCMABLEHHbIX 3apybexcubim napmuepom. Tepmoounamuueckuii
AHANU3 NPedYCMAMPUBAL OYEHKY NOMEPb IKCePeUU KaK OMOEIbHO HO NOOCUCIEMAM, MAK U 8 PENCUME UX
coemecmHoul pabomul 01151 0OecneyeHuss YUKIuieckou yepedyouetics 3axaixu azenmos. Ilpu smom
PACCMAmMpuganucy paziuynvle COOMHOUEHUs BPEMEHI 3aKAYKU 800IHO20 NAPA K ObLMOSbIM 2A3aM, NPUGEOeHHbIe K
NAMUOHEBHOMY YUKTY. YCmano81eHo, 4umo dHep2odphexmusHoCcms coemMecmHoll pabomul noocucmem, onpedensemas
MUHUMATLHBIMU CYMMAPHBIMU HOMEPAMU IKCEP2UU, NPUBOOUM K OUAMEMPATIbHO NPOMUBONONONCHBIM PE3VIbMAmMaM,
KOmopbie 3a8UCAm 0Mm mo20, KAKOU UCTOYHUK JIeKMPOIHEPSUU UCHONIbIYEMCA: YeHMPATU308aHHbIU UNU HA OCHO8E
Mmecmuot eenepayuu. Coenarn 61800 0 HE0OX0OUMOCMU OONOTHUMb MEPMOOUHAMUYECKUL AHATUZ IKOHOMUYECKOU
OYEHKOU NepeMeHHOU 4acmuy nPusedeHHbIX 3ampam Ha pearusayuio npoyecca YUKIUYecKou uepeoyouetics 3aKkayKu
6005HO20 NAPA U OLIMOBBIX 24308, KOMOPAs NOKA3ANA, YN0 ONMUMATbHLIM MEXHUYECKUM peuieHUeM A61Aemcs
DPENCUM 3AKAUKU C COOMHOUIeHUEM 8PEeMEHU 3AKAUKU Napa U ObIMOBbIX 24308, pasHuim 4,5:0,5, 6 namuouesHom yuxie
NpU UCHOIB30BAHUU DIEKMPOIHEPSUU U3 YEHMPATUZOBAHHBIX UCTIOYHUKOS.

KiroueBble ci1oBa: TshKenas HeTh, BOASHOH map, I5IMOBBIC Ta3bl, 3kceprernueckuii KI1/1,

MATHIHEBHBIN LUK, YepeaYIOas 3aKayKa, IPUBEICHHBIC 3aTPAThI.
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Thermodynamic Analysis of Alternating Steam and Flue Gas Injection Process

in Application to Heavy Oil Fields in Colombia



This paper presents the thermodynamic analysis of the cyclic steam and flue gas injection process in application to
heavy oil production for Colombian oilfields in order to improve oil recovery as well as reduce the environmental
impact. The process comprises two subsystems: the steam generation subsystem and flue gas compression process.
Working fluid parameters were selected based on the depth of the producing wells and the experimental data provided
for Colombian oilfields. As part of the thermodynamic analysis, exergy losses were calculated for the subsystems
operating separately as well as together in the cyclic flue gas-steam alternating injection process. The analysis was
conducted for varying ratio between the duration and steam and flue gas injection over a five-day cycle. Is was
determined that the efficiency of the subsystems operating together in the process (which is achieved by minimizing
the total exergy losses) is drastically different depending on whether centralized power or local power generation is
used for energy supply. It was concluded that an economic analysis is required in addition to the thermodynamic
analysis. The varying part of the relative costs for the cyclic steam-flue gas injection process was assessed and it was
shown that the optimal solution would be steam-flue gas injection with an injection ratio of 4.5:0.5 (for a five-day
cycle) that uses a centralized power source.

Key words: heavy oil, water vapor, flue gases, exergy, exergy efficiency, five-day cycle, alternating injection,

unit costs.
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