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H. A. ITusosaposa, A. C. I'pasxcoanuyesa, I. B. Bracoea, B. M. Konocos

AcTpaxaHCKUW roCcy1apCTBEHHBIN TEXHUYECKUA YHUBEPCUTET,

E-mail: nadpivov@live.ru

BansiHe MArHUTHOTO MOJISI HA Pe3yJIbTAThI ATMOC(EPHOIT MEPErOHKH CTA0MIHHOT0 Ta30BOT0 KOHIEHCaTa
Paccmompenwvt sapuanmer npedsapumenvHol n0O20MOBKU CMAOUTLHO20 2A308020 KOHOECHCAMA € YELbio YEeNUdeHUs
6b1X00A CEEMIBIX PAKYULL U YIYUUIEHUS KA4eCcmea NPOOYKYUU HA YCMAHOBKAX NepeudHoll nepepabomxu. M3yueno
BIUSHUE NPEOSAPUMENBHO20 8030€UCMBUS NOCOAHHO20 MASHUMHO20 NOJISL 8 OUHAMUYECKOM pexcume i purbmpayuu
uepe3 unbmp ¢ MUMAHOBbIMU BONOKHAMU HA OUCNEPCHYIO0 CIMPYKIMYPY CbIPbs, 8bIX00 U KAYeCcmeo NpooyKmos npu
ammocgheproti nepecoHKe CMabuIbHO20 24308020 KoHOeHcama. Ilokasano, umo eo3odeticmauem MAZHUMHO20 HOA
8b1X00 ceem.blx paxyuil eozpacmaem na 4—13% mac. 6 3asucumocmu om MAHUMHOU UHOYKYUU, A C NOCTedyIouel
Gurempayueti — na 7-16% mac. Ipu smom oxkmanosoe uucio ben3unosol paxyuu noonumaemes Ha 4—10 nynkmos,
a Koxcyemocms ocmamka ymenvwiaemcs 8 1,1—1,7 paza 8 3agucumocmu om eapuanma npeogapumenbHou 0opadbomku
2azokonoerncama. Ilocne 8030eticmeusi MasHUMHBIM HOJLEM NOBbIUAETNC OUCHEPCHOCHb CUCHEMbL, YO
NOJOAHCUMENbHO CKA3bIBACMCS HA 8bIX00€ U Kauecmaee npoo0yKmos ammocepHoll nepecoHKu.

KiioueBble c10Ba: CTAOWIBHBIN ra30BbIi KOHJIEHCAT, TOCTOSTHHOE MarHUTHOE I10JIE, BBIXOJ] CBETIIBIX (PpaKini,
aTMoc(epHas eperoHka, KayeCcTBO MPOIYKIUH, TUCIIEPCHAs CUCTEMa, MEXaHUYEeCKHE TPUMECH, CPEIHUIN pa3Mep

JacCTHUL, KOKCYEMOCTb, OKTaAaHOBOEC YUCJIO.

N. A. Pivovarova, A. S. Grazhdantseva, G. V. Vlasova, and V. M. Kolosov.

Effect of Magnetic Field on Atmospheric Distillation of Stable Gas Condensate

Variants of preliminary preparation of stable gas condensate are studied to increase light fractions yield and improve
products quality in primary processing plants. The effect of preliminary impact of a steady magnetic field in dynamic
mode and filtration through a filter with titanium fibres on the disperse structure of the feedstock and the yield and
quality of the products obtained by atmospheric distillation of stable gas condensate is investigated. It is shown that
the yield of light fractions can be increased by 4-13 wt. % by the impact of a magnetic field, depending on the
magnetic induction, and by 7-16% by subsequent filtration. In this regard, the octane rating of the gasoline cut
increases 4-10 points and coking of the residue decreases 1.1-1.7 folds, depending on the preliminary gas condensate
processing variant. The dispersity of the system increases upon impact of the magnetic field, which produces a
salubrious effect on the yield and quality of the atmospheric distillation products.

Key words: stable gas condensate, steady magnetic field, yield of light fractions, atmospheric distillation, products

quality, disperse system, mechanical impurities, average particle size, coking, octane rating.

U. C. Xomakos, A. M. I'opuikoe

Hauvonanbuslii uccnenoBatenbckuil TOMCKUN NOJUTEXHUYECKUM YHUBEPCUTET

E-mail: Khomyakov_i.s@mail.ru

Bausinue Y®-akTuBanuu MOAU(GUIUPOBAHHBIX HEOJUTHBIX KATAJIH3ATOPOB HA UX (PU3HKO-XUMHYECKHUE U

KAaTaJIUTH4YeCKHEe CBOMCTBA B npouecce moJay4eHusi BbICOKOOKTAHOBBIX KOMIIOHEHTOB 0OE€H3HUHOB



Hcenedosano snusnue Y D-00nyuenus XeCl-skcunamnvl Ha gpuzuxo-xumuieckue u Kamaaumuieckue ceolcmea
svicokokpemHuesemuvix yeoaumos muna MFI, moouduyuposannvix cemepononucoedunenusimu 6orvghpamo-

u MoaubOeHoguCMymama Kooaibma, 8 npoyecce NOJYYeHUs: 8bICOKOOKMAHOBbIX KOMNOHEHMO8 MOMOPHBIX MONIUS.
Iloxasano, umo ucnonvbsosanue 6 kavecmse moouguyupyioweti dobasxu 1% mac. cemepononucoeounenus
sonvbghpamosucmymama kobanoma u akmusayus Y P-obnyuenuem 6 mevenuu 24 mun no3eosaiom yeeiudums
KOHYEHMPayuio KUCJIOMHbBIX YeHMPO8 NO CPABHEHUIO C UCXOOHBIM Yeoaumom Ha 76%, evixoo apenoe na 4—13% mac. u
OKMAaHo8oe 4ucio npodykmos na 2—3 nynkma. Ycmanoenerno, umo Y @-oo6nyuenue Mooupuyupo8anHvix yeoiumos
NPUBOOUM K YEeTUUeHUIO KOHYEHMPAYUlU KUCTOMHBIX YeHMPO8 U YMEHbULEHUIO A0COPOYUOHHOU eMKOCIU U YOeTbHOU
NOBEPXHOCMU.

Kawuesrbie cioBa: Y ®-001yuenue, rereponoanucoenHenus, neoiaut tuna MFI, apomarudeckue yrieBonoposl,

HpHMOFOHHLIﬁ 6€H3I/IH, BBICOKOOKTAHOBBIC KOMIIOHCHTHI.

I. S. Khomiyakov and A. M. Gorshkov.

Influence of UV Activation of Modified Zeolite Catalysts

on Their Physicochemical and Catalytic Properties in the Process

of Getting High-Octane Gasoline Components

The influence of XeCl-excilamp UV radiation on the physicochemical and catalytic properties of MFI-type high-silica
zeolites modified by cobalt tungsten-bismuthate and cobalt molybdenum-bismuthate heteropolycompounds in the
process of getting high-octane motor fuel components is studied. It is shown that addition of 1 wt. % of cobalt
tungsten-bismuthate heteropolycompound and activation by UV radiation for 24 min increase concentration of acid
centers by 76%, arenes yield by 4-13 wt. %, and octane rating of the products by 2-3 points in comparison with the
original zeolite. It is established that UV radiation of modified zeolites leads to an increase in acid center
concentration and to a decrease in adsorption capacity and specific surface area.

Key words: UV radiation, heteropolycompounds, MFI-type zeolite, aromatic hydrocarbons, arenes,

straight-run gasolines, high-octane components.

A. II. Tnomoe', H. C. Jleswaxoe', M. H. Apmemosa', E. M. Cmupnoea’, A. B. Bymonxuna?, C. B. JIvicenxo®
PT'Y uedru u raza um. U. M. I'yGkuna,

2MoOCKOBCKHii rocy1apcTBEHHBIN yHUBepcuTeT uM. M. B. JlomoHOCOBa,

E-mail: glotov.a@gubkin.ru

Cepononm:xaroniye 100aBKH HA OCHOBe aJioMocuaIukaToB Al-SBA-15 u Al-SBA-16

K KaTaJu3aTopaM KpeKHHra

Cunme3supogansi cepononudicaiowue 000a8KU K Kamaiu3amopam Kpekunea Ha 0CHO8e Me30N0PUCTbIX
aniomocunuxamos muna Al-SBA-15 u Al-SBA-16. Mamepuanwt uccieoosansvt memooamu: UK-Dypve
CNeKmpOCcKonuel, npoceeyusaiowell deKmpoHHo MUKPOCKONUell, HUSKOmeMnepamypHou aocopoyueii/oecopoyuetl
asoma, MepmMonpoOSPamMmMuposantol decopoyueti ammuaxa. Ilpogedenvl kamarumuyeckue IKCHEPUMEHIMbL C
UCHONBL30BAHUEM NPOMBIUIEHHO20 YEOTUTNCOOEPHCAULe20 PABHOBECHO20 KAMANU3AMOPA KPEKUuHea U 000asKu 6

rkonuwecmee 10% om maccol Kamajauzamopa. HoxaaaHo, Umo noJjiy4eHHble mamepuaibl nposeiAom adKmueHoCcmys 6



obeccepusanuu HCUOKUX NPOOYKMOS Kamaiumuueckoeo Kkpekunea. Mcnoavsosanue oobasku cocmasa 3% La-Al-SBA-
15/A1203 (50:50) npusooum k crHudiceHuI0 Koau4ecmaa cepol 8 HCUOKUX NpoOyKmax Kpekunaa Ha 36% no cpagrenuio ¢
IMUM dice noKazamesnem, NOJIYYEHHbIM HA NPOMBIUIEHHOM Kamaauzamope 6e3 000asKu.

KioueBble c10Ba: CEPONOHIKAIOIINE TOOABKH, KATATUTHICCKUN KPEKUHT, ME30TIOPHCTHIE OKCHJIBI KPEMHHUS,

BAaKyYMHBII ra3oiib.

A. P. Glotov, N. S. Levshakov, M. I. Artemova, E. M. Smirnova, A. V. Vutolkina, and S. V. Lysenko.

Sulfur Reducing Additives Based on AI-SBA-15 and Al-Sha-16 Alumosilicates

to Cracking Catalysts

Sulfur reducing additives based on mesoporous aluminosilicates Al-SBA-15 and Al-SBA-16 to fluid catalytic cracking
(FCC) catalysts were synthesized and characterized by IR-Fourier spectroscopic, TEM, BET, and NH3-TPD
techniques. All additives in the amount of 10 wt. % of the commercial FCC catalyst were tested on a laboratory MAT
(microactivity test) cracking unit. It was found that all the additives are highly active in reducing sulfur in liquid
catalytic cracking products. Use of 3% La-Al-SBA-15/Al.03 (50/50) additives to the catalyst lead to sulfur content
reduction in liquid cracking products by 36% compared with a commercial catalyst with no additive.

Key words: sulfur reducing additives, catalytic cracking, mesoporous silicon oxides, vacuum gas oil.

B. B. Ocmpuxoé’, B. H. Buzooposuu**, B. B. Cagponoé?, A. Il. Kapmowixun®

'Bcepoccuiicknii HayuHO-HCCIEN0BATEILCKHIA HHCTUTYT UCHIONIB30BAHUS TEXHUKH

1 He()TEMPOOYKTOB B CENILCKOM X03s1iicTBe, I'. TamMOO0B,

2CapaToBCKUii roCyIapCTBEHHBI arpapHblii yHuBepcuteT uM. H. Y. Basuiiosa,

3Cankr-IleTepOyprekuii rocy1apcTBEHHBIM arpapHblii yHUBEPCHUTET,

*TamMOOBCKHIi rOCY1apCTBEHHBII TEXHMYECKHH YHUBEPCUTET,

E-mail: viitinlab8@bk.ru

Pa3pa0oTka TeXHOJOIrHYECKOIo NMpoLecca U COCTaBa MPOMBIBOYHOT0 MacJia VISl AU3eJbHBIX IBUTaTeJIel
Paccmompena o3mosrcnocms ucnonv3068anus MOMOPHLIX MAcei, pabomarowux 6 08Uamensx, 6 Kaiecmee 0CHOGbL
NPOMBIGOUHBIX NPOOYKMOG. 1Ipednodcen mexnonro2udeckull npoyecc o4ucmKy pabomaroweco 3aepa3zHeHHO20
MOMOPHO20 Macna be3 e2o ciuea uz Kapmepa 0eu2amens ¢ nocaedyiouum 000a6IeHUEM 6 He20 A2eHmMO8,
CHOCOOCMBYIOUWUX YOANIeHUIO OMAONACEHUL ¢ Oemainel YUIUHOPO-NOPWHEBO 2PYNNbl. Y CManoeneno, umo
UCHONBL30BAHUE 8 KAYECMEE A2eHMO8 MOHOIMAHONAMUHA U U30ONPONAHONA NO360AAEM YKPYNHUMb YACMUYbL CMOJL U
acghanemenos 00 pazmepoe 1e2Ko YOaiaemMblx 6CMPOEHHIMU 8 CUCIEMY CMA3KU 08USAMENS CPeOCTNEAMU OYUCTIKU.
Onpedeneno, umo nociedyroujee 0obasienue 8 ouuerHoe, pabomasuiee 8 Ogueamesne MOMOPHoOe MAClo
OUMEMULCYTLGOKCUOA & CMECU € YA CRUPUMOM NO38OSEIN OYUCIUMb 0emAany 08U2amensi Om CMOJ, Ha2apoes,
NOBbICUMb KOMAPECCUIO U CHUZUMb PACX00 MONJUBA.

KioueBble c10Ba: MPOMBIBOYHOE MAacjo, COCTaB, paboTaBliee Macio, OUUCTKAa, MOHOATaHOJIAMUH, U30TPOIIAHO,

TUMETHICYIb(QOKCHI, KOMIIPECCHS, PacXOJ TOTLTHBA.



V. V. Ostrikov, V. 1. Vigdorovich, V. V. Safonov, and A. P. Kartoshkin.

Development of a Technological Process and Composition

of Flushing Oil for Diesel Engines

The feasibility of use of motor oils in engines as the base of flushing products is explored. A technological process is
proposed for cleaning working fouled motor oil without draining it out from the engine crankcase and subsequent
addition to it of agents that facilitate removal of deposits from the cylinder-piston group parts. It is shown that resin
and asphaltene particles can the enlarged by using monoethanolamine and isopropanol as agents to sizes that are
easily removable by cleaning agents integrated into the engine lubrication system. It is determined that subsequent
addition of dimethyl sulfoxide blended with white spirit to cleaned motor oil used in the engine makes it possible to
remove resins and tars from engine parts, raise compression, and reduce fuel consumption.

Key words: flushing oil, composition, used oil, cleaning, monoethanolamine, isopropanol, dimethyl sulfoxide,

compression, fuel consumption.

In /[3cun

Department of Vehicle Engineering, Army Academy, Taiwan,

E-mail: sugarest.tw@yahoo.com.tw

Biansinue cocTaBa TONJIMBHOM CMeCH C 100aBKaM# OHOTOIJINBA HA 3(PPEeKTHBHOCTH IKCILTYATAIINH ABUTATENS
BHYTPEHHET0 CTOPAHHSA U COCTAB BHIXJIONMHBIX I'a30B

B oannou pabome uccnedosana aghgexmuenocms ucnonb3068anus MonIUGHLIX cMecell ¢ 000a8KaMU OUOMONIUEA
(mMemanona, 6ymanona u 3mMaroa) 0as OU3eIbHO20 08U2amesis ¢ mypooHad0y8oM, 6 CPAGHEHUU C OUULYEHHbIM
OU3ETLHBIM MONAUBOM C YIbMPAHUSKUM cOOeparcanuem cepol. Hccnedosanvl xapaxmepucmuky 08usameist U cOCmag
sbixa0nHbIx 2a306. Codepacanue ObLMOBbIX 24308 8 BbIXJIONE NPU UCNONb308AHUU MONAUBA, codepicauie2o 2% mac.
Memanoaa, 6ymaHona uiy Smanona, chuxcailoco Ha 4,15, 5,8 u 8,89%, coomseemcmeeHnno, no cpasrHenuio ¢
OYUWYEHHBIM OU3ETbHBIM MONIUBOM, YMO 00BACHACMCA OMCYMCMEUeM 8 cocmase OUOMONIUBA Cepbl U CEPHOT
KUCTIOM®bI.

KroueBble cj10Ba: IU3CIbHBIN JABHUIaTClIb, 6I/IOTOHJ'II/IBO, MCTaHOJI.

De-Xing Peng.

Effect of Biofuels (Methanol, Ethanol, And Butanol) on Internal Combustion

Engine Performance and Exhaust Emissions

Biofuels, derived from renewable biological resources, are universally recognized as viable alternatives to fossil fuels
for powering automotive internal combustion engines. In this study, fuels blended with biofuels (methanol, butanol or
ethanol) and pure ultra-low-sulfur oils were used in a turbocharged diesel engine to test its performance and exhaust
emission compositions. It was found that addition of 2 wt. % of methanol, butanol or ethanol to fuel blends reduced
exhaust emissions on average by 4.15, 5.8, and 8.89%, respectively, when compared with ultra-low-sulfur fuels. The
reason for the reduced emission is absence of sulfur and sulfuric acid in the biofuel blends.

Key words: diesel engine, biofuel, methanol, ethanol, butanol, low-sulfur oil.



9. A. Anexcanopoea’, b.JI. Anexcanopos', JK. T. Xaoucoeda?, b. E. Kpacasuee®

IKy6anckuii rocynapcTBeHHbIH arpapHblii yauBepcuteT uM. U.T. Tpy6ununa,

["po3HEHCKHIi rocy1apcTBEHHBIN HEPTAHON TexHUUEeCKUit yHuBepeuTeT uM. M. JI. MUIIIMOHIIUKOBA,
3000 «IOxHbII momoc», T. KpornoTkuH,

E-mail: bor11111@list.ru

CTpyKTYpHO-MeXaHMYeCKHe CBOICTBA Napa(puHOBBLIX KOMIO3UIUH

Hccneoosanwt deghopmayuonno-npouHocmHule (NPOYHOCMb U NAACMUYHOCIb) U OUIamoMempuiecKue
(KoHmpaxyusi unu 00veMHAs YCAOKa) C8OUCMEA DUHAPHBIX KOMROZUYUL MEepO020 nuweso2o napaguna I1-1
¢ yepezunamu 1]-65, 1]-80, 1]-85, sockamu u msaekumu napagunamu. Illocmpoenst ouazspammovl coOCMOSHUS
ce0ticmeo — cocmas. Ycmarnosnenvl (hyHKYUOHANbHbIE 3A8UCUMOCIU IMUX CBOUCTE OM COOEPIHCAHUSL
Mooughuyupyroueco KOMnOHeHma 6 KOMno3uyusax ¢ napaguuom I11-1.

Knroueswie cnosa: nedptsanoit napaduH, 1iepe3rH, BOCK, KOMIIO3HIIMOHHBIE CMECH, COCTAB, IPOYHOCTb, TUIACTUYHOCTb,

o0beMHas ycaJIka.

E. A. Aleksandrova, B. L. Aleksandrov,

Zh. T. Khadisova, and B. E. Krasavtsev.

Structural and Mechanical Properties of Paraffin Wax Composites

The deformation-strength (strength and plasticity) and dilatometric (contraction or volume shrinkage) properties
of binary composites of solid edible paraffin wax P-1 with ceresins C-65, C-80, and C-85, waxes, and soft paraffin
waxes are studied. Diagrams of property—composition state are constructed. The functional dependencies of these
properties on the content of modifying components in the composites with paraffin wax P-1 are established.

Key words: petroleum paraffin/wax, ceresin, wax, composite blends, composition, strength, plasticity, volume

shrinkage.

U. 1. C. Canux, H. H. Myxamamounos, 3. U. I'apugpynnuna, A. B. Baxun

Kazanckuit (IlpuBomkckuil) ¢penepanbHbIi yHUBEPCUTET

E-mail: mc-gross@mail.ru

N3yyenue ppakuuoHHOr0 cocTaBa acGaJbTeHOB THKEIOr0 YIIeBOJOPOJAHOIO CHIPbS

Hccneoosanwt ppaxyuu acghanbmenos, gvloenennvie U3 06pa3y08 blCoK06a3KUX Heghpmetl AuanbyuHcKo20
mecmopoocoenus (Tamapcman), mecmopoocoenus boxa de Xapyro (Pecnybauxa Kyba), mecmopooicoenust Taxs
(KHP), a maxoice obpasya oxuciennoz2o ooposictozo oumyma mapku BH/ 50/70 npouszeoocmsea OAO « TAUD-HK».
Tonyuenwt namo gpaxyuii acghanrbmernos Oannwvlx Hegpmeti u HehmenpoOyKmos MemoooM CIyReHYamou IKCmpaKyuu
paAcmeopumensmMu pa3iuiHo20 CoOCmasa U pacmeopsarowell CUbl. Y cmaHnoesnenvl sapuayuu GpaKkyuoHHo20 cocmasa
acganvmenos 011 Hehmetl paziuiHoOU NPUPOObL U NPOOYKMA, NOOBEPSHYMO20 3a800CKol nepepabomie. OnpedeneHul
cnekmpanvuvie K03 duyuenmst no oanuvim UK-cnekmpockonuu omoenbHuix Opakyul, Xapaxmepusyrouux
CMPYKMYPHO-2PYNNOBOL COCMAB8 00BEKMO8 UCCIe008AHUSL.

KiwueBrble ciioBa: HeTSHBIE JUCIIEPCHBIE CUCTEMBI, CIIOKHAS CTPYKTYPHAS €JMHULA, BEICOKOBS3Kast HEPTh,

JOPOXHBINA OUTYM, Ppakuuonuposanue, MK-cnexrpockonus.



I. Sh. S. Salih, I. I. Mukhamatdinov, E. I. Garifullina, and A. V. Vakhin.

Study of Fractional Composition of Asphaltenes in Hydrocarbon Material

Asphaltene fractions extracted from samples of high-viscosity Ashal’cha (Tatarstan), Boka de Haruko (Cuba), and Tahe
(China) deposits and a sample of oxidized road asphalt of the trademark BND 50/70 produced by OAO TAIF-HK (OJSC
Tatar-American Investments and Finanaces, Nizhnekamsk) were studied. Five asphaltene fractions of these crude oils
and oil products were obtained by step-by-step extraction with solvents of various compositions and dissolving powers.
The fractional composition of asphaltenes from oil of diverse nature and a product submitted to refinery processing were
found to vary. Spectral coefficients were determined from the IR spectroscopic data for individual fractions
characterizing the structural-group composition of the studied objects.

Key words: crude oil disperse systems, complex structural unit, heavy crude oil, road asphalt, fractionation, IR

spectroscopy.
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CuHTe3 ¥ HCCIeA0BaHNE ITHICHIIHKOJIEBBIX Y(PUPOB CHHTETHYECKUX HEPTAHBIX KHCJIOT

B KavecTBe 100aBOK K JAN3eJIbHOMY TOIJIUBY

C ucnonvzosanuem CUHMEMUYECKUX He(ﬁm}lelx Kucaom u SMuleneiuKoNA CURME3UPOBAHbL CIIOJCHbLE Bd)upbl.
Omepugurayus npogedena 8 peaxmopax paziuyHo20 muna 6 NPUCYMCmMeUU NPOMbIULIEHHO20 Kamaiu3amopa
Leoxap-600. Hccnedosamnvl pusuxo-xumuueckue ce0tcmea CUHMe3UpOBAHHBIX IPUPO8 1 KOMNAYHOO8 HA OCHOBe
ouzenvroll pakyuu ¢ cooepacanuem 5 u 10%. [loxkazana 803MOACHOCHb UCTIOTB308AHUSL NOLYHEHHBIX IPUPOS
6 Kauecmee 006a60K K OU3ETbHLIM MONAUBAM C YETbIO VIYYUEHUs UX IKCHTYAMAYUOHHBIX XAPAKMEPUCUK
KioueBble c10Ba: TU3EIbHOE TOTUTUBO, )XUAKO(a3HOE OKUCIIEHHE, CHHTETUIEeCKHEe He()TSHbIE KHCIIOTHI,

STUIIEHTIIUKOIB, [leokap-600.

L. M. Efendieva, V. M. Abbasov, L. I. Alieva, and L.G. Nuriev.

Synthesis and Study of Ethylene Glycol Esters of Synthetic Petroleum Acids

as Diesel Fuel Additives

Esters were synthesized using synthetic petroleum acids and ethylene glycol. The esterification was carried out in
various types of reactor in the presence of commercial Zeokar-600 catalyst. The physicochemical properties of the
synthesized esters and of compounds based on 5 and 10% of diesel fraction were studied. It is shown that the
obtained esters can be used as additives to diesel fuels to improve their performance properties.

Key words: diesel fuel, liquid-phase oxidation, synthetic petroleum acids, ethylene glycol, Zeokar-600 catalyst.
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Oco0ennoctu ¢pazoBoro papHoBecusi cMeceii yriaesoaopoaos C1—Cs ¢ a3oTtom

B cmamwe paccmompenvi 6onpocel (hazo06020 pasrnosecus OUHAPHBIX cMecell Memana, SMand u nPONaHa ¢ a30Mmom.
Toxaszano, umo cmecu yene6o0opodos ¢ az0moM, 6 3aGUCUMOCIU ON COOMHOUEHUSL KOMNOHEHMO8 U
MepmMoOapuiecKux napamempos, Mo2ynm nposigisims cebs KaK cMecu 3aumMHO PACMBEOPUMBIX KOMNOHEHMO8, MAK U
cMecu YacmuyHo pacmeopuMblx KOMROHeHmMos. Pacuemuvim nymem onpeoenenvl 001acmu Cyuecmeo8anus
mpexghasnvlx cucmem stcudkocmo (1) — socuokocmo (2) — eaz. [lonyuennvie pesyivmamol UMEIOM 8ANCHOE 3HAYECHUE
ApU NPOEKMUPOBAHUL U MOOEPHUZAYUU MEXHOTIOSUYECKUX NPOYECCO8 NPOUZBOOCHBA CHCUNCEHHO2O NPUPOOHO20 2a3d.

KiroueBsble ci10Ba: CXMKSHHBIN IPUPOIHBIN Ta3, (pasoBoe paBHOBECHE.

E. B. Fedorova, V. B. Mel’nikov, V. A. Zavorotniy. R. I. Mendgaziev

Distinctive Features of Phase Equilibrium of C1—C3s Hydrocarbon and Nitrogen Mixtures

This article dwells on the issues of phase equilibrium of binary mixtures of methane, ethane, or propane with nitrogen.
It is shown that mixtures of the hydrocarbons with nitrogen may occur, depending on the ratio of the components and
the thermobaric parameters, as both mixtures of mutually soluble components and mixtures of partially soluble
components. The areas of existence of liquid—liquid—gas three-phase systems are determined by calculation.

The obtained results are of great importance in LNG process designing and modernization.

Key words: liquefied natural gas, phase equilibrium.
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DOu3NKO-XUMHYECKHE MEXAHU3MbI OKHCJIeHUs JIerkoii HedTH npu 100b14e

U3 BBICOKOTEMIIEPATYPHBIX HU3KONPOHHUIIAEMBIX IJIACTOB

s pazpabomku 3anacoe Hepmu HUZKONPOHUYAEMBIX MeCopodcoerull TiomeHcKol ceumbl (8epXHss 10pa)
NpeoIoAHCEHO UCNONb308AMb COUEMAHUE MHO20CMAOULIHO20 eU0pOopaA3pbled NIACMa U 3aKa4Ky 8030VXd 8bICOKO20
oasnenust. Ilpu sHympuniacmosoi mpaucgopmayuu 6030yxa 3a ciem OKUCieHus: Hepmu 0opazyemcsi 3¢hghexmuemwiii
UHEpMHDBIL 2a306bll aceHm. H3yuen mMexanuzm asmooxucienus Hepmu u 0OHapycena ciabas 3a6UcUMocmy
CKOPOCMU OKUCIEHUsL OM C8OUCME Hedmu.

KiioueBble c10Ba: aBTOOKUCIIEHUE He(DTH, HU3KOIPOHUIIAEMBIH TIIACT, TIOMEHCKas CBUTA,

MCTO/] 3aKa4YKH1 BO3/1yXa BBICOKOI'O JIaBJICHHUA, CMCIIMBAIOUICCCA BBITCCHCHUEC He(l)TI/I ra3oM.

P. A. Gushchin, S. V. Antonov, A. S. Mishin, I. V. Khamidullina, Yu. F. Gushchina, and V. N. Khlebnikov.
Physicochemical Mechanisms of Light Oil Oxidation during Extraction

from High-Temperature Low-Permeability Oil Reservoirs

Use of a combination of multistage hydrofracking and high-pressure air injection is proposed for developing

low-permeability oil deposits of the Tyumen Suite (Upper Jurassic). An effective inert gaseous agent is formed during



intrastratal transformation of the air due to oxidation of the oil. The mechanism of autooxidation of oil was studied
and a weak dependence of oxidation rate on oil properties was observed.
Key words: autooxidation, low-permeability reservoir, Tyumen suite, high-pressure air injection technique,

mixing displacement of oil by gas.

Guili Liu, Shaopeng Guo, Zhichang Liu
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HccnenoBanue KHHETHKH KATAJMTHYECKOT0 KPEKHHTa H-TeNITAHA B IPUCYTCTBUHU CPETHENOPHCTOTO
MEJKOKPUCTAINYECKOT0 KATAJIM3aTOPa HA OCHOBeE 1eojuTa ZSM-5

Lenvio pabomel aensiemcs ucciedo8anue Mexanusma KpeKuned H-eenmand 8 NPUCymcmeue cpeoHenopucmozo
MENKOKPUCIANIUYECK020 Kamanusamopa na basze yeoauma ZSM-5 u pazpabomka kunemuyeckou Mooenu Mexanusma
mepmuyeckoll u kamaiumuyeckou peakyuil. Kamanuzamop na 6ase yeonuma ZSM-5 obradaem evicoxoti
Kamanumu4eckou akmueHOCmbio 0Jis peaKyuu Kamaiumuyeckoeo Kpekunea N-2enmanda, cmaduibHOCmvio u
spemenem dicusnu. Ilocmpoenue kunemuueckotl mooenu exkaiouaem 6 ceos 12 xumuueckux sewecms u 11 peaxyutl.
Ilpedckazanuvie Ha 0OCHOBe MOOeNU 3HAYEHUS NAPAMEMPOE HAXOOSMCS 8 XOPOUEM COOMEEMCMBUL C
IKCNEPUMEHMATLHLIMU OAHHBIMU, NPU IMOM CPEOHSsE OMHOCUMENbHASL NOSPEUHOCTb HO OCHOBHBIM NPOOYKMAM

He npesviwana 10%. Mooenv noxazana xopouiee cCOOMemMCmeue pacCUumaHnHbLX 3HAYEeHUL 8bIX00d KOHEYHO20
nPOOYKMaA ¢ OAHHBIMU IKCHEPUMEHMA O/ KAMATUMUYECKO20 KpeKuHea N-2enmana.

OCHOBHbBIE TEPMHHBI: CPETHETIOPUCTHIN KaTaIu3aTop, KaTAINTHYECKHI KPEKHHT, KHHETUYeCKasi MOJIC)b, H-TeNTaH,

OTUJICH, IIPOIHNJIICH.

Guili Liu, Shaopeng Guo, Zhichang Liu.

State Key Laboratory of Heavy Oil Processing, China University of Petroleum

Kinetic Study of Catalytic Cracking of N-Heptane on a ZSM-5

Based Mesoporous Catalyst with Small Crystal Size

The cracking performance of n-heptane on a ZSM-5 based mesoporous catalyst with small crystal size was
investigated for the first time and a novel kinetic model was constructed taking account of both the thermal and
catalytic reaction mechanisms. The ZSM-5 based mesoporous catalyst with small crystal size had stable activity, a
long lifetime, and high catalytic activity for n-heptane catalytic cracking. The kinetic model included 12 substances
and 11 reactions. The experimental data were obtained at reaction temperatures of 600, 620, 640 and 660°C, and the
reaction rate constants were estimated by genetic algorithm regression analysis. The pre-exponential factors and
apparent activation energies were subsequently calculated using Arrhenius formula. The predicted values of the
model were in good agreement with the experimental data, and the average relative errors for the main products were
below 10%. The determination coefficients of ethene and propene were close to 1. Model validation indicated that
the model is effective particularly for predicting the product yields of n-heptane catalytic cracking.

Key words: mesoporous catalyst, catalytic cracking, kinetic modeling, n-heptane, ethene, propene.
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HoBblif moaxo K pacyery pacTBOPUMOCTH BOJbI B HE(TH ¢ coAep:kaHHeM ac(PajibTeHOBOH (ppakumnu
Cmenens pacmeopenus 800bl 6 cMecu Hedhmb — 6004 GIUACTN HA NAPAMEMPb] MEYeHUs CMeCU 8 pe3epsyapax u
mpybonposodax. [{nsa pacuema pacmeopumocmu 600vl 8 Hehmu ¢ codeparcanuem acharbmenosol ppaxyuu npu
PA3TUYHBIX 3HAUEHUSX MEMNEPAmypuvl U 0a6ieHUs ObLL NPUMEHeH Memo0 MHO20CMAOUIIHO20 UMNYTbCHO20 UCHAPEHUSL.
s mooenuposanusi 06pazoeanisi B000POOHBIX CE3eU MeAHCOY MOAECKYAAMU 800bL U NOJISIPHBIMU MOJEKYIAMU
acghanbmenos uCOIbL308aMU YPAGHEHUE COCNOSHUL MPEembe2o NOPSAOKA. DKCHEPUMEHMATbHbIE OaHHbLE
pacmeopumocmu 800bl 071 Hemwvlpex 00pa3yo8 He@mu noOMmeepOUsU MOYHOCHb NPEOJIOHNCEHHOU MEMOOUKU.
Peszynomamul nokasanu, umo cpeonee abCcomomnHoe OMKIOHEHUE MeHCOY IKCHEPUMEHMALbHBIMU U PACCUHUMAHHBIMU
BHAYEHUAMU MOJAPHOU 00U 800blL 8 Hedhmu 6 ouanazone memnepamyp 452—557 K ne npesviiuaem 0,04673.

Kpome moeo, daunviii memoo nossonsem o0vACHUMb NOCMENeH bl nepexo0 800bl U3 PACMBOPEHHO20 COCMOAHUSA
NpU 8bICOKUX MEMNEPAMYPAX 8 COCMOAHUE IMYIbCUL NpU 60lee HUSKUX.

OcHoBbBIBE TepMHHBI: acaibTeHbl, HeThb, PACTBOPHUMOCTE BOBI, yPABHEHHUE COCTOSIHUS, MOJICIUPOBAHHE.

Xia Wu, Wenlong Jia, Daoguang Yang, and Qiang Luo.

New Approaches to Calculation of Water Solubility in Oil Containing Asphaltenes

The degree of water dissolution in oil affects the flow behavior of oil/water mixtures in reservoirs and pipes. We used
the multiphase flash algorithm to calculate water solubility in oil containing asphaltenes at various temperatures and
pressures. In general, the cubic-plus-association equation of state (CPA EOS) is used to model hydrogen bonding
interaction between water and polar asphaltene molecules. Experimental water solubilities in four oils were used to
validate the proposed method. The results demonstrated that the average absolute deviation between experimental
and calculated water mole fractions in oil is less than 0.04673 in the 452-557 K temperature range. Also, this method
helps explain the smooth transition from solubilized water at high temperatures to emulsified water in oil at low
temperatures.

Key words: asphaltene, oil, water solubility, equation of state, prediction, modeling.
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The physical mechanism of air-foam flooding, proposed earlier by other authors, was studied by simulating the NB-95

foaming agent. The numerical simulation and optimization of parameters for air-foam injection in the T9 block of the



SY oilfield were carried out by the STARS module of the CMG reservoir simulation software. The experiment results
demonstrate that the optimal injection volumes to production ratio of the air-foam flooding in the T9 block is 0.8~1,
the gas to liquid ratio is 0.8~1, the foaming agent concentration is 0.5%~0.75%, and the injection slug is
0.18~0.22PV. The experimental physical simulation results show that air-foam flooding can enhance oil recovery by
as much as 25.85% and can help develop a theory of oil displacement by air-foam flooding.

Keywords: light-oil reservoir, air-foam flooding, physical simulation, numerical simulation, parameter optimization,

oil recovery enhancement.
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A New Method for Obtaining Average Oil-Bearing Rock Capillary Pressure

Recent modifications of the J-function model for obtaining the average oil-bearing rock capillary pressure based on
Buckley—Leverett function have not fundamentally improved this technique, and modifications based on the rock pore-
network model remain challenging. Because of this, a new method based on filling of 3-D curvilinear surfaces was
developed for obtaining average capillary pressure. The accuracy of the new method was verified by comparing the
calculated results with the experimental data, which are in fair agreement. These findings suggest that the new
method can be used to obtain accurate average capillary pressure.

Keywords: J-function, Buckley-Leverett function, average capillary pressure, 3-D curvilinear surface filling.
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An Analytical Model of Artificial Fracture Closure under Elastic-Plastic Deformation

The closure of artificial fractures is one of the most complicated problems faced in developing unconventional oil and
gas reservoirs. Aiming at modifying the current theoretical models, an analytical model of the contact process is
proposed with due regard for elastic-plastic deformation. The model we built is based on Hertz’s elastic contact
formulations and can be used to interpolate exponential function. We used numerical analysis method to derive the
equation of state to determine the rigidity and asperity of the elastic-plastic phase for all the deformation phases. The
correlation between average contact pressure and crack closure of the whole rough surface was established by using
the probabilistic method. Compared with the classical models, this analytical model is easier to build and use. As the
new model takes account of all the deformation phases, it describes well the fracture surface contact behavior with
increase of normal stress. For calibration, the prediction results calculated by our model fits the finite-element based
Kogut-Etison (KE) model well.

Key words: elastic-plastic deformation, artificial fracture, contact model, asperity, interpolation.
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