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CoBMecTHasl THIPOKOHBEPCHSI 0MOMAacChl BOIOPOCJIEil M BOAHOI PacTUTEIHLHOCTH NMPUOPEKHOI 30HBI 03epa
Bajikaj 4 TsKeJIbIX He()TAHBIX 0CTATKOB C MOJIyYeHHeM OMOTOILINBA

Hauunas ¢ 2011 200a, 6 npubpesicnoii uacmu ozepa bBatikan npoucxooum maccogoe pazeumue HUm4amix
8000poOCell, KOMopoe NPedCmasisem Cepbe3HyIo IKo02u1ecKkyio npobaemy. bviiu cobpansvt 0bpasyst 6uomaccyi
8000pocell U B00HOU pacmumeibHOCmU 8 npubpedicHoll 301e o3epa batikan u npogedena ux cuopomepmanvHas
nepepabomka 8 6UOMONIUBO 8 NpUCymcmeuu napamoauboama ammonus. Iloxazano, umo 6uomacca 600opocietl uz
npubpedscHol 30HbL 03epa batikan Modcem a61AmMbCs NePCNeKMUBHBIM UCIOYHUKOM CbIpbs OJi NOTYYeHUs
OUOmMoOnIUBA NPU NOMOWU MEPMOKAMAaIumuyeckol nepepabomxu. /lobasnenue maxcenvix Heqpmanvlx OCIAMKO8 K
buomacce 6000pociieli U B0OHOU PACMUMELLHOCIU HOBbIULAILO 8bIX00 MOMOPHO20 MONIUBA U OKA3BIBAO GIUSAHUE HA
e2o cocmas.

KiioueBble ¢10Ba: BOJIOPOCIH, BOJAHAS PACTUTEIBHOCTD, OMOMacca, THIPOKOHBEPCHUS, TSKENbIC HE(DTSIHBIC OCTATKH,

OMOTOIUTHBO, YBTPO(HUKAITHS.

Z. B. Namsaraev, Kh. M. Kadiev, A. U. Dandaev,

D. D. Barkhutova, A. A. Mel’nikova, and E. V. Ivanov.

Combined Hydroconversion of Biomass of Algae and Aquatic Vegetation

of Lake Baikal Littoral Zone and Heavy Oil Resids with Production of Biofuel

Since 2011, prodigious growth of filamentous algae, which poses acute ecological problem, has been occurring

in the littoral part of Lake Baikal. Samples of biomass of algae and aqueous vegetation were collected from the
littoral zone of Lake Baikal and they were converted by hydrothermal treatment to biofuel in the presence of
ammonium paramolybdate (heptamolydate). It was demonstrated that algal biomass from the Baikal littoral region
could be a potential source of feedstock for producing biofuel by thermocatalytic treatment. Addition of heavy oil
resids to algal and aquatic vegetation biomass increased motor fuel yield and modified its composition.

Key words: algae, aquatic vegetation, biomass, hydrothermal conversion, heavy oil resids, biofuel, eutrophication.
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[Iupoau3 pacTUTETBHOTO CHIPHSI — BO3MOKHOCTH TOJIy4€HHSI KOMIIOHEHTOB MOTOPHBIX TOIJIHB
PaccmompeHa BO3MOINCHOCMb UCNOIBb30BAHUA npodmeoe nupoauza pacmumeilbHo2co Cblpbsl ons noJjydyernus

KOMNOHEHNO8 MONIOPHBIX MONJIUB. Hpueedeﬂbz pesyibmamol NUPOIU3a conetl HCUPHBIX KUCTIOM, NOJYYEHHbIX nymem



OMbLIEHUSL NOOCOTHEUHO20, PANCOB020 U IbHAHO20 MACeN pasIudHbIMU wenovyamu. [lokasano, umo maxcumanbHbili
6b1x00 nupoauzama oocmuzaemcs npu 500°C u cocmagnaem 0o 52-55% mac. Hanuuue 6 cocmase nuponusama
OONBLULO20 KOTUYECTHBA KUCTOPOOCOOEPAHCAUUX COCOUHEHULL He NO3BOJIAEM UCNOIb308AMb €20 6e3
2UOP000O.1a20PadlNCUBAHUS HENOCPEOCMBEHHO 8 Kauecmee 000aA6KU K MOMOPHLIM MONIUBAM.

KuroueBble cjioBa: pacCTUTEILHOE CHIPhE, MMIPOJIH3, MOTOPHEIE TOTUINBA.

V. A. Mityagin, 1. V. Poplavskii, E. I. Alatortsev, and P. A. Nikul’shin.

Pyrolysis of VVegetal Materials — Feasibility of Producing Motor Fuel Components

The feasibility of using vegetal material pyrolysis products for getting motor fuel components is examined. The results
of pyrolysis of fatty acid salts obtained by saponification of sunflower, rape, and linseed oils by various alkalis are
presented. It is shown that the maximum pyrolysate yield is achieved at 500°C and is as much as 52-55 wt. %. The
pyrolysate cannot be used without its hydrofining directly as an additive to fuels because of a large amount of
oxygen-bearing compounds in it.

Key words: vegetal materials, pyrolysis, motor oils.
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00 ucnob30BaHuN OMOaM3EJISl KAK 100aBKU K He(PTAHOMY TOIJIMBY

Hccenedosanvl pusuxo-xumuueckue u IKCHIYAMAYUOHHBLE CEOUCMBA OUOOUETLHBIX MONAUE, NOTYYEHHBIX U3 OMX0008
NUWEBOU NPOMBIULIEHHOCU, a MAKIHCE TMEXHUYECKUX PACIMUMETbHBIX MACeL U HCUBOMHBIX dcupos. [1o0obparv
NpUCAOKU, Yayuuaouue HU3KOmMeMnepamypHvle U aHmMuUOKUCIUMenbHvle C80UCmea cmecell buoousens ¢ HeghmsaHvim
MONaUBOM. Bvlkazano npeononodicenue 0 603MOICHOM YEEIUYEHUY KOHYEHMpayuu 61U00u3ens 8 CMecesvlx monaueax
0o 30%.

KiaroueBble cjioBa: 6I/IOILI/ISCJ'ILHOC TOILIMBO, CMECEBOEC TOINNIMBO, HEIMUILEBBIC MacCjia U KHUPHI.

E. B. Shevchenko and A. M. Danilov.

About Use of Biodiesel as Additives to Petroleum Fuel

The physicochemical and performance properties of biodiesel fuels derived from food industry wastes as well as from
technical vegetable oils and animal fats are investigated. Additives that improve low-temperature and antioxidative
properties of blends of biodiesel with petroleum fuel are chosen. Suggestion is offered regarding the possibility of
raising biodiesel concentration in fuel blends to as much as 30%.

Key words: biodiesel fuel, blended fuel, inedible oils and fats.
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[lepcnekTHBBI NPUMEHEHHsI NPOU3BOAHBIX Pypdyposa B cocTaBe GEH3MHOB

B cmamve paccmompenvt nepcnexmugul npumenenus npou38o0HbIx Pyp@hypona 6 Kauecmse 6blCOKOOKMAHOBHIX
000a80K K OEH3UHY HA OCHOBE AHANU3A UX PUSUKO-XUMUYECKUX U IKCHTYaAMAayUuoHHblX ceoticme. Paccmampusaromes
OdaHmble N0 0eMOHAYUOHHOU CTNOUKOCIU, NOKA3AMENSAM TMOKCUYHOCTU, PEe3VIbMambl MOMOPHO-CIMEHO08bIX
ucnvimanuil Pypanosulx coedunerutl, 3Qpupos Gyp@ypona, pypdypuramuna u Opyeux npoussoousvix ypdypoia.
KioueBbie c10Ba: aBTOMOOMIIBHBIN O€H3UH, BBICOKOOKTaHOBEIE JJ00aBKH, OMOTOILINBO, Gpypdypon, 2-MeTHindypaH,

bypdypunamus, GypdypHriIoBeie 3QUPHI, OKTAHOBOE YUCIIO, BHIOPOCHI YTIIEKUCIIOTO Ta3a.

M. A. Ershov, E. V. Grigor’eva, A. I. Guseva, N. Ya. Vinogradova,

P. A. Nikul’shin, and V. S. Dorokhov.

Prospects of Use of Furfural Derivatives in Gasoline

Prospects of use of furfural derivatives as high-octane additives to gasoline are studied based on analysis of their
physicochemical and performance properties. The data on knock resistance and toxicity indexes and results

of engine-bed tests of furan compounds, furfuryl ethers, furfurylamine, and other furfural derivatives are analyzed.
Key words: automotive gasoline, high-octane additives, biofuel, furfural, 2-methylfuran, furfurylamine, furfuryl

ethers, octane number, carbon dioxide emissions.

A. A. Anucumosa, b. Il. Toukonozos, JI. H. bazoacapos, A. A. Cenesnes

PT'Y medTn u raza um. 1. M. ['yOkuna

E-mail: annavikulova91l@mail.ru

Baunsinue 100aBOK Ha TEPMOMEXAHNYECKYIO CTAOMIBHOCTD CYJIb()OHATHBIX

TUIACTHYHBIX CMAa30K

Ilpedcmasnenvl pe3ynvmamul UCCA€008AHUsL BAUAHUS 00OABOK HA TMEPMOMEXAHULECKYIO CMADUTLHOCTb
cynvghonamnoii niacmuunou cmaszxu. Iloxaszano, ymo esedenue, Kax NPUCAOOK, MaK U HANOTHUMEREl, UCHOIb3YeMbIX
0714 yayuulenus mpuboi02uteckux XapaKkmepucmux, OKazvleaenm NOLOHCUMENbHbIL dPHeKm Ha MEPMOMEXAHUYECKVIO
cmabunvrocms cmasku. Onpeoenenvl ONMUMATbHbIE KOHYEHMPpayuu 000a8oK 8 CyiboHammbvle CMA3KU Ha OCHO8e
cmecu Hegpmanvix macein. Bvisagneno nposenieHue aHMUOKUCIUMENIbH020 0elCmBUsl 8blCOKOUEN0UHOU
ATKUNCATUYULAMHOU U CYKYUHOMUOHOU NpUcadok 8 xonyeumpayusx om 0,5 0o 1,0% macc 6 cyrvgponammusix cmasxax.
KiroueBble cj10Ba: MIIACTHYHBIE CMa3KH, CYJIb()OHATHBIE CMa3KH, IPUCAKU, HATIOIHUTEIH,

TEPMOMEXaHNYICCKAA CTa6I/IJIBHOCTL, KoJuionaHas CTaOMIILHOCTb.

A. A. Anisimova, B. P. Tonkonogov, L. N. Bagdasarov, and A. A. Seleznev.

Effect of Additives on Thermomechanical Stability of Sulfonate Plastic Lubricants

The results of a study of the effect of additives on the thermomechanical stability of sulfonate plastic lubricants are
reported. It is demonstrated that introduction of both additives and fillers used to improve tribological properties
produces a salutary effect on thermomechanical stability of lubricants. The optimal additive concentrations in
sulfonate lubricants based on petroleum oil blends are determined. Highly alkaline alkyl salicylate and succinamide

additives in 0.5-1.0 wt. % concentrations in sulfonate lubricants are shown to exhibit antioxidative effect.



Key words: plastic lubricants, sulfonate lubricants, additives, fillers, thermomechanical stability, colloidal stability.

T. H. Mumycoea®, H. K. Konopaweea?, M. M. Jlo6awmoea’, M. A. Epwoé’, B. A. Pyoko?’, M. A. Tumapenxo*
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Onpenenenne u yay4ylieHHEe CTAOMIbHOCTH CYTOBBIX BLICOKOBSI3KHX TOIJIUB

B pabome uznosceno onpedenenue cmabunbHocmu cy008020 8biCOKOBI3K0O20 MONIUBA C MOYKU 3PEHUsL KOLTOUOHO-
XUMUYECKO20 NPedCmAaBieHUs: 0 HeQMAHBIX OUCHEPCHBIX CUCIEMAX, d MAKICce 0 He0OX0OUMOCTU BKIOYEeHUS 8
deticmeytoujie mpebosanus 0anHo20 napamempa. B kauecmee 06beKmMos ucciedo8anust Oviiu 835aMmvl Cy008bie
6bICOKOBS3KUE MONAUBA, NPULOMOGTEHHBLE U3 MA3YMA, BUCOPEKUH2-0CMAMKA U JIe2K020 230151 KAMATUMUIecKo20
kpexunea. CmabuibHOCmb NOJYHEeHHbIX 00pazyos Obiia onpedenena wepes3 KCUIOIbHbII dKgusanenm. Taxoce ObLIO
OYEHEHO GIUSHUE OUCREPIUPYIOUWUX NPUCAOOK HA OCHOBE OKCUIMUNUPOBAHHBIX AMUHO8 U ANKUTHADMATUHO8

Ha CMaoOUIbHOCMb NOJYHEHHbIX 00PA3Y06 CYOO8bIX GbICOKOBAZKUX MONIUG.

KioueBbie c10Ba: BEICOKOBS3KOE CyI0BOE TOIUIMBO, CTAOMIBHOCTE BRICOKOBSI3KOTO CYJOBOTO TOILIMBA, KCHIIOIBbHBIN

SKBHUBAJICHT, AUCIIEPTUPYIOIIE TPHCATKA

T. N. Mitusova, N. K. Kondrasheva, M. M. Lobashova,

M. A. Ershov, V. A. Rudko, and M. A. Titarenko.

Determination and Improvement of Stability of High-Viscosity Marine Fuels

Determination of stability of high-viscosity marine fuel from the point of colloid chemistry concept of oil disperse
systems and the need for inclusion of this parameter in the current requirements are expounded. High-viscosity
marine fuels produced from residual fuel oil, visbreaking residue, and catcracking light gas oil were taken as the
objects of the study. The stability of the obtained samples was determined via xylene equivalent. Also determined was
the effect of dispersing additives based on hydroxyethylated amines and alkyl naphthalenes on the stability of the
obtained samples of high-viscosity marine fuels.

Key words: high-viscosity marine fuel, stability of high-viscosity marine fuel, xylene equivalent, dispersing additives.

M. M. I'aepunos, B. A. 3anomnenkos, A. A. I'uoacnos, H. K. Moucees

Camapckuii rocy/1TapCTBEHHBIM TEXHUIECKUH YHIUBEPCUTET,

E-mail: krashikovpe@gmail.com

TexHos0rus MOJy4eHus1 cepOOUTYMHBIX BSKYIIHUX JAJIS JOPOKHOI0 CTPOHMTEIbCTBA

Paspabomana mexnonoeus nonyuenus 6UumymHo2o 6axcyuje2o 0Jisk 00POHCHO2O CMPOUMENbCEA HA OCHOGE
MOOUDUYUPOBAHHBIX INEMEHMAPHOU cepotl KyOosblx ocmamkos nepepabomku negpmu. O6pabomxy cmecu GUmMymHoll
OCHOBbL U DNIEMEHMAPHOU Cepbl NPOGOOUIU 8 YCIOBUAX 8030CUCEUSL YIbMPA3EYKA C MOUWHOCIbIO Koaebanuil 2,5
Bm/cm? u wacmomoti 20 kl'y npu 160°C. Hazpee cmecu ocyuwecmenanu uCKIiouumensho 3a cuem sHepauu

axycmuueckux korebanui. Ilonyuenvt obpasyvl cepooumymos coomsemcmeyiowue mapxe bH/ 130/200. Ipumenenue



VALMPA38YKOBO20 NEPEMEUUBANUS NO3BOISI CHUSUMb dHEP203aAMPAmMbl U YCKOPUMb NPOYECC NOAYYEHUs OUMYMHO20
8501CY U4 €20.

KuroueBble ciioBa: 1OpOKHOE CTPOUTENLCTBO, CEPa, OUTYMHbIE BSKYIIHE, yIbTPA3BYK.

M. M. Gavrilov, V. A. Zalomlenkov, A. A. Gidaspov, and I. K. Moiseev.

Technology of Producing Sulfur-Asphalt Binders for Road Construction

A technology has been developed for producing an asphalt binder for road construction based on oil distillation
residues modified with elemental sulfur. A blend of asphalt base and elemental sulfur was exposed to the action of
ultrasound with a vibratory power of 2.5 W/cm? and a frequency of 20 kHz at 160°C. The blend was heated
exclusively by acoustic vibration energy. Sulfur-asphalt samples conforming to the BND 130/200 brand were
obtained. Energy consumption can be reduced and asphalt binder production process can be accelerated by
ultrasonic blending.

Key words: road construction, sulfur, asphalt binders, ultrasound.
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IpukaagHbie aCHEKTHI UCCIETOBAHN TEPMOIUHAMHYECKHX MAPAMETPOB HE(PTAHBIX JUCHEPCHBIX CUCTEM
Ipusedenvt pe3ynbmampl IKCREPUMEHMATLHBIX UCCTIEO08AHULL C UCNONB308AHUEM MemOoda pacyemd
MEPMOOUHAMULECKUX NAPAMEMPOB CMecell 24308020 KOHOGHCATA U MA3YMA, OCHOBAHHO20 HA 0OPAYEHHOU 230801
Xpomamozpaguu, 015 yenyonenus nepepabomxu Hegpmu 6e3 npuMeHeHUs: MOPULHBIX NPOYeccos. Ycmarnogsnena
603MOIICHOCb ONPeOeleHUs ONMUMATLHO20 COOMHOWEHUSL KOMNOHEHMO8 CMeCU 2308020 KOHOEHCAma U mMazyma no
ee MmepMOOUHAMUYECKUM NaApamempam 018 NOGbIULEHUS 8bIX00d c8emblX (paxyuil. Bvickazano npeononodicenue,
umo 0OpPA306aHUE HOBOU KOINOUOHOU CIMPYKMYPbL CMeCl OUCNEPCHOU CUCmeEMbL (MA3YMA) ¢ 20MO2EHHOU CUCMEMOU
(2a306blM KOHOEHCAMOM) NPOUCXOOUm Yepe3 00pa308aHnue NOIYKOLIOUOHOU cucCmeMbl ¢ nocaedyrouyeti
pecmpyxmypusayuetl 3a ciem npoyecco8 MeNCMOAEKYIAPHO2O 3AUMOOCUCMBUS U PACTHEOPEHUSL.

KiroueBsble ciioBa: HeTh, HEPTEIPOIYKTHI, TEPMOJUHAMHYECKUE ITAPAMETPHI, METOIbI HCITBITAHNH, He(DTSHBIE

AUCIICPCHBIC CUCTEMBI, IMOJTYKOJIJIOUAHAA CUCTEMA.

A. |. Alatortsev, S. A. Leont’eva, V. A. Mityagin, E. V. Podlesnova, and B. P. Tumanyan.

Applied Aspects of the Study of Thermodynamic Parameters of Oil Disperse Systems

The results of experimental investigations using the method of calculation of thermodynamic parameters of gas
condensate and residual fuel oil blends based on inverse gas chromatography for deepening oil refining without using
secondary processes are furnished. The possibility of determination of the optimal ratio of the components of gas
condensate and residual fuel oil blend from its thermodynamic parameters for increasing yield of light fractions is
established. It is suggested that a new colloidal structure of the blend of the disperse system (residual fuel oil) with a
homogeneous system (gas condensates) is formed via formation of a semicolloidal system, followed by

restructurization due to intermolecular interaction and dissolution processes.



Key words: crude oil, oil products, thermodynamic parameters, experimental methods, oil disperse systems,

semicolloidal system.

C. I Akyboea, I'. P. Abunosa, 3. I. Tazeesa, IO. I0. bopucoea, M. P. Ikyboe

WucTtutyT opranuueckoi u ¢puszndeckonr xumun UM. A. E. ApOy3oBa Kazanckoro HayuHoro nieatpa PAH,

E-mail: yakubovasg@mail.ru

Pacnpenesienne BaHAIUA M HUKEJIS O (PPAKIUSM CMOJT TSKEJIBIX

BbICOKOCEPHHUCTHIX HedTell

H3zyuenvl ocobennocmu codeporcanus u pacnpedenenus 6aHadusi U HUKes 8 CMOAAX U UX (Ppaxyusx Ha npumepe
MAACENBIX 8bICOKOCEPHUCTbBIX Hehmell mecmopodcoenuit Tamapcmana, Camapckou ooaacmu u Kaszaxcmana. J{ns
8Cex UCCIe00B8AHHBIX MANCENbIX Hedhmell ¢ POCMOM COOePAHCAHUSL BAHAOUS U HUKeETS HAOI00aemcst NPSIMO
NPONOPYUOHATIbHOE YBeNUdeHUe COOEPHCAHUSA OAHHBIX Memannos 8 cmonax. Cmoabl hpakyuoHuposanucs Ha
OenzonbHble U Cnupmo-odeH30abHble PaKyuu nymem adcopoyuoOHHO-Xpomamozpapuuecko2o pazoenenus Ha
cunukazene. Cnupmo-ben3onvhvle paKyuu MO XapaKxmepusyomces Kaxk bosee NoispHble, 3a cuem NOGbLULEHHOZ0
CO0ePIAHCAHUSL KUCTIOPOOCOOEPHCAUUX CMPYKINYPHBIX 2pYnn. BoisgneHnvl 0COOeHHOCU CO0EPAHCAHUS U pACHpedeleHUs.
B8AHAOUSL U HUKETIA NO PPAKYUAM CMOJ OJis MANCENbIX Hehmell pa3TUiHbIX NPOOYKMUBHBIX KOMNIEKCO8.

KiaoueBble c1oBa: Tsokenast He(Th, CMOJIBI, BAHA UM, HUKEIIb.

S. G. Yakubova, G. R. Abilova, E. G. Tazeeva, Yu. Yu. Borisova, and M. R. Yakubov.

Vanadium and Nickel Distribution in Resin Fractions of High-Sulfur Heavy Oils

The mechanisms of occurrence and distribution of vanadium and nickel in resins and their fractions are studied with
reference to high-sulfur heavy oils of Tatarstan, Samara Oblast (region), and Kazakhstan deposits. For all the
investigated heavy oils, the content of vanadium and nickel in resins increase in direct proportion to the increase in
contents of these metals in the oils. The resins were fractionated into benzene and alcohol-benzene fractions by
adsorption chromatographic separation on silica gel. The alcohol-benzene fractions are characterized as being more
polar on account of higher content of oxygen-bearing structural groups. The special features of vanadium and nickel
content and distribution in resin fractions are disclosed for heavy oils of various production complexes.

Key words: heavy oil, resins, vanadium, nickel.

H. M. Maxcumoe, A. B. Mouceee, H. H. Tomuna, A. A. [lumep3un

Camapckwii roCy1apCTBEHHBIM TEXHUYECKUH YHIUBEPCUTET,

E-mail: maximovnm@mail.ru

XuMnyeckue npeppalieHnsi KOMIOHEHTOB JIErKOr0 ra3oiijisi KaTaJINTHYeCKOIr0 KPpeKHHIa B mpouecce
THAPOOYUCTKH HA AJTIOMOK00AIbTMOJIU0IEHOBOM, AJTIOMOHUKEIbBOJIb(PaMOBOM KATAIN3ATOPAX
HUccredosana enybuna peaxyuil 2u0pupo8aHus apoMamuieckux y2ies000p0008 Pa3IudHbIX KIACCo8 U 01eh)UHOBbIX
Y271e6000p0008 8 Npoyecce 2UOPOOUUCIIKU 1e2KO20 2A30UWIA KAMAIUMUYECKO20 KPeKUHea 8 NPUCYMCmeuu
AnOMOKOOATLIMMONUDOECHOB020, ANOMOHUKENbEOIbPPAMOBO20 KAMAIUZAMOPOE. ATIOMOHUKENbBONbPPAMOBbIL

Kamaauzamop obradaem 3nauumenvbHo Oojee 8blCOKOU euc)pupyiowezi AKMUBHOCNbIO NO OMHOUWEHUIO K



aApoOMAmMuYecKuUM yene8o00po0dm 8cex KIaccos, Yem aioMoKo0aibmmonuboenossviti. OOHako
anoMOKOOALIMMONUDOEHOBbII Kamaauzamop odaadaem 6oee blcOKOU 2UOPUPyrOwell AKMUSHOCMbIO NO
OMHOULEHUIO K ONePUHOBBIM Y21e6000PO0AM, YeM ANIOMOHUKENbEONbPPAMOBHII.

KuioueBble cjIoBa: THIPOOINCTKA, JISTKUH Ta30MIb KATATUTHIECKOTO KPEKUHTA, aTFOMOKOOATETMOINOICHOBBIH,
AJIFOMOHUKENBBOJIB(PAMOBBII KaTaIN3aTOPbI, THAPUPOBAHKUE aPOMATHYECKHUX YIIIEBOAOPOI0OB, THAPUPOBAHUE

oJie(hUHOB.

N. M. Maksimov, A. V. Moiseev, N. N. Tomina, and A. A. Pimerzin.

Chemical Transformation of Catcracking Light Gas Oil Components

by Hydrofining on Aluminum-Cobalt-Molybdenum Catalysts

The degree of hydrogenation of various classes of aromatic and olefin hydrocarbons in catcracking light gas oil
hydrofining process in the presence of Al-Co-Mo and Al-Ni-W catalysts is studied. Al-Ni-W catalyst exhibits much
greater hydrogenation activity with respect to aromatic hydrocarbons than Al-Co-Mo catalyst. However, Al-Co-Mo
catalyst exhibits much greater hydrogenation activity with respect to olefin hydrocarbons than Al-Ni-W catalyst.
Key words: hydrofining, catcracking light gas oil, aluminum-cobalt-molybdenum and aluminum-nickel-tungsten

catalysts, hydrogenation of aromatic hydrocarbons, hydrogenation of olefins.

10. A. Xam3un, P. P. [llupuszoanos, A. P. laenemuwiun, A. 3. lllaopuna, E. H. baxonuna

Y bumMmckuit Tocy 1apCcTBEHHBIN HEPTIHOW TEXHUYECKUH YHUBEPCUTET

E-mail: petroleum9@bk.ru

Bausinue ¢a3oBoro cocraBa KaTaju3aToOpoB HA OCHOBE MOAN(PHIMPOBAHHOTO LEOJTUTA

THNa Y Ha BBIX0] yriieBoaopoaos Cs B npouecce aJIMKUJIMPOBAHUS N300yTaHa oJ1epuHAMH

B oannou pabome onucanvl usmenenuss noxasameneti akMuHOCMU CUHME3UPOBAHHBIX paHee KAMAaIu3amopos

Ha 0CHOBE MOOUPUYUPOBAHHO20 Yeonuma muna Y om OCHOBHBIX NAPAMEMPO8 Pa3068020 cOCMasa.: KOau4ecmsd
AmMoMOo8 amomunus 8 snemernmaproil aueiike, coomuowenus SiO2/Al203, pasmepa snemenmapnoi suetiku.
Ilpeocmasnenvt pe3yromamul UCCIE008AHULI CIMPYKIYPHBIX USMEHEHULL, NPOUCXO0AWUX 8 KPUCTALIUYECKOU hasze
yeonuma npu e2o nOCM-CUHMEMuUYecKkoM MOOUPUYUPOBAHUL.

KitroueBsie ciioBa: TBEpAOKHCIOTHOE ANKHIIMPOBAHUE, ICOJTUTHI, AJIKUAJIAT, PElIeTKa [IE0UTa, JCKaTHOHUPOBAHUE,

ACJIIOAaMUHUPOBAHUC.

Yu. A. Khamzin, R. R. Shiriyazdanov, A. R. Davletshin,

A. E. Shadrina, and E. I. Bakhonina.

Effect of Phase Composition of Catalysts Based on Y-Type Modified Zeolite

on Cg Hydrocarbons Yeild upon Isobutane Alkylation by Olefins

The deviations of activity parameters of previously synthesized catalysts based on Y-type modified zeolite from the
basic phase composition parameters (number of aluminum atoms in an elementary cell, SiO2/Al.O3 ratio, elementary
cell size, etc.) are described. The results of investigations of structural changes occurring in the crystalline phase of
the zeolite upon its post-synthesis modification are presented.

Key words: solid acid alkylation, zeolites, aliquot, zeolite lattice, decationation, dealumination.
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Tuoponpespawienue nagpmanuna é nPUCymcmeuu Kamaaumu4eckKux cucmem

NiMoS/NiWS-AICls na ocnose me3onopucmeix apomamuueckux Kapkacoe

Cunmesuposan Kamaiu3amop Ha OCHO8e HAHECEHHO20 HA Me3onopucmulil apomamuyeckuil kaprkac (PAF) xnopuoa
anomunus. B nacmosweii pabome ucciedosaro snusnue kamanuzamopa PAF-AICIs na pacnpedenenue npooyxmos
peakyuu 2uOpupoBaAHUsI-2UOPOKPEKUH2A HADMATUHA 8 NPUCYMCMBUU OUMEMATIUYECKUX CYTbHUOHBIX
xkamanuzamopoe PAF-NiMoS u PAF-NiWS. Yemanoeneno, umo dobasnenue PAF-AICl3 snauumensvro yseruuusaem
8bIX00 NPOOYKMO8 KpeKUHed, Npu 9MOM HAULyyuiue pe3yibmamsl N0 KOHBEPCUU HAGMATuHa Mo2ym 6bimb NOTY4eHbl
npu 00basneHuu 8 peakyuoHuyio cmech cepul. Tak, ucnoavsosanue kamanumuyeckou cucmemor PAF-NiMoS/PAF-
AICI3/S (1:3:3 macc.) nozsonsiem npoeooums KOIUHECMEEHHYIO 2UOPOKOHEEPCUIO HADMATUHA 8 NPOOYKNIbL PeaKyul,
cpedu komopwix oxkono 70% — npodykmul euopuposanus, a 30% — npoodykmsl KpeKuHea.

KiaroueBble ciioBa: TUAPUPOBAHUC, THAPOKPECKUHT, MC30IMOPUCTBIC MAaTCPpUAJIbI, Ha(I)TaJ'II/IH, I‘eTCpOI‘CHHLII\/'I KaTtajJn3.

L. A. Kulikov, M. P. Boronoev, D. A. Makeeva, M. V. Nenasheva,

S. V. Egazar’yants, and E. A. Karakhanov.

Hydroconversion of Naphthalene in Presence of NiMoS/NiWS-AICls

Catalyst Systems Based on Mesoporous Aromatic Frameworks

A catalyst based on aluminum chloride applied on a mesoporous aromatic framework (PAF) is synthesized. The effect
of PAF-AICIs catalyst on distribution of products of naphthalene hydrogenation-hydrocracking in the presence of
PAF-NiMoS and PAF-NiWS bimetallic catalysts is studied. It is shown that addition of PAF-AICIs catalyst greatly
increases reaction products yield and that the best naphthalene conversion results can be obtained by adding sulfur to
the reaction mix. Thus, naphthalene can be hydroconverted quantitatively to the reactions products, of which about
70% are hydrogenation products and 30% are cracking products, by using the PAF-NiMoS/PAF-AICI3/S (1:3.3 wt.
ratio) catalyst system.

Key words: hydrogenation, hydrocracking, mesoporous materials, naphthalene, heterogeneous catalysis.
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Ouenka 3¢ ¢peKTUBHOCTH MHTUOMTOPOB rHAPATO00PA30BAHMS MOJTUTEPMUYECKUM METOI0M



Hanuas cmamos nocesujena oyenke 3gpexmusHocmu un2UOUMoOpos uopamoodPa306anUs ¢ Yeivko bloopa
HAULYHUWUX peaceHmos 0Ji npe0omepaujeHusi 00pa3o8anus 2uOpamos 6 2a308biX CKEANCUHAX — OOHOPAX AKMUBHO20
easa ona ycnogui Bocmounozo yuacmka Open6ypeckoco Heghme2a30KoHOEHCAMHO20 MECTNOPOICOCHUS.
Hccneoosanue nposoouniu ¢ ucnonb308anuem noiumepMuiecko20 Memooa, 6Kuo4aiowe2o oxaaxicoenue ¢
HOCMOAHHOU cKopocmbio 1 epad./4 cucmemvl cocmoswen U3 pacmeopa UHeUOUMopa 6 MoOeu NAACMOBoU 600bl U
easzosoul cmecu. Mneubupyiowue ceolicmea 06pazyos Xxapakxmepusosaiu no memnepamype Haiana
2UOpamoodpa306anus U KOIUYeCmsy 2asa, nepeuteouie2o 6 2uopam, 8 KOHye onvimd.

KiroueBrble c1oBa: ra3oBble TUAPAThl, THTHOUTOPEI rHapaToo0pazoBanusd, OpeHOyprckoe HeTera3okoOHIeHCATHOE

MECTOPOKACHUEC, CTCIICHb NEPCOXIIAKICHU .

R. R. Kaibyshev, A. M. Kunakova, K. S. Rzametov, F. G. Usmanova,

B. M. Anikushin, Yu. F. Gushchina, and A. P. Semenov.

Evaluation of Effectiveness of Hydrate Formation Inhibitors by Polythermal Method

The effectiveness of hydrate formation inhibitors is evaluated to select the best reagents for inhibiting hydrate
formation in gas wells, which are donors of active gas for the conditions in the eastern part of the Orenburg oil and
gas condensate fields. The study was conducted using polythermal method that involves cooling of a system
consisting of inhibitor solution in a model of stratal water and a gas mixture. The inhibiting properties of the samples
were characterized from the initial hydrate formation temperature and the amount of gas turned into hydrate at the
end of the test.

Key words: gas hydrates, inhibitors, hydrate formation inhibitors, Orenburg oil and gas condensate field, degree of

overcooling.

A. B. Cmasuuxas', A. Il. ['nomos', E. B. Heanos', A. JI. Makcumoé?, 3. A. Kapaxanoé’, B. A. Bunokypoe*
PT'Y nedru u raza um. M. M. I'yGkuna,

2MocCKOBCKHii TOCYIapCTBEHHBIH yHUBEpcUTET MM. M. B. JloMoHOCOBa,

E-mail: stavitsko@mail.ru

HccnenoBanue NpoayKTOB OKHCJIEHUS apOMATHYECKUX COeIMHEHMIl Jerkoii HepTH MeTOAOM Macc-
CIIEKTPOMETPHH YJIHTPABBLICOKOI0 pa3pelieHus

IIposeden ananusz Xumuuecko2o cocmasa npoOyKmo8 OKUCTIEHUS apOMAMUYECKUX COEOUHEHUT, COOePICAUUXCSL 6
Heghmsx, MEMoOOM MACC-CNEKMPOMEMPUYU UOHHO-YUKIOMPOHHO20 pe30HaHca ¢ npeobpaszosanuem Pypove.
Yemanoeneno, umo naubonee ycmorinugbimu K OKUCTEHUIO APOMATMUYECKUMU KOMIOHEHMAMU HeQmu A6IAI0MCS
nupen, npou3goonvle henanmpena, Hagpmernonagpmanunvl. Onpeodenenvl RPOOYKMbl OKUCTICHUS 030HOM 20MO0208
ben3zona, Hagpmanuna, a maxoice COeOUHEHUL ¢ YemuvIpbMs U bo1ee apoOMaAMU4eCKUMU YUKAAMU.

KioueBble c10Ba: OKHCIIEHHE, apOMaTHYECKHE COSANHEHUSI, HE(Th, 030H, MACC-CIIEKTPOMETPHS, XUMHUYECKHUI

COCTaB.

A. V. Stavitskaya, A. P. Glotov, E. V. Ivanov, A. L. Maksimov, E. A. Karakhanov, and V. A. Vinokurov.
Study of Oxidation Products of Light Oil Aromatic Compounds
Using Ultra-High Resolution Mass Spectrometry



The chemical composition of oxidation products of aromatic compounds present in oils is analyzed by Fourier
transform ion-cyclotron resonance mass spectrometry. It is shown that pyrene, phenanthrene derivatives, and
naphtheno-naphthalenes are the most oxidation-resistive aromatic components of oil. Ozone-oxidation products of
homologs of benzene, naphthalene, and compounds having four or more aromatic rings are determined.

Key words: oxidation, aromatic compounds, oil, 0zone, mass spectrometry, chemical composition.
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MoaenupoBaHue npoiuecca 0o0pa3oBaHus 0TJI0KeHU napaguHOB B TPYAHOU3BJIEKAEMOM YIJ1€BOA0POJIHOM
chIpbe

B pabome ucciedosanwvl acgharomocmononapagunosvle omaodxicenus, 8binasuiiie npu MoOeIuposanuy npoyeccd
00pazosanus OMI0NHCEHUL U3 Hedhmu, cuumaemol mpyoHousseiexaemol. Bolasiensvt ocobennocmu gvinadenus
acanbmocmononapa@duHossbix OMaA0NHCeHUU, 00YCIOBNIEHHbIE PASTUYHBIM COOEPHCAHUEM 8 HUX BbICOKOMOEKYIAPHBIX
KOMROHenmos u ux ceoticmeamu. Iloxkazano nepepacnpedenenue He@hmsaHbix NapagphuHoBuLxX yeiee000p0008 u
acanbmenog mexncoy Hepmvio U BLINABUUMU U3 Hee ACHATLINOCMOIONAPAPUHOBLIMU OMILONCEHUMU.
KiaroueBble ¢10Ba: OTJIOKEHUE, KpUCTAIUIM3AIMSI, TapaduHbI, achalbTOCMOIMCTHIC BEIICCTBA,

aC(i)aJ'H)TCHLI, BBICOKOMOJIEKYJIAPHBIC KOMIIOHCHTEI, HC(I)TL.

A. G. Safiulina, D. A. Ibragimova, L. R. Baibekova, and R. R. Soldatova.

Modeling of Paraffin Wax Deposition Process in Poorly Extractable Hydrocarbon Stock

Asphalt-resin-wax deposits formed during modeling of the process of formation of deposits from oil considered hard
to extract are studied. The mechanisms of asphalt-resin-wax deposition that occurs due to different contents in them
of high-molecular-weight components and their properties are disclosed. It is shown that oil paraffin hydrocarbons
and asphaltenes are redistributed between the oil and the asphalt-resin-wax deposited from it.

Key words: deposit, crystallization, paraffins, wax, asphaltoresinous matters, asphaltenes, high-molecular-weight

components, oil.
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KaTanuTuuecknii akBaTepMoJin3 BbICOKOBA3KOM He(pTH ¢ MCIIOIb30BaAHMEM

TAJNJIATOB :KeJie3a, KoO0aIbTa U MeaH

B pabome npedcmasnenwvi pezynomamoi ucciedosanus cocmasa oopazyiowuxcs @ pe3yibmame pacnaoa npexypcopa
AKMUBHBIX POPM KAMAIUZAMOPa no pe3yiomamam QuU3u4ecKko20 MoOeIupo8anus Ha 0opasye 6bICOK0BA3KOI Heghmu ¢

BbICOKUM CO()eleCCZHueM acgbaﬂbmeﬂoe u cmon. B xauecmee 06vexkmos ucciedo8anus UCNOIb308AHbL



Heghmepacmeopumble Mailamsl Ha OCHO8e Jicenesd, Kooaroma u meou. [ uOeHmupuKayuyu cocmasa 8bl0eieHHO20
NOPOWIKA AKMUBHOU (hopMbl KAMAIU3amopa Ovill NPUMeHeH peHmeeHoCcmpykmypHbiil ananus u. C ucnonv3osanuem
cKanupyiouell 31eKmpoHHOU MUKPOCKONUY OyeHeH pasmep yacmuy kamanuzamopa. Ilo oannvim SARA-ananuza 6wi10
BbISIGNIEHO 3HAUUMENbHOE CHUCEHUE BbICOKOMONEKYIAPHBIX KOMNOHEHMOS Heghmu 3a cuem Kamaiumuiecko2o
mepmuyecko2o kpekunaa. OCHOGHbIM MEXAHUSMOM NPeodPa3068aHUs A6IAeMcs 0eCMPYKYUS 6blCOKOMONEKYIAPHBIX
CoeouHeHUll NO CepocoOepICAUUM CA3AM, O YeM ceudemenbcmeyiom oannsie snemenmuozo CHNS-ananuza. bvino
NOKA3aHO, YMO Hepmepacmeopumblii KOMHIEKCbl HA OCHOGe KOOANbMA U MeOU NPespaujaromcsl 6 Cynb@uoHble
@opmbl, Komniekc Ha ocrose dcenesa — 8 okcuonyio. Coznacho pesyiomamam usmepeHuti CKanupyroujell
91eKMPOHHOU MUKPOCKONUY KAMAU3AMOpaA, pasmep vacmuy cocmasisem oxkono 60 um.

KaoueBrble c1oBa: BHICOKOBSI3Kas HE(Th, KATAIN3ATOP, IPEKYPCOP KaTaau3aTopa, aKBaTepPMOJIH3,

PEHTIE€HOCTPYKTYPHBIN aHAIU3.

D. A. Feoktistov, G. P. Kayukova, A. V. Vakhin, and S. A. Sitnov.

Catalytic Aquathermolysis of High-Viscosity Oil Using Iron, Cobalt and Copper Tallates

The results of a study of the composition of active forms of the catalyst formed upon degradation of the precursor,
based on the results of physical modeling of a sample of high-viscosity oil having high asphaltene and resin contents,
are presented. Qil-soluble iron, cobalt and copper tallates were used as the objects of the study. The composition of
the separated powder of the active form of the catalyst was determined by X-ray diffraction analysis and the catalyst
particle size was determined by scanning electron microscopy. The SARA (saturate, aromatic, resin and asphaltene)
analysis data revealed a marked decrease in high-molecular-weight oil components due to thermocatalytic cracking.
The basic transformation mechanism is breakdown of the high-molecular-weight compounds along the sulfur-bearing
bonds, as indicated by elemental CHNS (carbon, hydrogen, nitrogen and sulfur) analysis data. It is shown that
cobalt- and copper-based oil-soluble complexes turn are converted to sulfide forms and iron-based complex is
converted to oxide form. According to the results of scanning electron microscopic analysis of the catalyst, the
particle size is about 60 nm.

Key words: high-viscosity oil, catalyst, catalyst precursor, aquathermolysis, X-ray diffraction analysis, scanning

electron microscopy.
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MexaHu3M KaTaJIuTHYECKOr0 aKBATEPMOJIM3a TAXKeJI0i He)TH B IJiacTe

IIposeodennvie na mecmoporcoenuu LL>unu nonegvle ucnvimanusa NOKA3aau, 4mo npuMeHeHue Kamaiumuiecko2o
2UOPOMEPMONU3A 8 NAACHEe CNOCOOHO NOHU3UMb 3HAYEHUe 8s3KoCmu msicenol Hegpmu na 70-80%. Dpghexm
coxpansiemcsi 00Ji20e 8pemMs U 3HAUUMENbHO Yyeeauuusaem 000vluy Hedhmu. IKCnepumenmsl OOKA3AU, YMO 8
pes3yiiomanme akeamepmoiusa ymMenbuaromcs cpedHuL? MO]leKy]lﬂprlﬁ eec, codepofcaﬂue mMAMNCENBIX KOMNOHEHMO6 U
2emepoamomos 8 maxceiol negpmu, 6 mo sce epems yeenuuugaemcs coomuoutenue HIC u dons neexux ¢ppaxyuil.

Dhhexm 0bvCHAEMCA XUMUYECKUMU PEAKYUAMU 2UOPOLEHUZAYUY, PACKPLIMUSL YUKILA U 0eCYTb@YyPayul,



UHUYUUPOBAHHBIMU NPUCYMCTNEUEM KAMATUZAMOPA, 8bICOKOU MeMNepamypou 600bl U MUHEPATLHLIM COCMABOM
naacma. Pe3ynomamoi ucciedosanus no380s10Mm Ymeepicoamn, 4mo npuMeHeHue npoyecca Kamauiumuiecko2o
axkeamepmonusa masxcenou Hepmu iN-SitU (8 ycnosusx mecmopodicoenus,) umeem xopouiue mexHuiecKue
nepcneKmuebl.

KaroueBsble cioBa: Tshxenas HeTh, KATATUTHIECKUA aKBaTEPMOJIH3, KaTaIN3aTop, MOHKEHHIE BA3KOCTH, TI0JIEBBIE

HUCIIbBITAHUA.

Mechanism of Underground Heavy Oil Catalytic Aquathermolysis

Field tests carried out in Shengli oilfield showed that underground catalytic aquathermolysis could reduce heavy oil
viscosity by about 70-80% with a long term effect, contributing greatly to oil production increase. Experimental
results proved that average molecular weight and contents of heavy components and heteroatoms of heavy oil
decrease after the treatment and that H/C ratio and light component content increase due to reactions, such as
hydrogenation, ring opening, desulfuration, etc. initiated by catalyst, high-temperature water, and reservoir minerals.
The study results suggest that in-situ catalytic aquathermolysis of heavy oil is technically feasible.

Key words: heavy oil, catalytic aquathermolysis, catalyst, viscosity reduction, field tests.

Huan Shen, Wenyu Zhang

School of Chemistry and Pharmaceutical Engineering, Qilu University of Technology, China,

E-mail: zhangwy@qlu.edu.cn

CuHTe3 NPUBHUTOIO NMOJHKOHICHCATA JINTHATA B KaUecTBe J100aBKH O0ypOBOro pacTBopa: BINsSHHE HA CBOIICTBA
cyCreH3uu 0EHTOHUT — BO/A

Tonuxonoencam auenuma, 001a0aIOWUL OUCNEPCUOHHBIMU U 8000VOEPIHCUBAIOWUMY CBOUCTNBAMU 0TI UCTOTb30BAHUS
6 cmecu DeHMOHUM-800d, CUHINE3UPOBAH MEMOOOM NOTUMEPUIAYUU U3 BOOHOU (ha3bl CyabpoMemun
henonanb0e2uoOnol CMOIbL HA CKeem U3 2YMUHOB0U KUCTIOMbL (OCHOBHO20 KOMROHeHma auenuma). Mccnedosanus
memooom UK-cnexmpockonuu u usmepenue MoAeKyIspHOU MAccol NOTUKOHOEHCAMA NOKA3aMU YCHeUHOe 0CaXCOeHUe
cmonsl. Tlonyuennvlii nOIUKOHOEHCam TUSHUMA UCTONIb308AU 8 Kauecmaee 000asKu 0yposotl scuoxocmu. Jlokazana
€20 AppexmusHocmb 0151 KOHMPOJL 00bemMa GUALMPAMA U PeOSOSUYECKYI0 CIMAOUTLHOCTb NPU INeMNepamypax
cmapenus 0o 200 °C. Ceoticmea noauKoHOEeHCama JUSHUma OMaudarom e2o om OOIbUUHCMEA CUHMEMUYeCKUX
6bICOKOMEMNEPAMYPHBIX PECYISMOPO8 60000MOAYU, KOMOPbLE KAK NPAGUTIO 3HAYUMETbHO NOSLIULAIOM BS3KOCHIb
cmecu. Konnouonwle ceoticmea cmecu OeHmoHum — 800d UCCe008AIUCh MEMOOOM a0CopOyUY U USMEPEHUs 3ema-
HOMEHYUAN08, ObLIL NPEONONCEH B03MONCHBLU MEXAHUIM.

OcHoOBHbBIE TEPMHHBI: OYPOBOI PacTBOP, PEryIATOP BOAOOTA4U OYPOBOTO PACTBOPA, IPUBUTAS COTIOJIMMEPH3AIIHS,

JIMTHUT, IIOJIMKOHACHCAT.

Synthesis of Lignite Graft Polycondensate as Drilling Fluid Additive

and Its Influence on Properties of Water-Bentonite Suspensions

A lignite graft polycondensate having water retention and dispersion properties in a water-bentonite slurry was
synthesized by grafting sulfomethal phenolaldehy (SMP) resin onto a humic acid (main component of lignite) scaffold

through aqueous condensation polymerization. FTIR (Fourier-transform infrared) spectroscopic analysis and



measurement of the molecular weight of the polycondensate confirmed successful grafting of the SMP. The resulting
lignite graft polycondensate used as a drilling fluid controlled the fluid volume and exhibited rheological stability at
aging temperatures as high as 200°C. The properties of the polycondensate distinguish it from most of the
high-temperature fluid-loss additives, which make the slurries excessively viscous. The colloidal properties of the
water-bentonite slurry were investigated by absorption and zeta potential experiments, and a possible mechanism was
proposed.

Key words: drilling fluid, fluid-loss additive, grafting, lignite, polycondensate.
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HccienoBanue MexaHu3Ma KOppo3uu 000py/10BaHus AJ1s1 cO0pa U XpaHeHUs He(TH NPU UCNOJIb30BAHNHM METO1a
3aKa4YKH YIJI€KHCJIOr0 ra3a Ha HU3KOMPOIYKTHBHBIX MECTOPOKIEHUSX

H336ecmno, umo mexnonozus nosviuieHus Hepmeomoauu MemoooM 3aKa4Ku Y2leKUcio20 2a3a umeem pso
HeooCmamKos8, Hanpumep, Koppo3us 060py0osanus, 006pa308aHUue OKAJIUHbL, 3A2PA3HEHUe OKpYcarowel cpeosbl. [l
86100pA ONMUMATLHBIX MEMOO08 3auUmbl HO8EPXHOCMU 000PYO008anUs 0ist cOOPA U XpaneHus Hepmu om
8030€liCMEUs Y2IeKUCA020 2a3d HeODX0OUMO UCCIe008amMb MeXAHUIMbI MAKOU Kopposuu. B dannoii pabome
paccmampugaemcs 00HA U3 KIo4eblx npoodiem npu UCHOIb308AHUL Y2TeKUCL020 2A3a — NPOYecc KOPPO3uu
nogepxnocmu cenapamopa. Hcciedosanucy xapaxmepucmuku npoyecca KOppo3uu, CKOpoCns KOppo3ull u
Xumuyeckuti cocmag npoOyKmos KOppo3uu Ha N0GEPXHOCMU 000PYO08AHU 8 PAZTUYHBIX QYHKYUOHANbHBIX 30HaX. [N
U3MepeHUs UCNONIb308ANUCH: MEMOO 6eCO8bIX NOMEPb, UCCIe008AHUA HA CKAHUPYIOWeM INeKMPOHHOM MUKPOCKONE U
Memoo penmeenozpaguu (Ougpaxyuu penmeeHo8ckux nyyeil). Pezynomamol nokaszviéaiom, 4mo Haubonbuiuii 6K1a0 6
npoyecc kopposuu na nosepxnocmu cmanu mapku Fe-360 A snocum moueunas kopposus, npu 5mom ckopocmbs
KOppo3uu 6 Hauboee ys3euMblx 30Hax moscem docmuzams 0,1358 mm/200, ¢ obpazoseanuem okcuoa Fe203 u
cynvuoa scenesa FeS. Ha kunemuxy u mexanusm xopposuu cmaau mapxu Fe-360 A oxazvieaem erusnue
KOMOUHUPOBAHHDBII I hekm epemenu KOHMAKma u 00vema y2ieKucioeo 2asa 8 CoO4emanull ¢ 0esimenbHOCmbio
cynbpamosoccmanasusalowux bakmepuii. Imom pes3ynbmam no3eoisem paspadbomams Memoosl MUHUMUUPOBAMb
npoodaemMbl KOPPO3UU ¢ NOMOWBIO XUMUUECKOU 3aUumbl U NPABUTLHO20 N00OOPA MamMepuanos, KOHMAKMUPYOUUX ¢
VeNeKUCTbIM 2A30M.

KuiroueBble TepMUHBI: KOPPO3US MOJ] ISHCTBUEM YTIICKHCIIOTO T'a3a, EMKOCTb JJIs COOpa M XpaHeHHs,

KOPPO3HOHHBIH 00pasell, 3aKkauka yIJIeKHCIIOro ra3a, MECTOPOXKACHHUE TPY/IHOU3BIICKAEMON HE(TH.

Study of Corrosion Behavior of Oil Gathering Facilities in Case

of CO2-Flooding in Low-Permeability Oilfields

It is known that enhancement of oil recovery (EOR) by carbon dioxide (CO2) flooding faces an array of challenges,
such as corrosion and scaling of oil gathering facilities, environmental threat, and economic justification. Itis

necessary to study



the corrosion behavior of gathering facilities to adopt optimum measures for protecting them from the corrosion effect
of COz. In this work, we evaluated the CO2 corrosion behavior of the separator — a key component of the surface
facility. Corrosion characteristics, corrosion rate, and composition of corrosion products in different functional
areas of the facility were determined by weight loss method and scanning electron microscopic (SEM) and X-ray
diffraction (XRD) analysis. The results indicate that pitting is the main corrosion characteristic of Fe-360 A steel
facilities and that the average corrosion rate in vulnerable areas may reach 0.1358 mm/yr with formation of FeO-
and FeS. The combined effect of contact time and volume of COz2, in conjunction with the activity of sulfate-reducing
bacteria, influences the kinetics and mechanism of Fe-360 A steel corrosion. This result is of great significance for
minimizing corrosion problems through chemical inhibition and proper selection of materials that come into contact
with COo.

Key words: CO:2 corrosion, gathering facility, corrosion coupon, CO: flooding, low-permeability oilfield.
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YucjieHHOE MO/IeJIMPOBaHNE THAPOPA3PHIBA IUIACTA B CJIA00CIIEMEHTHPOBAHHBIX MEeCYaAHUKAX

B cmamve npedcmasnena demanbHas KOHEYHO-INEMEHMHA MOOETb 05 UCCAEO08AHUS PA3BUMUS 2UOPOPA3PbI&A
niaacma (I'PII) 6 crabocyemeHmuposanHbix necuanukax. Ynpyzoniacmuunas oegpopmayus Mampuysl nopoobsi,
MUSPAYUst HCUOKOCMU NO NOPAM, 0OPA306aAHUE U PA3GUMUE MPEUJUH 2UOPOPBI3PHIBA, A MAK’CE NOMOK HCUOKOCTIU
I'PII 6 npedenax mpewjurvl u NPOHUKHOBEHUE 8 NPOOYKMUBHBIL NAACH PACCMOMPEHbI 83AUMOCBAZAHO.
Hononnumenvnas mooens Cam-clay ucnonvzyemes ona 6onee mounoil oyeHku MExaHuueckux XapaKmepucmux
cnabocyemenmupoganuvlx necuanuxos. llapamempuueckue ucciedosanus ObLIU NPOGedeHsl 01 UCCIE008AHUS
BIUAHUSL NAPAMEMPOS 2UOPOPA3PBIEA HA CIMPYKMYPY mpewun. Hucnennvie pe3ynvmamul NOKA3AAU, YMOo KpaiiHe
KOpoOmKuUe U y3Kue mpeujunsbl 00pasyiomcs ¢ ciyuae, eciu 6y0em Ucnoib308amuvcs HUK0IPhexmusHas HHcuokocms
I'PII 015 06pazosanusi mpewut 68 ciadoCcyeMeHmMuUPOBaHHbIX NECYAHUKAX U 30Hbl OMHOCUMENTbHO20 PACUUDEeHUs
6y0ym 06pazosvieamspcsi no 0be cmopoHvl om mpewjutvl. Hanpomus, 6oaee OnuHHble U WUPOKUE MPEUUHbL,
0bpazosanue Komopwvix dtceramenvio npu nposedernuu I PII ¢ npumenenuem nponanma, mMo2ym Ovlmv noxyyYensl npu
UCNOIL308aHUU 8bICOK0IPPexmusnou sxcuokocmu I’ PIT u psaoom ¢ mpewunoil 6y0ym nosagnimscs 6osee
yniomuennvle 30ubl. OOHAKO, COCMAG 30Hbl YNIOMHEHUs. 0Decneuusaen He3HaAYUmMenIbHOe CHUNICEHUE
nponuyaemocmu. Taxoice noKazano, ¥mo niacmuyeckas deopmayus Mampuybl NOPoObl 3HAYUMENbHO GIUsem HA
2e0Mempuro mpewutsl, Ymo OONIICHO YUUMbl8Amuvcs @ npoekmuposanuu nposedenusi I PI1 ¢ npumenenuem nponanma
6 MeCmOopONCOeHUSIX, NPEOCMABLEHHBIX CLAOOCYEMEHMUPOBAHHBIMU NECUAHUKAMU.

KiwueBble cioBa: ci1aboCIeMEHTUPOBAHHBIN TIECYaHUK, TUAPABIMYECKUI pa3phiBa IJacTa ¢ IPUMEHEHUEM

IIporaHnTa, pa3sBUTHE TPEUIUHBI, paCIIMPECHUEC NIPU CABUI'C YIUIOTHEHUE, YUCIICHHOC MOACINPOBAHUEC.

Numerical Simulation of Hydraulic Fracturing in Weakly Consolidated Sandstone
In this paper, we present an elaborate finite element model to investigate the hydraulic fracture propagation in weakly

consolidated sandstone. Elastoplastic deformation of the rock matrix, pore fluid flow, fracture initiation and



propagation as well as fracturing fluid flow within the fracture and leakoff into the formation are all considered in an
interrelated way. The extended Cam-Clay model is employed to more appropriately characterize the mechanical
behavior of the weakly consolidated sandstone. Parametric studies have been performed to unveil the effect of
fracturing parameters on the fracture patterns. The numerical results indicated that extremely short and narrow
fractures would be generated if low efficiency fracturing fluid is used to fracture the weakly consolidated sandstone
and shear dilation zone would appear on both sides of the fracture. In contrast, longer and wider fractures as desired
by the frac-pack operation can be obtained if high efficiency fracturing fluid is used and compaction zone would
appear near the fracture. However, the compaction is mild and the permeability decrease within the compaction zone
is negligible. It is also shown that plastic deformation of the rock matrix would significantly influence the geometry of
the fractures, which should be considered while conducting frac-packing in weakly-consolidated sandstone reservoirs.
Key words: weakly consolidated sandstone, frac-pack, fracture propagation, shear dilation, compaction, numerical

simulation.
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O1eHKa 1 MpUMeHeHNe OJIOKHPYIIEro areHTa HA OCHOBE IIeMEHTa HA He(PTAHBIX MEeCTOPOKIEHUAX
Bnoxupyrowue azenmul ha ocnose yemenma nocmenenHo NPUHAIOMCA U HAYUHAIOM MACCO80 UCNOIb308AMbCSA NPU
Paspabomre MecmopoHcOeHUll 8 CULY UX OeleBU3HbL U NPUeMaAeMbIX noKkasamenetl. [{ns y0osnemeopenus
mpebdosaHuil K paouanbHOMY 6UPBICKY HEOOX0OUMO 8bleeCuU YOPMYIY OYeHKU U 8bI0pamsb NOOX0OAWULL pasmep
yacmuy 05l NApaAMempo8 mo2o Uiy UH020 Mecmopodcoenus. bolnu nposedensi 1abopamopubie UCC1e008anUs
83AUMOCEA3U MeNCOY pacnpedeieHueM YeMeHmMHbIX Yacmuy no pamepy U NPOHUYAeMOCMbIO 3aledCU, OblLl OnpeoeneH
onoxupyrowull a¢pghexm yemenma 8 niacme, a maKmce OyeHeHa NPAKMUYHOCMb €20 NONYIAPUIAYUU U BHEOPEHUS.
Peszynomamul nokasvieaiom, ymo yemenm ¢ MeOUaHHbIM 3HaAYeHUueM pasmepa Yacmuy meHee 5 MKM CO8MeCmum

6 UCNONL306ANUI C NAACMAaMU UMeIowWuMU dhhexmusnyio nponuyaemocmv om 50 0o 2001073 mxm?, ¢ pazmepom
yacmuy om 5 00 10 MKM cogMeCmuM 8 UCTIONb308AHUY C NIACMAMU UMEROWUMU P DEKMUBHYI0 NPOHULAEMOCHb OM
200 00 400 1072 mxm?, wacmuywl evie 20 MKM COEMECIUMbL 8 UCTOIb308AHUL C NAACHAMU UMEIOWUMU
ahpexmusnyio nponuyaemocmo om 400 0o 700 1072 mxm?. Bo écex cryuasx cmenens 6noxkuposku docmuzana 90% 6
cyyae UCNONb308AHUSL CONOCMABUMBIX 3HAYEHUU. DMO BHOCUM CBOIL 8KIAO 8 npedomsepaujerue Oecnoie3Ho20 YuKia 8
npoyecce 00800HEHUSI HEDMAHO20 MECMOPOACOCHUS HA NOJIHOBOOHOU CIAOUU U YCKOpsem HeOpeHUe
NPAKMUYECK020 NPUMEHEHUS. MeXHOL02ULl O10KUPOBKU.

KioueBble c10Ba: HEMEHTHPYIOUINE MaTEepUalIbl, TPUTOTOBICHHE OJIOKUPYIOIIErO areHTa, OleHKa

ITPOU3BOAUTEIIBHOCTH, TEXHOJIOTUU 6J'IOKI/IpOBKI/I CKBa’>XWHBHI, He(bTHHaH ITPOMBIIIIIICHHOCTD.

Evaluation and Application of Cement-Based Blocking Agent in Oil Reservoir



Blocking agents made of cement are gaining recognition and are being used widely in development of oilfields
because of their satisfactory performance and low price. For meeting the requirements of radial blocking agent
injection, it is necessary to carry out cement performance evaluation and select the particle size compatible with the
oil reservoir parameters. A laboratory investigation of the relationship between cement particle size distribution and
formation permeability was carried out recently, the blocking effect of cement in the reservoir was evaluated, and the
practicability of its popularization and application was estimated. The results indicate that cement having median
particle size lower than 5 mm is well compatible with reservoir having effective permeability from 50 to 200-10-2 mm?,
cement having median particle size in the 5-10 mm range is compatible with reservoir having effective permeability
from 200 to 400-10-2 mm?, and cement having median particle size larger than 20 mm is compatible with reservoir
having effective permeability from 400 to 700-10-2 mm?. In all cases, 90% blocking was achieved when these
compatible values were used. This will contribute to avoidance of futile cycle in high water cut stage in oilfield
flooding process and accelerate application of blocking technology.

Key words: cementing material, preparation of blocking agent, performance evaluation, blocking technology,
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CpaBHeHHe CBOIICTB HHTHOUTOPOB B NOAABJECHHN T'HAPATAIINH, Pa30yXaHUs

U TNCTIEPTHPOBAHUSI TJTHHUCTHIX CJIAHIEB

B cmamwe uccnedosanvt uneubupyrowue ceolicmea uHeuOUMoOpo8 015 2IUHUCIBIX CLAHYE8 HA OCHO8e 00pa3yo8
dobvimulx 6 cranyesom croe Longmaxi. Oyenusanaco uneubupyiowds CRoCoOHOCMb UCX005 U3 mecma
60CCMAHABIUBAEMOCTU, CKOPOCHU TUHEUHO20 HAOYXAHUS U 00beMa MENCCIOUHO20 NPOCMPAHCMEA. Y CmaHoseHo,
umo K2Si03 nokasvieaem Heconocmasumo nyuuiue 3Ha4eHust 8 UHUOUPOBAHULU 2UOPAMAYUU OMHOCUMENLHO NPOYUX
HeOpeaHuYecKux a2eHmos, 6 mo 6peMst Kax NOJUAMUH SIGTAEMC L MAKOGbIM Cpedu opeanuieckux gewjecms. Lllenounas
cpeda bonee 3¢hhexmuena 0Jist NOOAGACHUSL OUCNEPCUL 2TUHUCTNO020 CIAHYA, 8 MO 8PEeMsl KaK HelUmpaibHas He
oKa3vbl8Aem HA SMOM NAPAMEMP HUKAKO20 GIUSAHUS, A KUCIOMHAS HANPOMUE e20 0adice yseauyusaem. bonvuiuncmeo
UHSUOUMOPOB HE CNOCOOHO 0OHOBPEMEHHO NOOABUMb U OUCNEPCUIO, U PACUUPeHUe 2TUHbL, BCe0CMBUe Ye2O0
HEe00X00UMO 00vLEOUHAMb UX, 00CMUASL CUHEeP2UYeCK020 dpdexma 6 ux Oeticmeuu.

KiroueBble cJ10Ba: TIIMHUCTHIC CJIaHIIbl, IUCIICPCHU, Ha6YXaHI/Ie, CJIaHIIbI.

Comparison of Inhibitive Prpperties of Clay Shale Hydration,

Dispersion and Swelling Inhibitors

In this paper, the shale hydration inhibitive properties of conventional shale inhibitors were studied with reference

to Longmaxi shale. The inhibition was evaluated by rolling recovery test, linear swelling rate test, and clay interlayer
space test. The results indicate that K2SiO3 exhibits far better clay hydration inhibition than other inorganic shale

inhibitors, while polyamine is superior to other organic shale inhibitors in clay hydration inhibition. Besides, alkaline



environment is more effective in suppressing shale dispersion, neutral environment has little impact on shale
dispersion suppression, and acidic environment is incapable of suppressing shale dispersion and, on the contrary,
may even promote shale dispersion. Moreover, most of the inhibitors are incapable of suppressing clay dispersion
and expansion simultaneously, because of which shale inhibitors should be used in conjunction to suppress clay
hydration, dispersion and expansion by their synergistic effect.

Key words: shale inhibitor, hydration, dispersion, swelling, shale.
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HoBplii npu6op u MeTOAbI N3YUYEHHUSI CTPECCOYYBCTBUTEIHLHOCTH KANMUIJISIPHOTO JaBJIEeHUSA

B cmamve npedcmasnen Hoswiii IKCnepUMERMATbHBLI HPUOOP O/ U3YUEHUsT CIMPeCCOUYBCMBUMETbHOCMU
KanuiiApHo20 oaesnenus. ﬂemaﬂbHO npeécmaeﬂeHbl KOMNOHEHMbl npu6opa, UCCIe0068aHo 3awunHoe ycmpoﬁcmeo
015 noaynponuyaemvlx memopan. Ipubop oaem ciredyrowue nPeumMyuecmsd.c e2o NOMOUbIO 8 UsMePUMeIbHol
cucmeme noo oaeénerHuem moecym ObImb NOJIY4€enbl moinble pe3yibmamaosl U OOCMMZHyI’I’lO 6blCOKoe 0pena9+cnoe
oasiieHue, mepmMocmanm no0oepIHcUsaem eOUHY0 memMnepamypy 8 Xo0e 6ce20 npoyeccd, YCmpaHss ee GIusiHue Ha
CMpeccoyy8cmeumenbHOCHy KanuiiapHo2o oasienus. Temnepamyprulil d¢hgexm modcem Oblmb uzyuer nymem
U3MEHERUA napamempos mepmocmama. Boinu npoeedenbz IKCNnEpUMERNbL HA 00HOM 8UOe nopoc) npu UsmMeHerHuu
2OPHbBIX OQGﬂeHuﬁ, HO COXpAaHeHUU HEeEUSMEHHbIM ()peHanCHOZO oasnenus. Ocnoeblsasce Ha anaiuse
IKCNEPUMEHRMATIbHBIX aaHHblx, YCMAHOBIEHO, YO KanuiisipHoe oaesnenue nodeepafceHo BIUSIHUIO OABJIEHUS
gvluleniescauiux Cciuoes.

KiroueBble cjioBa: CTPECCOYYBCTBUTCIIBHOCTD, KAITUJJIAPHOC NaBJICHUC, 3KCHepI/IMeHTaJIBHI)II\/'I HpI/I60p, METO

MOy IPOHUIIAEMON MEMOpPaHBI.

New Device and Methods for Studying Stress Sensitivity of Capilary Pressure

In this paper, a new experimental device for studying the stress sensitivity of capillary pressure is introduced. The
components of the device are described in detail and a device for protecting a high-pressure semipermeable plate is
investigated. The device offers several advantages: 1) a pressurized measurement system allows accurate
measurement and attainment of high drainage pressure and 2) a thermostat maintains constant temperature
throughout the experiment, eliminating the effects of temperature on capillary pressure stress sensitivity. Further,
very interesting experimental schemes that have rarely been discussed earlier are proposed, and an exploratory
investigation of a single rock type under different confining pressures but same drainage pressure is elaborated.
Finally, based on analysis of the experimental results, it is concluded that capillary pressure is affected by overburden
pressure.

Key words: stress sensitivity, capillary pressure, experimental device, porous plate method.
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