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b. II. Toukonozos, A. 10. Kunakoea, /. H. /layou, A. /I. Cnupuoonosa, A. IO. Kpwinosa, P. 3. Caghuesa

PT'Y medn u raza (HUY) umenun U. M. I'yOknHa

anakil@yandex.ru

[IpumeHeHue OMOYIJs B Ka4eCTBE HATIOJHUTEISI MOJTAMOYEBHHHBIX CMa30K

B pabome uzyuena 6o3modcnocmv ucnonv3oeanus OUoy2is pacmumenbHo20 NPOUCXOHCOCHUS @ KAuecmeae
HanoaHumers NoAUMOYEeSUHHbIX NAACIUYHBIX CMA30K U OYEHEHO e20 GIUAHUE HA UX IKCHLYAMayUoHHble CEOUCMEA.
Ipu nonyuenuu cmazox 6 Kawecmee OUCNEPCUOHHBIX CPed UCTONb308AAU Hedhmanoe macho 111 epynnvl u crodicHbiil
ahup ouokmunadunuram, a 6 Kawecmee 3a2ycmumeiss — oumouesury konyenmpayuei 20%. Yemanoeneno, umo
cmasku, codepacawgue 5—15% mac. 6uoyaisa, ayuule yMeHbuwaom ouamemp namua U3HoCca u Xapaxkmepusyiomes oosee
8bICOKOU KOIOUOHOU CMAOUTbHOCMbBIO NO CPABHEHUIO ¢ 00pA3yamu, He cooepacawumu ouoyeonn. JJobasxka k
oucnepcuonubim cpedam 1% mac. 3azywaroweti noruuzodbymunenosoi npucaoxku IHHUL 10 yryuwaem
IKCNILYamMAaAyUOHHbIe CEOLUICTNEA CMA3KU.

KiroueBble cioBa: OMOYToJb, MOJIMMOYEBUHHBIE CMa3KH, TPHOOIOTUYECKIE XapaKTEPUCTUKH, PEOIOTUIECKIE
XapaKTEPUCTHUKHU.
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B. P. Tonkonogov, A. Yu. Kilakova, D. 1. Daudi, A. D. Spiridonova, A. Yu Krylova, R. Z. Safieva

Gubkin Russian State University of Oil and Gas (National Research University)

Application of Biochar as a Filler of Polyurea Lubricants

The possibility of using plant-based biochar as a filler for polyurea greases was studied and its effect on their
performance properties was evaluated. In the preparation of lubricants, group 11l petroleum oil and dioctiladipinate
ester were used as dispersion media, and dimourea with a concentration of 20% was used as a thickener. It was found
that lubricants containing 5-15 wt.% biochar, better reduce the diameter of the wear spot and are characterized by
higher colloidal stability compared to samples that do not contain biochar. Additive to dispersion media 1 wt.% of the
thickening polyisobutylene additive PIB 10 improves the performance properties of the lubricant.

Key words: biochar, polyurea lubricants, tribological characteristics, rheological characteristics.

P. P. 3axueea’, H. I0. Bawkupyeea', C. M. Ilempos’, A. H. Jlaxoea’’

'Kasanckuil HAIIMOHAJIBHBIN MCCIIEN0BATENHLCKUN TEXHOIOTHYECKUI YHUBEPCUTET,

?KasaHCKuii (IpUBODKCKHIT) (enepabHblii yHUBEPCHUTET,

Lfm59@mail.ru

OobnaropaxuBaHue TsKeJI0H HePTH

B FTH/IPOTePMAJIBHOIL cpelie B MPHUCYTCTBHH MOAM(DHIUPOBAHHBIX ATIOMOCHINKATOB

IIpedcmasnensl pe3yibmamoi 001a20PANCUBAHUS ceepxmadicenoti Hedpmu niomuocmoio 0,9857 o/cm’

¢ codeparcanuem cepwl 3,6% mac. é cpede nepecpemozo napa npu memnepamype 355-375°C u dasnenuu 0o 14 Mlla 6
IPUCYMCMBUU MOOUDUYUPOBAHHBIX IHCENE30M NPUPOOHBIX ANIOMOCULUKAMO8. Mcnonb308anue MoOUDUYUPOBAHHBIX
ANIOMOCUIUKAMOB, COOEPAHCAUWUX OKCUOBL JHCene3d, ANIOMUHUS U KDEMHUS, 8 npoyecce 0011a20padiCUBAHUs MANCEN0U
Hegmu npuseso K 08YKPAMHOMY CHUNCEHUIO COOEPAHCAHUS 8 Hell CMOIUCTO-ACEHATLIMEHOBbIX KOMNOHEHMOB.

Kpome moeo, npoyecc 06]16120]?61.7!6‘146611-1”}1 npueei K yeeiuderuro COdepOfCClHM}Z 6 J1ecKUX qbpam;uﬂx, BblKUNarwux



0o memnepamypul 300°C, npeobpazo8anHol Hehmu pazeemeieHHbIX AIKAHO8 001A0AIOUUX BbICOKUM
OKMAHOBLIM YUCIOM, A MAKIHCE K CHUMNCEHUIO 8a3Kkocmu Hegpmu Ha 60%.

KiroueBble ¢j10Ba: THAPOTEPMAIILHBIC CUCTEMBI, TSKEJask BBICOKOBSI3Kast HE(Th,
xKese3zocoaepkaumil anmomocunukar, SARA ananus.

DOI 10.32935/0023-1169-2021-627-5-9-13

R. R. Zakieva', N. Yu. Bashkirtseva', S. M. Petrov', A. 1. Lakhova®*

'Kazan National Research Technological University,

?Kazan (Volga region) Federal University

Upgrading of Heavy QOil in a Hydrothermal System in the Presence of Modified Aluminosilicates

The results of upgrading heavy crude oil with a density of 0.9857 g/cm’ and a sulfur content of 3.6% wt. are
presented. In an environment of superheated steam in the temperature range 355-375°C and pressures up to 14 MPa
in the presence of iron-modified natural aluminosilicates. The use of modified aluminosilicates containing oxides of
iron, aluminum and silicon in the process of upgrading heavy oil led to a twofold decrease in the content of
resinous-asphaltene components in it. In addition, the upgrading process led to an increase in the content in light
fractions, boiling up to a temperature of 300°C, of the converted oil of branched alkanes with a high octane number,
as well as to a decrease in oil viscosity by 60%.

Key words: hydrothermal systems, heavy crude oil, iron-containing aluminosilicate, SARA analysis.

E. I'. Mouceesa, A. H. Jlaxoea, C. M. Ilempos, H. I0. bawkupueea

Kazanckuil HalMOHANBHBINA UCCIEI0BATEIBCKUN TEXHOJIOTHYECKUN YHUBEPCUTET,

Lfm59@mail.ru

KonBepcus cBepxBsa3Koii He()TH AIIATLYNHCKOTO MECTOPOKAEHUSI B MPUCYTCTBUU AKTHBHOTO YIJIsl U
CBEPXKPUTHYECKOTO BOTHOTO (hrronia

B cmamve npeocmasnensvl pezynvmamul nepsutHoU nepepabomKu msicenol ceepxesa3Koll Hepmu 6 NPUCYIMCMEUU
Vensl U CePXKPUMULECKO20 B0OH020 (hiouda, no380as0ulell 3HAYUmMeIbHO CHU3UMD 8 ee COCABe COOePIICaAHUe Cepbl
U CMOTUCMO-ACHATLINEHOBBIX BEUYECME, VEEIUUUND KOTULECHBO CEEMIbIX MONIUGHBIX pakyull. Buviserensi
omaudumensHvlie 0COOEHHOCU USMEHEHUsI COCMABA U C8OUCME HCUOKUX NPOOYKIMO8 KOHBEPCUU C8EPXBA3KOU Hedhmu
6 euopomepmanviom ¢garoude npu memnepamype 420°C, a maxoice 6 NPUCYMCMEUU AKMUBHO20 Yeiisi NPU
memnepamype 375°C. [lokazana 803MONCHOCHb CHUJCEHUSL MeMNEPAmypbl KOHBEPCUU CBEPXBA3KOU Hedhmu 3a cuem
HAIuyus 8 peakyUoHHOU cpede aKmueHo20 Y. YcmaHnosieHo, ymo 0opazosanue c6emaslx paxyuti

8 NPeobpPaA308aAHHO C8EPXEA3KOU Hehmu 8 2UOPOMEPMATbHOM roude 8 NPUCYMCMBUU AKMUBHO20 Yeiisl NPOUCXOOUM
3a cuem 0eCmpyKyuu CMOIUCIO-ACHATbMEHO08bIX KOMNOHeHMO08. Paspabamvieaemas mexHono2us HanpaeieHa

Ha 3K0N02UYeCKU De30NACHYI0 U Oe30CMAMOUHYI0 NEPepadOmKy MANCENbIX Yele8000POOHbIX PeCyPCO8 C NOLYYeHUEM
KauecmeeHH020 Cblpbsl, 0002aujeHH020 MONIUBHBIMU PPAKYUAMU.

KiioueBble cj10Ba: aKBaTEPMOJIU3, TSDKENAs CBEPXBs3Kas He(PTh, aKTUBHBIN YTOJb, PEHTTEHOCTPYKTYPHBIN aHAIU3,
3JIEKTPOHHAS MUKPOCKOTIHSI.

DOI 10.32935/0023-1169-2021-627-5-14-19



E. G. Moiseeva, A. I. Lakhova, S. M. Petrov, N. Yu. Bashkirtseva

Kazan National Research Technological University

Processing of Heavy Crude oil in the Presence of Coal and a Supercritical Aqueous Fluid

The article presents the results of the primary processing of heavy crude oil in the presence of coal and a supercritical
aqueous fluid, which makes it possible to significantly reduce the content of sulfur and resinous-asphaltene substances
in its composition, and to increase the amount of light fuel fractions. The work revealed the distinctive features of the
change in the composition and properties of liquid products of the conversion of crude oil in a hydrothermal fluid at a
temperature of 420 ° C, as well as in the presence of activated coal at a process temperature of 375 ° C and a similar
pressure. The possibility of reducing the conversion temperature of crude oil due to the presence of active coal in the
reaction medium is shown. It has been established that the formation of light fractions in the transformed heavy crude
oil in a hydrothermal fluid in the presence of active coal occurs due to the destruction of resinous-asphaltene
components. The developed technology is aimed at environmentally safe and residue-free processing of heavy
hydrocarbon resources to obtain high-quality raw materials enriched with fuel fractions.

Key words: aquathermolysis, heavy crude oil, activated coal, X-ray diffraction analysis, electron microscopy.

A. A. Kyuuepckas, A. B. /luaxoeckasn, A. P. Caiipymounoea, A. Il. Cemenos, A. A. Hoeuroe

PT'Y nedn u raza (HUY) umenu U. M. ['yOkuna;

novikov.a@gubkin.ru

AnnpoxcuManusi rPaHUIBI PACCIO0EHHS B TPOIMHBIX CHCTEMAX BOJAa —THIPOTPON — MAacJI0

B oannoii pabome uzyuenvt mpotinvie cucmemsvl 6004 — 2-0ymMoKCUIMAHON—MONYO], 800d — MEMAHOJ — XJ0POPOPM
U 800a — MEMAHOJL — OUXIOPMEMAaH. IKCNePUMEHMANLHO ONpedeNeHO NON0HCEHUe 2PAHUYbL PACCIOeHUs U NPOBEOeHA
ee annpoKcuMayus pasnuidHblMy QyHKkyuamu. Beiasnenvt ocHoHble NpUYUHDL, NPEnAmcmsyoujue
Y0061emeopuUmenbHol annpoKCUMAyUuL 2panuy pacciloenus IMIUPUIeCKUMU QYHKYUAMU C MANBIM YUCTIOM
ONMUMUSUPYEMBIX NAPAMEMPOS. YCMAH06IEHO, YMO annpoKCUMAayus 2paHuy paccioeHus 6 mpoUHbX CUCTEMAX
Modicem 6bimb NPOGedeHa NOTUHOMUATLHBIMU U KYCOUHO-2NA0KUMYU PYHKYUAMU C NOZPEUHOCMbIO,

CPABHUMOT C OWUOKOU IKCIepUMeHmA.

KioueBble c10Ba: paBHOBECHE )KUIKOCTh — >KUAKOCTb, aicOPOLUs, KpUTHUYECKUE (PIyKTyanuu, pacTBOPUMOCTb.

DOI 10.32935/0023-1169-2021-627-5-20-22

A. A. Kuchierskaya, A. V. Diyakovskaya, A. R. Sayfutdinova, A. P. Semenov, A. A. Novikov

Gubkin Russian State University of Oil and Gas (National Research University)

Approximation of the Separation Boundary in the Water-Hydrotrope-Oil Ternary Systems

In this work, we studied the ternary systems water — 2-butoxyethanol — toluene, water — methanol — chloroform and
water — methanol — dichloromethane. The separation boundary was experimentally located and approximated by
various functions. The main reasons are revealed that prevent a satisfactory approximation of the separation
boundaries by empirical functions with a small number of optimized parameters. It is found that the approximation of
the separation boundaries in ternary systems can be carried out by polynomial and piecewise smooth functions with
an error comparable to the uncertainty of the measurement.

Key words: liquid-liquid equilibrium, adsorption, critical fluctuations, solubility.
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AncopOums ¢eHoIa HUTPO- H AMHHONIPOM3BOIHBIMH He(PTAHBIX achaIbTEHOB

H3yuenvi copbyuonnvle C60UCMEA HAMUSHBIX U MOOUPUYUPOBAHHBIX HEPMAHBIX ACPHATLIMEHOE NO OMHOULEHUIO

K enony 6 cmamuueckux ycnosusx. Moouguxkayus acghanrbmenos ocyuecmsianiacs HUmMposaHuem ¢ noCieoyiouum
soccmanognenuem cynvguoom nampus. Ha ocnosanuu nonyueHnvix OaHHbIX NOCMPOEHbl U30MepMbl cOpOYUU penona
U paccyumansl ypasHeHus npoyeccog aocopoyuu. Hatioeno, umo naubonee koppekmmo uzomepmul adcopoyuu mozym
Ovimyb onucanvl ypasnenuamu Ppeiinonuxa u Jlenemiopa. Bviasneno, umo npoyecc ocywecmeniemes

3a cuem Qusuueckou aocopoyuu.

KawueBble cioBa: acanbTeHbl, HUTpoachalbTeHbl, aMUHOAC(HAIBTEHBI, COPOEHTHI, ()EHOI, CTOUHBIE BOABI,

Mozenb Jlearmiopa, Mmonens Opernanuxa, moaens Jlyonanna — Panymikesuya.

DOI 10.32935/0023-1169-2021-627-5-23-27

0. A. Nagornovd', L. E. Foss', K. V. Shabalin’, L. I. Musin', D. N. Borisov', M. R. Yakubov’

'FRC Kazan Scientific Center, Russian Academy of Sciences

?Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center, Russian Academy of Sciences
Nitro- and Amino Derivatives of Petroleum Asphaltenes: Application to Phenol Adsorption

The sorption properties of native and modified petroleum asphaltenes with respect to phenol have been studied under
static conditions. Modification of asphaltenes was carried out by nitration, followed by reduction with sodium sulfide.
Based on the data obtained, phenol sorption isotherms were constructed and the equations for the adsorption
processes were calculated. It was found that the adsorption isotherms can be described most correctly by the
Freundlich and Langmuir equations. It was revealed that

the process is carried out due to physical adsorption.

Key words: asphaltenes, nitroasphaltenes, aminoasphaltenes, sorbents, phenol, wastewater,

Langmuir model, Freundlich model, Dubinin — Radushkevich model.

M. C. Konuuwir!, II. A. I'vuwun’, A. A. Ilanuenko’, ®. B. Tumodgpees?, /I. H. Coxonoe’, A. A. Hosuroe'
'PI'Y nedru u raza (HUY) umenn U. M. I'yGkuna,

’Hay4HO-HCCIIeJOBATENbCKUM MHCTUTYT Ipo0OieM xpanenus Pocpesepsa (PI'BY HUUIIX Pocpesepsa)
novikov.a@gubkin.ru

OmnpenesieHue ecTeCTBEHHOI yObLIM 0€H3UHA M JU3€JbHOI0 TOILIUBA

NP4 XpaHeHUHU B pe3epByapax

B oannoii pabome uzyuenst npoyeccol ucnapenusi 6eH3uUHa U OU3eIbHO20 MONIUBA NPU UX XPAHEHUU.
IIpogedena oyenka memnepamypHou 3a8UCUMOCIU COOEPAHCAHUS NAPO8 Y2Tle8000P0008 8 230601l paze HAO

Heghmenpodykmamu. YcmanoeieHo, ymo 3KcnepumMeHmaibHbvle OaHHble HAULYYUWUM 00pa3om



ONUCHIBATOMCS IMAUPUYECKUM YPABHEHUEM HA OCHOGe YypasHeHuss Aumyana. IIpeonoosicen aneopumm paciema
ecmecmeenHol yovlau OeH3UHa U OU3ENbHO20 MONIUBA, A MAKHCE BO3ZMONCHOCIU e CHUICCHUS.
KioueBble ci10Ba: IOTEpH M3-3a UCNIAPEHHUS, YpaBHEHHE AHTyaHa, paBHOBECHE ra3 — XHUIKOCTh, KOIeOaHus

TEMIIEPATyPHI.
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D .S. Kopitsyn', P. A. Gushchin', A. A. Panchenko', F. V. Timofeev’, D. N. Sokolov’, A. A. Novikov'

" Gubkin Russian State University of Oil and Gas (National Research University)

? Federal State Budgetary Institution Scientific Research Institute for Storage Problems of Rosreserv

Determination of Natural Loss of Gasoline and Diesel Fuel during the Tank Storage

In this work, we studied the processes of evaporation of gasoline and diesel fuel during their storage. We assessed of
the temperature dependence of the content of hydrocarbon vapors in the gas phase over petroleum products. It was
found that the experimental data are best described by the empirical equation based on the Antoine equation. An
algorithm is proposed for calculating the natural loss of gasoline and diesel fuel, as well as approaches to its
reduction.

Key words: evaporative losses, Antoine equation, vapor-liquid equilibrium, temperature oscillations.

A. C. Copokuna', E. A. Bypoé', B. H. Kowenee', /I. B. Heanosa', I'. M. Illaiioyrnuna?, /I. B. Paxoé’

'PT'Y medru u raza (HUY) umenn U. M. I'yOkuna,

23A0 «JIEKO IIEHTP-M»

sorokina.as@gubkin.ru

XpomaTorpadguiecKkne MeTOIbI UCCIET0BAHUS YIJIEBOTOPOIHOT0 COCTABA TH3EIbHBIX TOIJIHB

IIposedeno uccredogamiue epynnogozo yeie8000pooHO20 cOCMABA 6A308bIX TEMHUX OUIETLHBIX THONIUE PAZTUYHBIX
Hegpmenepepabamvisaiowux 3a60008 Poccuu ¢ npumenenuem memoooeg 2az060u u 6blcOK03PPeKmueHol
arcuoxkocmuol xpomamoepaghuu. Ilokaszano, umo sKcnepumMenmanbhbie pe3yibmanvl, NOLYYeHHble ¢ NOMOUBIO
OaHHBIX MEMO008, d UMEHHO COOEPICAHUE HOPMATLHBIX NAPAPUHOS, CyMMapHoe cooepicanue napagpuno-
HAGMEHOBLIX U APOMAMUYECKUX Yele8000P0008, He 0aiom 00CMAMOYHOU UHDOPMAYUU OISt RPOSHOZUPOBAHUS
DUBUKO-XUMUYECKUX U IKCITYAMAYUOHHBIX CEOUCME OU3ETbHBIX MONAUS. [ 6oNee 0emanbHO20 U3yueHus.
Y211e6000POOH020 COCMAE OU3ETbHBIX MONIUE ObLI NPUMEHEH MemOo0 08YMEPHOU 2a3080U XPOMAMO-MACC-
CcnekmpoMempu, NO380ISLOWUL ONPEOelumb COOMHOUWEHIE HOPMATbHBIX U UB0AIKAHOG, COOEPICAHUE MOHO-, OU- U
NOIUYUKIUYECKUX HAGDMEHOBIX U APOMAMULECKUX VeTIe8000P0008 U 00bACHUMb PAZIUYUSL MEHCOY VeaeB000POOHbIM
COCMABOM MONIUG, XAPAKMEPUZVIOWUXCI CXONCUMU IKCNILYAMAYUOHHBIMU HOKA3AMENSIMU.

KioueBblie ¢j10Ba: TU3EITbHOE TOIUTMBO, KCITyaTAllMOHHBIE CBOMCTBA, IPYMITOBOI YIICBOAOPOIHBIN COCTAB,
ra30’KUIKOCTHAS XpoMaTorpadus, BEICOK0I(PPEKTUBHAS KUIKOCTHAS XpoMaTorpadus, IByMepHas ra30Bas XpoMaro-
Macc-CIEeKTPOMETPHSL.
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Chromatographic Methods for Analysis of Hydrocarbon Composition of Diesel Fuel

A study of the hydrocarbon-type content of the base summer diesel fuels of various oil refineries in Russia was carried
out using the methods of gas chromatography and high-performance liquid chromatography. It is shown that the
experimental results obtained using these methods, namely the content of normal paraffinic, the total content of
paraffin-naphthenic and aromatic hydrocarbons, do not provide sufficient information to predict the physicochemical
and performance properties of diesel fuels. The method of two-dimensional gas chromatography-mass spectrometry
was applied for a more detailed study of the hydrocarbon composition of diesel fuels, which made it possible to
determine the ratio of normal and isoalkanes, the content of mono-, bi- and polycyclic naphthenic and aromatic
hydrocarbons, and to explain the differences between fuels with similar performance characteristics.

Key words: diesel fuel, performance properties, group hydrocarbon composition, gas liquid chromatography,

high-performance liquid chromatography, two-dimensional gas chromatography-mass spectrometry.
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Biausinue KOHCTPYKIMHM KPaHa-103aTopa HAa 3(P(PeKTUBHOCTH AaHATHU3A

HeCTA0OUJIbHOIO0 ra30BOr0 KOHIeHCaTa

IIpu ananuze HecmabunbHO20 24308020 KOHOEHCAMA ¢ UCNOIb308AHUEM NPSIMO20 8600a NPOOLL 8 XPOoMamozpag
CyujecmeeHHoe GusAHUEe HA MOYHOCHb U NOSMOPAEMOCb AHAIU3A OKA3bIBAEN) KOHCIMPYKYUOHHbIE 0COOEHHOCU U
pabouue napamempyvl Kpana-0ozamopa. B 0annoil pabome uzyueHo eusHue Ha 3PHexmueHocms aHaiu3a
HecmabunbHo2o 2a3068020 kondencama (I'CO 10525-2014) npu 6600e npobul 6 xpomamozpagh b6e3 pazeazuposanus
Xapakxmepucmuk KpaHog-003amopos 08yX munog: 003amopa npod 6biCOK020 OA6/LeHUsL 8 6blCOKOMEMNEPAMYPHOM
UCNOJIHEHUU U KPAHA-003aMOPA € UHICEKMOPOM becunpuyeso2o 6600a. Ilokazano, 4mo ucnonv3o8anue Kpama
003amopa ¢ 0602pesaembiM WMOKOM NO380JI8em 00CMUYb BbLCOKUX MEMPOLOSULECKUX XAPAKMEPUCTUK.

TIpu ucnonv3osanuu KpaHa-003amopa ¢ UHICEKMopom 6e3 060epesa wmoka Haba0aN0Ch CyuecmeeHHoe
OMKIIOHEHUe Pe3yIbmamos AHAIU3A OM HOPMAMUGHBIX Mpebosanull 0Jis yeneo0opo0os Hauunas ¢ Cas.
KiroueBblie cj10Ba: KpaH-03aTOpP, HECTAOUIIBHBIN Ta30BbI KOHJCHCAT, YCTPOWCTBO BBOA MPOOKI, pa3ra3upoBaHuE.
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Influence of the Dispenser Valve Design on the Efficiency

of Analysis of Unstable Gas Condensate



When analyzing unstable gas condensate using direct sample injection into the chromatograph, the design features
and operating parameters of the sampling device have a significant impact on the accuracy and repeatability of the
analysis. In this work, the influence of the characteristics of two types of sampling devices was studied: a
high-pressure sampler in a high-temperature design; a sampler with a syringe-free injector, on the efficiency of the
analysis of unstable gas condensate (GSO 10525-2014) using the direct injection method. It was shown that the use of
a high-pressure sampler in a high-temperature design allowed achieving high accuracy and repeatability of analysis
(data correspond to STO Gazprom 5.5-2007). When using a standard sampler, a significant deviation from the
regulatory requirements for hydrocarbons starting from Cas was observed.

Key words: sampling device, unstable gas condensate, probe degassing, accuracy, repeatability, gas

chromatography.
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IIpousBoanbie 2,5-numMepkanto-1,3,4-Tuaguaszosna B kKauecTBe MHOTO(YHKIIMOHAIBHBIX IPUCAIOK

K CMa304HBIM MacJjiaM

Hccredosanus 6 obracmu npucadok no ceti 0enb OCMArmMcs 3SHAYUMbIMUY 0151 MHOSUX HeMAHbIX KOMNAHUIL.
Hunamuuno pazeusaiowuiicsi poIHOK CMA304HbIX MAMEPUAIO8 mpebyem noucka nepCneKmueHuIX npoOyKmog OJisl ux
nPOU3800CMBA U COCMABLEHUs HOBbIX peyenmyp. B nociednee decamuiiemue cmpame2uieckum KOHMeKCmom o
omeyecmeeH ol Hedhmenepepabomxu A61emcs paspabomra co6CmMEenHbIX NPUCAOOK, KOMROUYULL U naKemos. B
cmamue paccmMompeHrvl HanpagieHus no blo0py NepCHeKMUGHLIX NPOOYKIOE HA OCHOBE COeOUHEHUsl, KOMOpoe
A613emcsi 6a3UCHbIM 01 CUHIME3a MHO20(DYHKYUOHATIbHBIX NPUCAOOK.

Kimouessle cioBa: 2,5-nuMepkanto-1,3,4-Tuaaua3oi, MHOrO(QYHKIIMOHAIBHBIC TIPUCAJKH, CMA304HbIC MATEPUATIBI
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Derivatives Based on 2,5-Dimercapto-1,3,4-Thiadiazole

as Multifunctional Additives for Lubricating Qils

Additives’ research remains relevant to many oil companies for this day. The dynamically developing market of
lubricants requires the search for promising products for their production and the preparation of new compositions.
In the last decade the strategic context for domestic oil refining has been the development of its own additives,
compositions and packages of additives. The article discusses the trend of the selection of promising products based
on a compound, which is the basis for the synthesis

of multifunctional additives.

Key words: 2,5-dimercapto-1,3,4-thiadiazole, multifunctional additives, lubricants.
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AOunoTHyeckasi ierpaganus HeQTAHBIX acaJbTeHOB

B pabome obobwenvl u cucmemamusuposanvl umerowuecs aumepamyphsie 0anHble, NOCEAUeHHbIE NPOYeCccam
abuomuueckoll decpadayuil AchanbmeHos, KOmopuvle MOy NPOMEKAmb 8 eCNeCmEeHHbIX NPUPOOHLIX YCiogusax. B
YACMHOCMU, NOKA3AHO, YO 8030€UCMEUe COTHEUHO20 C8emd, d 0CODEHHO YIbMPaPUOIEeMO8020 U3LYYEeHUs,
3anyckaem 8 acgharbmenax peaxyuu omonusa u homooKucienus, NPUGOOAUUE K YEETUUEHUIO COOEPICAHUS 8 HUX
001U KUCIOPOOA, MeM CAMbIM CMeWast 2UOPOPUIbHO-TUNOGUIbHLLL OATAHC 6 CMOPOHY SUOPOPUILHOCIU, VEETUUUBAUASL
docmynnocms nPoOyKmos peakyuu 01 nociedyroujel buomuyeckou deepadayuu Mukpoopeanusmamu. Bozoeticmaue
UOHUBUPYIOWE20 USTYHeHUS, He NPUBOOUM K 3HAYUMETbHOMY USMEHEHUIO MOLEKVAAPHO20 COCMABA AChATbMEHO8,

6 CUTLY UX BbICOKOU paduayuoHHOU cmouxocmu. Mckmiouenue cocmasnsiem oonyuenue achaitbmenos uHmeHCugHbIMU
NEKMPOHHBIMU RYUKAMU, NPUGOOsUee K UX HAYUMENbHOU 0e2padayuu.

KiroueBble ciioBa: acanbTeHbl, a0HoTHYecKas erpafanus, GoToerpaaanus, paainoims3.

DOI 10.32935/0023-1169-2021-627-5-53-56

K. V. Shabalin',L. E. Foss', L. I. Musin', O. A. Nagornova', D. N. Borisov', M. R. Yakubov’

'FRC Kazan Scientific Center, Russian Academy of Sciences,

?Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center, Russian Academy of Sciences
Abiotic Degradation of Oil Asphaltens

This review is devoted to the generalization and systematization of the available literature data on the processes of
abiotic degradation of asphaltenes, which can occur in natural conditions. In particular, it was shown that exposure
to sunlight, and especially UV radiation, triggers photolysis and photooxidation reactions in asphaltenes, leading to
an increase in the oxygen content in them, thereby shifting the hydrophilic-lipophilic balance towards hydrophilicity.
At the same time the availability of reaction products for subsequent biotic degradation by microorganisms is
increased. Exposure to ionizing radiation does not lead to a significant change in the molecular composition of
asphaltenes, due to their high radiation resistance. As exception there is the irradiation of asphaltenes with intense
electron beams, which leads to their significant degradation.

Key words: asphaltenes, abiotic degradation, photodegradation, radiolysis.
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Scalar and Vector Evaluation Methods for Remaining Oil Potential of Water-Driven Reservoirs

In recent years, numerical simulation and streamline simulation methods have been commonly used for characterizing

and evaluating oil reservoirs. The conventional characterization parameters include oil saturation, remaining



reserves abundance, flow path, etc. However, information obtained from the conventional characterization
parameters is limited. For instance, the residual oil saturation and remaining reserves abundance do not consider the
remaining oil flow capacity, and the flow path characterization does not consider the remaining oil potential. In this
paper, based on numerical simulation and streamline simulation techniques, the authors have established new scalar
and vector evaluation methods for the remaining oil potential in water-driven oil reservoirs. First, to reflect the
displacement effect in different areas from a scalar perspective, we propose new parameters characterizing the
remaining oil potential abundance: the remaining oil flow capacity (J) and hydrodynamic strength (HS). Based on the
established J and HS values, the oilfield is divided into four regions. Second, to reflect the fluid flow between injection
and production wells from a vector perspective, we propose the parameters of total flow rate (F), the remaining oil
development potential (P), and the oil cut of the fluid in the flow path (f,). To verify the theoretical model, the
developed scalar and vector evaluation methods were applied in the Bohai Bay oilfield in China. Based on the
evaluation results, measures to increase oil production were proposed. The field tests results show that after the
proposed measures were implemented in two test wells, the resulting average daily oil production increased by 40%.
The scalar and vector evaluation methods proposed in this study can provide support for the quantitative evaluation
of the reservoir development potential. The evaluation results can be used as the basis for the selection of further steps
in the middle and late stages of oilfield development.

Keywords: remaining oil evaluation; scalar evaluation; vector evaluation; flow field reconstruction.
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Analysis of Casing Instability and Factors Influencing It in Thermal Production Oil Wells

In the process of thermal recovery of heavy oil, the casing in oil production wells is subjected to complex stress
conditions, which may cause potential damage and affect the lifecycle of the casing. The factors influencing the
casing instability and the mechanism of the process in thermal production wells need to be comprehensively
researched, particularly in the case where 0il extraction is accompanied by sand production. In this paper, the
authors have applied the three-dimensional finite element method to simulate the casing instability characteristics in
the sand production section of a thermal recovery well. We have also analyzed the effect of sand production,
perforation parameters, and the casing strength parameters on the axial and circumferential instability of the casing.
The results show that sand production can cause a significant decrease in the lateral support of the casing and greatly
reduce the buckling resistance of the casing in a thermal horizontal well. With increase in perforation diameter and
perforation density, the critical buckling load of the casing decreases. On the other hand, the buckling load is less
affected by the perforation phase. When the combination of the perforation density and perforation phase angle
results in a bigger number of perforation holes in the row, it can significantly reduce the casing collapse strength and
increase the risk of circumferential instability. The research results provide a theoretical basis in the design of casing
in horizontal sections of thermal production wells.

Keywords: thermal production well, casing instability, perforation parameters, collapse strength, sand production,

finite element modeling.
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Comparative Analysis of Fracture Characteristics and Mechanical Properties of Shale and Slate Based on
Triaxial Compression Test

In this paper, to study the failure characteristics and mechanical properties of slate and shale, the authors have
conducted triaxial tests on shale and slate samples. To evaluate the peak stress and the destruction mode in the
samples, the tests are performed on a triaxial rock-mechanical testing system. The experimental results show that
compression would cause multiple cracks in shale. The cracks are characterized by a small width, and none of them
are through cracks. When a slate sample is subjected to compressive failure, the developed cracks are characterized
by a comparatively large opening, and some cracks are through. The compressive strength of shale is three times
higher than the compressive strength of slate, and the Poisson's ratio of shale is lower than that of slate. In the
process of compressive failure of shale, the deformation is small, and the strain increases linearly along the direction
of the principal stress. In the process of deformation of slate, the deformation is great, and the strain increase is
divided into two stages — fast increase and slow increase. Comparison of mechanical properties of these types of rock
with different lithology can provide important background for shale gas reservoir fracturing and slate foundation

consolidation.
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Production of Hydrocarbon Fuel Precursors From Bamboo in the Acetone/Lithium Bromide System

The process of liquefaction catalyzed by acid in the acetone/lithium bromide system is an efficient method of
transforming lignocellulosic biomass into hydrocarbon fuel precursors. In this study, the authors have investigated the
effect of reaction temperature, residence time, and dosage of the catalysts on the liquefaction yield and composition of
bio-oil precursors produced from the bamboo powder. To understand the liquefaction mechanism, the reaction of
liquefaction is compared with the reaction of transformation of sugars and bamboo cellulose under the same
conditions. The results show that 140°C is the optimum temperature of the liquefaction reaction. When the
temperature is 140°C and the reaction time is 4 h, the bamboo liquefaction yield can reach 98.77%. It was also found
that the acid dosage has a significant effect on both the liquefaction yield and the composition of the hydrocarbon fuel
precursors. With increase in the dosage of the acid, the yield increases. Most phenols produced in the reaction of
liquefaction originate from lignin, while most ketones and hydrocarbon precursors are produced by the
transformation of cellulose and hemicellulose.

Keywords: bamboo, acetone/lithium bromide system, catalytic liquefaction, hydrocarbon precursors.
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Analysis of flow characteristics and influencing factors of severe slugging flow in an underwater pipe-catenary
riser

Most of the earth’s surface is covered by seas. Deep underwater reservoirs have abundant resources of oil and gas. In
the development of offshore oil and gas reservoirs, oil and gas transportation is performed by a pipe system
combining a deep-water pipeline and a riser. In the process of transportation, differences in phase properties of the
gas and liquid phases can cause severe slugging accidents. Therefore, studying the characteristics and influencing
factors of the severe slugging phenomenon is important for the effective development of deep underwater fields. In this
paper, the authors have established a three-dimensional numerical model of a deep-water pipeline-catenary riser.
Based on the model, simulation of the transient multiphase is performed using the COMSOL simulation software.
Applying the controlling variable method, we analyzed the flow characteristics, fluid velocity field, and bottom
pressure of the riser for different types of severe slugging phenomenon and the influence of the angle and pressure in
the inclined pipe on slugging. The results show that with decrease in the angle of the inclined pipe or with increase in
the pipe diameter, the severe slugging period will increase; with increase in the angle of the pipe or decrease in the
pipe diameter, the bottom pressure of the riser will also increase. The results of the research provide a theoretical
basis for ensuring safe operation and maintenance of submarine pipelines.

Keywords: offshore oil and gas field; deepwater pipeline-catenary riser system; severe slugging; flow characteristics;

sub-marine pipeline.
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Mechanical Properties of Shale under the Coupling Effect of Temperature and Confining Pressure

In this paper, the authors have studied the changes in the mechanical properties of shale caused by temperature and
pressure changes in the process of shale gas development. The mechanical properties of shale are evaluated by the
rock triaxial test method in the temperature range from 25°C to 120°C. Then, we have analyzed the influence of the
temperature and pressure parameters on the stress-strain curves, peak stress, and elastic modulus characteristics of
shale. The results show that the mechanical properties of shale change with change in temperature and confining
pressure. With increase in temperature, the peak stress and the elastic modulus characteristics gradually decrease.
With increase in the confining pressure, the peak stress increases significantly, and the elastic modulus also tends to

increase. The research results have an important theoretical and practical significance for shale gas development.
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Device and Method For Measuring the Efficiency of Spontaneous Imbibition and Displacement in a Low-
Permeability Reservoir

In this paper, the authors have developed a new device and method for measuring the efficiency of spontaneous
imbibition and displacement in a low permeability reservoir. The innovative design of the new experimental device
effectively combines the traditional volumetric method and the weighing method. The improved reliability of
experimental results is provided by the mutual verification of data of the two conventional techniques. The
performance and effectiveness of the new method and the device have been verified by experimental tests on a low-
permeability core. The results can be useful for understanding the self-priming oil displacement efficiency in a low
permeability reservoir.

Keywords: low permeability; spontaneous imbibition; oil displacement efficiency; measuring device.
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Research and Performance Evaluation of an Autogenic Acidic Fracturing Fluid System for High-Temperature
Carbonate Reservoirs

Carbonate reservoirs in Western China are characterized by deep burial, high temperature, and strong heterogeneity.
In this paper, based on the physical properties of high-temperature carbonate reservoirs, the authors have developed
an autogenic acidic fracturing fluid suitable for high-temperature carbonate reservoirs. The performance of the new
acidic fluid has been experimentally evaluated. The results show that the fluid demonstrates satisfactory viscosity-
temperature performance, and after continuous shear tests at 140°C for 2 h the viscosity of the fluid remains about
100 mPa-s. At room temperature (RT), the pH value of the fluid is neutral, and the titratable acid concentration could
reach 15.49% at 90°C. When subjected to high temperatures, the fluid is characterized by a high acid concentration,
low acid generation rate, and moderate corrosion inhibition rate. The static rock corrosion rates of the fluid at room
temperature and 140°C are 0.00009125 and 0.009575 g/min, respectively. The corrosion rate is slow, and the
effective action distance of the fluid can be five times higher than that of a thickened acid and three times higher than
that of a cross-linked acid. The experimental results verify the acid's ability to transform high-temperature carbonate
reservoirs and good applicability in high-temperature carbonate reservoirs. The proposed autogenic acidic fracturing
fluid system provides essential technical support for the efficient development of high-temperature carbonate
reservoirs.

Keywords: carbonate rock; autogenic acid; acidification; high temperature.
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Gas Overflow Model and Analysis in a Fractured Formation

At present, the wellbore overflow in a fractured gas reservoir is mainly characterized by qualitative methods. The
development of quantitative methods would need a thorough theoretical study of the correlation between the overflow
phenomenon and the complex drilling characteristics of the formation. In this paper, the authors have established a
mathematical model of the deep-wellbore multiphase flow considering the parameters of wellhead pressure, annular
equivalent diameter, wellhead gas flow, and drilling fluid displacement. The model has been solved by the Runge-
Kutta method. The results show that the increase in the surface overflow increment correlates with the increase in the
well depth. With increase in the surface overflow, the wellbore gas volume increases. When the local surface overflow
is Qg = 0.2 m® and the well bottom depth is 6000 m, the overflow volume at the bottom of the well increases firom
0.000505 to 0.000649 m’. When the ground overflow increment is doubled, the gas volume at the depth of 6000 m
increases by 34.72%.

Keywords: overflow; void fraction; pressure wave velocity; two-phase; frequency.
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