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AO «BHUU HII»,

2CamapcKkuii rocy1apcTBEHHbIN TEXHUYECKUH YHUBEPCHTET

GulyaevaLA@vniinp.ru

[osyyeHne HU3KOCEPHUCTOTO BHICOKOBSI3KOTO CYy0BOT0 TOILIMBA THAPONEPEPad0TKOiIi HePTAHBIX OCTATKOB
B cmamve npeocmasnenvt pesynvmamul ucnvimanuti pazpabomantol cucmemsl KAamaiu3amopos 0emMemaiiu3ayuu u
obeccepuganusi HeQMAHBIX OCTNAMKOE € NOJYUEHUEM MATOCEPHUCO20 CY008020 monauga. IIpumenen
CMayuoHapHulil c1ou kamanuzamopos. Ilooobpanvl onmumanvisie YCi08Us npoyecca 2uopoeHU3aAyUOHHOU
obpabomku cuipbs: 0asnenue 15 Mlla, memnepamypa npoyecca 360-420°C, obvemnas ckopocms nooauu coipvs 0,5
y™L. Venewno npoeedensl Onumenvivie ucnoimanus paspadomantolt Cucmembl.

KiaroueBble cjioBa: HC(l)TS[HBIC 0OCTaTKHU, HU3KOCECPHUCTOEC BBICOKOBA3KOE CYJOBOE TOILIIMBO,

CTallMOHAPHBIH CIIOI KaTanu3aTopa, AeMeTalIn3alus, THApoodecceprBaHue.

L. 4. Gulyaeval, V. 4. Khavkin!, O. I. Shmelkova?l, N. Ya. Vinogradoval, G. V. Bitiev!,

L. 4. Krasilnikoval, 4. V. Yusovskiit, P. 4. Nikulshin'2,

All-Russia Research Institute of Oil Refining, JSC,

2Samara State Technical University

Hydrogenation of Oil Residues to Produce Low-Sulfur Marine Fuel

The article presents the test results of the developed system of catalysts for demetallization and desulfurization of oil
residues to produce low-sulfur marine fuel. A stationary catalyst bed was applied. The optimum process conditions for
hydroprocessing of feedstock: 15 MPa pressure, process temperature 360-420°C, the space velocity 1 h™*. Long-term
tests of the developed system have been successfully carried out.

Key words: residues, atmospheric residue, low-sulfur high-viscosity marine fuel, catalyst, stationary bed,

demetallization, hydrodesulfurization,.

P. A. I'azapos, C. B. Mewepaxoes, K. P. I'azapos, B. P. Mkpmotuan

PI'Y nedru u raza um. . M. I'yObkuna

gazarov_ra@mail.ru

HccnenoBanne KMCIOTHBIX XapaKTePHCTHK OKCOKOMILIEKCHBIX KaTAIH3aTOPOB M30MepPU3aIiy NMeHTaH-
rekcaHoBoi ¢ppaxkunu

Paspaboman Hoswlill mun kamaniuzamopos 0Jis U30MepU3ayUY 1e2KUx yeiee000p0008 Ha OCHO8e 8nepabvle
CUHME3UPOBAHHBIX HEOP2AHUYECKUX CYNEPKUCTIOM OKCOKOMNIeKCHo20 cmpoerus. C 9moil yeivlo CUHMe3uposaH pso
CMEUAHHBIX 2eMEePONOIUKOMNIEKCO8 ¢ MOOUuyuposannot cmpykmypoi Keeeuna, cooepocaweii paziuynvle
nepexooHvle Memaivl (6 mom uucie u niamunouost). Paspabomarna mexuonozus noay4eHus HaHeCeHHbixX
CYNEPKUCTOMHBIX KAMAIU3AMOPO8 C HOKPbIMUEM U3 MOOUDUYUPOBAHHBIX 2eMePONONUKOMNIeKC08 Kezeunosckozo
pA0a Ha pasiuyHblx munax Hocumerneil. Mccnedosanvl bpencmedo8cKue U 1bloUCOBCKUE KUCIOMHbLE YESHIMPbL
PaspabomanHo20 CynepKuciomHo20 OKCOKOMNIEKCHO20 KAMAIU3amopa HAHeCeHH020 MUNAd Ha PA3IUYHbIX MUNAX

Hocumernell.



KmoueBnble cjioBa: nzoMepusanud, yri€BoaopoJabl, Katainu3aTop, OKCOKOMILICKCHI,

KHUCJIOTHOCTb, 1IIEHTPbl BpoHcTena, ieHTpsl JIbtouca.

R. A. Gazarov, S. V. Mesheryakov, K. R. Gazarov, V. R. Mkrtychan.

Gubkin Russian State University of Oil and Gas

Study of Acid Characteristics of Solid Oxocomplexes Catalysts for Isomerization of Pentane-Hexane Fraction
The new catalyst for isomerization process of light hydrocarbons based on novel synthesized inorganic superacids
has been developed. With this purpose synthesized a number of mixed heteropolyanions with a modified Keggin
structure containing different transition metals (including platinum group metals). Developed the technology of
preparation of superacid catalysts with a coating of modified heteropolycomplexes on different carriers. We
investigation the Bronsted and Lewis acid characteristics of the developed superacid catalysts on different carriers.

Key words: isomerization, light hydrocarbons, catalyst, Bronsted acidity, Lewis acidity, oxocomplexes.
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I'mapoaeokcureHanus 0JIeMHOBOI KHCJIOTHI HA MACCHBHBIX H HAHECEHHBIX KaTaJan3aTopax

(Ni)Mo0S:2 ¢ nesibI0 mOJIy4eHHs TPHH-TH3eJIst

IIpuecomosnenvi nanecennvie kamanuzamopsvt M0oS2/Al203 u NiM0S2/Al203 memoodom nponumxu oxkcuoa aniomunus
1O 81A20EMKOCMU COOMBEMCMBYIOUUMU 80OHBIMU pacmeopamu 12-monub0ogocdoproll cemeponosukuciomvl u
yumpama nuxens. Maccusnvie Kamaauzamopsl NOIYYUIU nymem evimpasiuganus Hocumens uz MoS2/Al203

¢ nomowwio naaguxosoi kucromul (Et-M0S2), a maxoice nymem mepmuueckozo paziodxicenus mempamuomoauboama
ammonust (Ref-Mo0Sz). Axmusnocms xamanuzamopog 6 npoyecce 2u0pOOeOKCULEHAYUU YMEHbUUACTCS 8 PAJY
NiMo0S2/Al203 = Et-M0S2 > M0S2/Al203 > Ref-M0S2. B mo sce epems cenexmusnocms 6 OomuouieHuu 2uOpUpoSanus
OIeUHOBOU KUCTIOMbL uMena necxoxcuil nopsodok: Et-MoSz2 > Mo0S2/Al203 = Ref-MoS2 > NiMoS2/Al20s.
Maccusnwiii kamanuzamop Et-M0S2 6 npoyecce cuopodeoxcucenayuu nposeun 6auskyio k NiM0S2/Al203
AKMUBHOCMb U CAMYIO 8bICOKVIO CENeKMUBHOCHb, YN0 YKA3bI8AeN HA NPAKMUYECKU NOIHOEe NPOMeKaHue
2uopoodeokcuzeHayuu no mapupymy euopuposanus 6es oopazosarnusi CO u CO2, nposasissioumux cuibHvle
uHeUOUpyIowue ceolicmed

U OKA3bIBAIOWUE OMPUYAMETbHOE 8030EUCBUE HA OKPYHCAIOUYIO CPEDY.

KuroueBble cjioBa: IHIPO/IC30KCUTCHUPOBAHKE, CEICKTUBHOCTD, OJICMHOBAs KMCJIOTA, MACCUBHBIC KaTAJIN3aTOPHI,

MacCUBHBIA MoS2.

A. N. Varakin!, A. V. Fosler!, S. P. Verevkint, A. A. Pimerzin, P. A. Nikulshin2.
All-Russia Research Institute of Oil Refining, JSC,
Samara State Technical University

Hydrodeoxygenation of Oleic Acid on Bulk and Supported (Ni)MoS2 Catalysts to Produce Green Diesel



Supported and unsupported catalysts were prepared by a conventional incipient wetness impregnation method with an
appropriate aqueous solution of a 12-molybdophosphoric heteropolyacid and cobalt or nickel citrate. Unsupported
molybdenum disulfide catalysts were synthesized by leaching of MoS2 /Al2Os3, and also by thermal decomposition of
ammonium tetrathiomolybdate. The catalytic properties were studied in hydrodeoxygenation (HDO) of oleic acid
(OA) at hydrogen pressure in the autoclave. The activity of catalysts in the HDO decreases in the series:

NiMoS2 /Al203 = Et-MoS2 > MoS2 /Al203 > Ref-MoS:. At the same time, the selectivity of the hydrogenation of the
route OA had dissimilar order: Et-MoS2 > MoS:2 /Al.03 =~ Ref-MoS2 > NiMoS:2 /Al-Os. The bulk Et-MoS: catalyst
showed activity close to NiMoS2 /Al.O3 and the highest selectivity (0.94), what indicate that HDO go through
hydrodeoxygenation route without any formation of CO and CO: exhibiting strong inhibitory properties.

Key words: hydrodeoxygenation, selectivity, oleic acid, unsupported catalysts, bulk MoS..

B. A. Canvnuxos', I1. I1. Munaee?, A. B. Moxcaee?, II. A. Huxynvuiun'?
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Bansinue a¢pdexra 3ayriaepoxxuBanusi HocuTeneil kataanzatopos CoMoS

B FHIPOI€OKCUTEHAIIMU TBASKO0JIA KAK MOJEIbHOr0 coeInHeHust OuoHepTH

Ipucomosnenvt kamanuzamopvlr CoMoS/CxISUp ¢ ucnonvzosanuem 12-monuboogochopnoli 2emeponosukuciomsl u
yumpama kobanema. B kauecmee nocumens pumensiiu Al203, SiO2, TiO2, ZrO2 u 3ayeneposicennvie (2 u 6% mac.
yenepooa) Ha ux ocrnose noonodicku CxISUp. Hzyuensl kamarumuueckue c60UCmada 8 npoyecce 2uopooeoKCU2eHayuu
28ASIKOAA 8 YCILOBUSX MUKPONPOMOYHOU ycmanoeku. [lokasano, umo ¢ go3pacmanuem cooepiucanus yenepooa

6 Hocumesix AunelHvlll pazmep u yucio cioes MoS:z g ynaxoske 6o3pacmaiom 6o cex o6pazyax, no-6UOUMOMY,
6CNIE0CTNBUE CHUMNICEHUS CUTIbL 83AUMOOEUCMEUsL Yacmuy ¢ 601ee UHEPMHOU 3aY2epOdCeHHOU nogepxHocmuio. Kpome
MO20, 3aMemMHO OMAUYLAEMCsl OUCNEPCHOCTD MOAUOOEHOBIX YACTUY HA NOBEPXHOCU KAMATUIAMOPOS, COOEPICAHUEe
npomomopa 6 yacmuyax akmusrot ¢azet COMOS u cmenens npomomuposanus pebep kpucmaniumos. Paccmompenwvi
NPUYUHBL HADI0O0AEMBIX 3AKOHOMEPHOCIEL U 603MOJICHblE 83AUMOCEA3U AKMUSHOCTU 6 NPoYyecce
2UOPOOEOKCULEHAYUU 26ASIKONA C XAPAKMEPUCMUKAMY KAMATU3AMOPO8 U HAHOPAZMEPHBIX YACMUY AKMUBHOU Pa3bl.

KiroueBble c1oBa: rBaskoi, 0noHedTh, karanuzatopsl COMOS, ruapopeokcureHarus.

V. A. Salnikov!, P. P. Minaev?, A. V. MozhaeV?, P. A. Nikulshin®?.

All-Russia Research Institute of Oil Refining, JSC,

2Samara State Technical University

Influence of the Effect of the Coking of Carriers of CoMoS Catalysts on the Hydrodeoxygenation of Guaiacol
as a Model Compound of Bio-Oil

CoMoS/Cx/Sup catalysts were prepared using 12-molybdophosphoric heteropolyacid and cobalt citrate, Al2Os, SiOz2,
TiO2, ZrO2 and carbonized (2 and 6% by weight of carbon) based on Cx /Sup were used as a support. The synthesized
catalysts were investigated by the methods of low-temperature nitrogen adsorption, X-ray diffraction (XRD),
NH3-TPD, X-ray photoelectron spectroscopy (XPS), high-resolution transmission electron microscopy (HRTEM). The

catalytic properties were investigated using a bench-scale flow reactor in hydrodeoxygenation (HDO) of guaiacol at



temperatures of 260 and 300°C, hydrogen pressure 3 MPa, flow rate of feed 80 h=, and an H2 /feedstock ratio of 500
nL/L. It is shown that with an increase in carbon content in carriers, the linear size and the number of MoS2 layers in
the package increase in all samples, apparently due to a decrease in the force of interaction of particles with a more
inert carbonized surface. In addition, the dispersion of molybdenum particles on the surface of the catalysts, the
content of the promoter in the particles of the CoMoS active phase and the degree of promotion of the edges of the
crystallites are noticeably different. The reasons for the observed patterns and possible relationships of activity in the
hydrodeoxygenation of guaiacol with the characteristics of catalysts and nanoscale particles of the active phase are
discussed.

Key words: guaiacol, bio-oil, CoMoS catalysts, hydrodeoxygenation.
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TepmMoauHaMHKa CHHTE3a YIJI€BOIOPOI0B HA OCHOBE NAPOBOii KOHBEPCHU MeTaHA

B pabome npogeden ananuz mepmoOuHaMuiecKux acnekmos noayueHus CUHmMe3s-2a3da KOHeepcuell Memana u CUHmesa
Y271e6000p0008 PA3UUHBIX KILACCO8 HA €20 0cHoge. Memooamu Xumuueckol mepmMoOuHAMuKY ObLl NPOBeOeH aHAIU3
PABHOBECHO20 COCMABA CUCHEMbL NPU 3A0AHHBIX Ycaosusx. [Iposedennbie mepmoOuHamMuyecKue uccied08aHus.
nokaswvigarom, ymo coomuowenuss H2/CO npu kongepcuu memana cywecmseeHHo 3a8Ucum KaxK om memnepamypul u
0aBeHus peakyuu, Maxk u om npupoobl U KOIU4ecmeo okuciumens. Paccuumana mepmoounamuieckas 6eposmmocme
006paz06anUs pasIUIHbIX KI1ACCO8 COCOUHEHUI 8 3A8UCUMOCTU ON COCMABA CUHME3a-2a3d.

KioueBble c10Ba: CHHTE3-Ta3, MapoBasi KOHBEpCHs MeTaHa, cuHte3 ®Oumepa — Tporia, xuMudeckas

TECPpMOAUHAMHUKaA.

D. M. Grigoryeva?, F. G. Jagfarov?, M. V. Kulikova?, A. M. Gulmaliev?.

!Gubkin Russian state university of oil and gas,

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

Thermodynamics of Hydrocarbon Synthesis Based on the Steam Conversion of Methane

In the work was analyzed the thermodynamic aspects of synthesis gas production by methane conversion and the
synthesis of various hydrocarbon classes on its basis. The analyze of the equilibrium composition of the system under
given conditions was carried out by methods of chemical thermodynamics. Conducted thermodynamic studies show
that the ratio of H2 /CO by methane conversion significantly depends on both the temperature and pressure of the
reaction, and on the nature and amount of oxidizer. The thermodynamic probability of formation of various classes of
compounds was calculated depending on the synthesis gas composition.

Key words: synthesis gas production, steam methane conversion, Fisher — Tropsch synthesis, chemical

thermodynamics.

P. H. Mazomeoos, A. B. Ilpunaxaiino, T. A. Mapromuna



MockoBckuit PU3NKO-TEXHHUECKHA HHCTUTYT (TOCYIapCTBEHHBIN YHHUBEPCUTET), T. JloATOnpy IHbIH
pripakhaylo.av@cet-mipt.ru

Bausinue ¢a30Boro coCToOSIHUA PAaCTBOPUTEJISI HA COJIbBEHTHYIO AeacalbTH3ALNI0

TyAPOHA H-TIEHTAHOM

Tonnugnoe nanpasienue pearuzayuu npoyecca corbgenmuoil oeacpanvmuzayuu (C/[A), nozsoaarowee nonyuams
8bICOKUE 6bIX00bI Oeachanbmuzama npuemIemMo2o Kaiecmea 0jis e2o nociedyouell nepepadomry 8 Kamaiumuyeckux
npoyeccax Kpekumead, 8 YaCmHOCmuU, 2UOPOKPEKUH2d, CIAHOBUMCS 6ce D0aee AKMYATbHbLIM 8 HACTHOsIUee BPeMS.

B pabome npogedeno sxcnepumenmanvioe uccieoosanue npoyecca CIA 2yOpona H-neHmanom npu paziuiHbix
memnepamype u 0agieHuy IKCMpaxKyuu, no3eoausuiee onpedeiums enusaHue Qazo8020 COCMOAHUL PACMBOPUMEN
Ha 8bIX00, COCMAB U CBOUCMBA 00PA3YIOWUXC NPOOYKMO8 pazdenerus. Ilokazano, umo nepesod neHmana u3
AHCUOKO20 (PA308020 COCMOAHUSA 8 0OACHDb CYO- U CEEPXKPUMUUECKO20 (DIIOUOA NO360NAEH YEETUYUMb
PACmMEOpUMOCHb KOMNOHEHMO8 2YOPOHA U 8bIX00 dedacanbmuzama npu QUKCUPOBAHHBIX 3HAUEHUAX HIOMHOCMU
pacmeopumerns. Hecmomps na nexomopoe yxyouenue kauecmea deacarbmuzama 6 ciyiae pediu3ayuu
CBEPXKPUMUYECKOU IKCMPaKyuu npu memnepamype 61u3Kkoll Kk Kpumudeckou memnepamype pacmeopumerns (220°C)
daszosoe cocmosHue neHMaHa He3HAUUMENLHO BUACT HA COOEPAHCAHUE MEMATLIO08 8 NPOOYKMAX, KOKCYeMOCMb
Odeacghanvmusama u memnepamypy pasmacyeHus acgharoma npu 3a0AHHbIX 3HAYEHUAX 8bIXO008.

KioueBble cioBa: cobBeHTHas JeacdanpTuzanst, achaibTeHsl, neachanbTu3aT, acabT,

TYIpPOH, H-TIEHTaH, CBEPXKPUTHUECKUE (PITFOUIBI, CBEPXKPUTHUIECKAS SKCTPAKITHS.

R. N. Magomedov, A. V. Pripahaylo, T. A. Maryutina.

Moscow Institute of Physics and Technology (State University)

Effect of Solvent Phase State on Solvent Deasphalting of Vacuum Residue with n-Pentane

Fuel direction of the implementation of solvent deasphalting (SDA) process, which makes it possible to obtain high
yields of acceptable quality deasphalted oil (DAO) for its subsequent refining in cracking processes, in particular,
hydrocracking, is becoming increasingly important nowadays. In this paper, an experimental study of SDA of vacuum
residue (VR) using n-pentane at different extraction temperatures and pressures, which allowed us to determine the
influence of the phase state of the solvent on the yield, composition and properties of the separation products, was
carried out. It was shown that the transfer of pentane from the liquid phase state to the region of the subcritical fluid
and then supercritical fluid (SCF) increases the solubility of VR components and DAO vyield at fixed values of the
solvent density. Despite a slight decrease in the quality of DAO in the case of supercritical extraction at temperatures
close to the critical temperature of the solvent (220°C), the phase state of pentane insignificantly effects on the metal
content in the products, carbon residue content of DAO and the softening point of asphalt for given yield values.

Key words: solvent deasphalting, asphaltenes, deasphalted oil, asphalt, vacuum residue, n-pentane,

supercritical fluids, supercritical fluid extraction.

E. IO. Koswceenukosa, M. A. bviuenko, A. 10. Tpogpumos, M. C. Komenes, H. A. Tuynos, B. A. Bunokxypoe
PI'Y vedty u raza um. 1. M. I'yOkuna
tiunov.i@gubkin.ru

Honyqe}me PAAHANMOHHO-CINUTBHIX MOJUMEPHBIX MAaTEPHUAJTOB HA OCHOBE HEJIJTHJI03bI



H3zyuen npoyecc paduayuonHol npusuUeKY NOIUMEPHBIX MAMEPUATIO8 K YeLTI0N03€e 8 RPUCYMCMEUY KPACUmeell.
Obuapyaiceno, ¥mo u3 ps0a UCNbIMAHHBIX KpACUmeell HauLyduiel CmotiKocmyio K Y-001y4enuto obradaem
pooamun 6JK. IHonyuennwviii ¢ pooamurnom 6K paouayuoHHo-cluuumolii CONOIUMED XAPAKMEPUIYEMCsL 8bICOKOU
CMOUKOCMbIO OKPACKU, COXPAHAIOuelics 0adice npu OIUMenbHOU IKCMpakyuu 6000 U Y2i1e6000po0amu Ha annapame
Coxcaema. Hcnvimannulii cnoco6 noayuenust paouayuoHHO-CUIUMBIX MATHEPUATO8 MOIHCEN NPUMEHANbCS

071 NONYyHYeHUs: OUOPA3NALAEMBIX OKPAULEHHBIX YIIAKOBOYHBIX MAMEPUATOS.

KuioueBble cjioBa: iepeocakIeHHas 1IEUTI0NI03a, paIialioOHHas IPUBUBKA, PAIHAIIMOHHAS CTOMKOCTD.

E. Yu. Kozhevnikova, M. A. Bychenko, A. Yu. Trofimov, M. S. Kotelev, I. A. Tiunov, V. A. Vinokurov.

Gubkin Russian State University of Oil and Gas

Production of Cellulose-Based Radiation-Grafted Polymer Materials

The process of radiation grafting of polymeric materials to cellulose in the presence of dyes was studied. We found
that rhodamine 6G has the best resistance to y-irradiation from a number of tested dyes. The radiation-grafted
copolymer with rhodamine 6G is characterized by a high color stability, which persists even after prolonged Soxhlet
extraction with water and hydrocarbons. The tested method of obtaining radiation-grafted materials can be used to
obtain biodegradable colored packaging materials.

Key words: regenerated cellulose, radiation grafting, radiation resistance.
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CHuHeprusM MeTaHo./1a U XJIOPHIA MAarHHUs IPH TePMOAMHAMHYECKOM HHIMOUPOBAHUM T'HAPATA METaHA
H3yuenvl cmecu xnopuoa MazHus u Memanona @ Kauecmee CMeuantblx mepMOoOUHAMUYECKUX UHUOUOPOS
euopamoodpaszosanus. C nomMowsbro u30X0pHo20 memoda onpedeneruvl pasnosectuvle P, T-ycrosus pasnosicenus
2uopama Memaua 8 NPUCYmMcmeuu OUHAPHLIX PACMBOPO8 800d — MEMAHO, 800a — XJAOPUO MASHUSA U MPOUHBIX
PAacmeopos 600a — MemaHol — XA0PUO MASHUS C UCHONb308AHUEM ABMOKIA8A ¢ nepemeuusanuem. Msmepenus oviiu
npogedervl 05 duanazona oasnenuti 3,5-9,5 Mlla, xkonyenmpayuu memanona 0-25% mac. Cooepaicanue conu 8
B00HBIX pacmeopax 6110 NOCMOSHHBIM (5% mac). U3 nonyueHnvix pe3ynbmamos ciedyem, umo cMeutanHole
0bpazyvl, codeparcaujue 0OHOBPEMEHHO MEMAHOL U XI0PUO MAHUsA, 0Decnequgarom 601buwuLl MmepmMoOUHAMUYECKUll
COBU2 PABHOBECHBIX KPUBLIX 2UOPAMO0OPA308AHUS NO CPABHEHUIO C 00PAZYAMU, COOEPAICAUUMU MEMAHOT

npuU 00UHAKOBOTU CYMMAPHOLU MACCOB0U doae uneubumopa. bonvuuii mepmoounamuyeckuti cogue céa3am

C cuHepeemuiecKum 3@ pexmom coemMecmno20 0elicmeus Xiopuoa MazHus u Memanola 8 600HOM pacmeope.

KaroueBsble c10Ba: Ta30BbIe THAPATHI, MTHTHOUTOPHI THAPATOOOPAa30BaHMS, METAHOM, XJIOPU MarHHsL.

A. P. Semenov?, R. I. Mendgaziev?, A. S. Stoporevt?3, Yu. F. Gushchina?’, B. M. Anikushin?, P. A. Gushchin?, V. N,
Khlebnikov.
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Synergism of Methanol and Magnesium Chloride in Thermodynamic Inhibition of Methane Hydrate

In this work blends of magnesium chloride and methanol as mixed thermodynamic inhibitors of hydrate formation
were studied. Equilibrium P, T-conditions of methane hydrate decomposition in the presence of binary solutions of
water — methanol, water — magnesium chloride, and ternary solutions of water — methanol — magnesium chloride
were determined by isochoric method using stirred autoclave. Measurements were carried out for a pressure range of
3.5-9.5 MPa, methanol concentration of 0-25 mass %. The salt content in aqueous solutions was constant (5 mass
%). From the results obtained, it follows that mixed samples containing both methanol and magnesium chloride
provide a greater thermodynamic shift of hydrate equilibrium curves in comparison with samples containing only
methanol with the same total mass fraction of the inhibitor. A greater thermodynamic shift is associated with the
synergistic effect of magnesium chloride and methanol in an aqueous solution.

Key words: gas hydrates, hydrate formation inhibitors, methanol, magnesium chloride.
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Hcnonb30BaHue peareHTOB HA OCHOBE MOBEPXHOCTHO-aKTUBHBIX BEIIECTB

JJISl OYMCTKH MOYB OT He(PTAHOTO 3arpsi3HEHUs

Lenvio pabomul sa61210cH onpedenenue I HeKmusHOCmuU PasiuyHbX peazenmos Ha 0CHO8e NOBEPXHOCHHO-AKINUGHBIX
6ewecms U GulsGICHUE 3A8UCUMOCTIEN MeXCOY IPPEKMUSHOCTNBIO PeazeHma U MUNOM OYULAeMOll NOYEY,
KOHYenmpayuel paboue2o pacmeopa peazeHma, 20 Weilo4HoCcmvlo. Yemanoseieno, ymo naubonee d¢hgpexmugnvimu
ABNAIOMCSL PEA2eHmbl, 8 COCMABEe KOMOPLIX COOEPIACAMCS AHUOHHBIE U HEUOHO2EHHbLE NOBEPXHOCMHO-AKMUBHbIE
seujecmaa, c gvlcoxumu noxkazamensmu PH pabouux pacmeopos. Oonako, oanusiii napamemp He s611emcs
onpeoensIowuM Kaxk 8 OMHOUEHUU HeDMAHBIX Y21e8000P0008, MAK U NPUPOOHBIX OPAHUYECKUX COeOUHEHULL.
H3yueno erusnue copbupyroueii cnocobHOCmuU HOYBEHHBIX MAMPUY HA P HEKMUBHOCb PeazeHmHOU OYUCKY NOYE:
COpOYUA MONEKYTL 3A2PAZHAIOUWUX BEUYECE U MOJLEKY] NOBEPXHOCHHO-AKMUBHBIX 8eUeC8 CYUEeCHBEHHO CHUMCAem
0010 3hhekmusHOCMb BHIMBIBAHUS OP2AHUYECKO20 BeUeCmed U3 HoUs.

KioueBble c10Ba: MOBEPXHOCTHO-aKTHBHBIC BEILIECTBA, TyMUHOBBIE BEIIECTBA, HEPTAHOE 3arpsi3HEHUE,

HedTe3arpsA3HeHHBIEC TIOYBHI, peareHTHas 00padoTKa MOYB.

O. A. Kulikova, E. A. Mazlova, D. I. Bradik, E. P. Kudrova.
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Chemical Reagents Based on Surfactants for Oil-Contaminated Soils Treatment

The determination of the effectiveness of various chemical reagents based on surfactants is an aim of the study. The
investigation also includes the identification of the correlation between the effectiveness of the chemical reagent and
the washed soil type, the concentration the treatment solution, and its alkalinity. It is established that anionic and

non-ionic surfactants with high pH values are the most effective. However, this parameter isn’t decisive for both



petroleum hydrocarbons and natural organic compounds. The soil matrices sorption capacity and the efficiency of
chemical reagent washing of the soils are interconnected so the sorption of molecules of pollutants and surfactants
significantly reduces the overall efficiency of the soil treatment.

Key words: surfactant, chemical reagent, surface-active substance, humic substances, oil contamination,

oil-contaminated soil, soil treatment.
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IepcnekTHBHI CO3MaHUA MPOU3BOACTBA 0a30BbIX Macesl Ha ocHOBe TexHoJorud GTL B Poccun

B cmamuve paccmompenvt 603modcHocmu co30anus npou3e00cmea 6a306vix macen Ha ocHose mexronozuu GTL 6
Poccuu. Ilposeden ananus kauecmasa 6a306blx Macel, RPoOU3800UMbIX 8 HACMOAUEe 8PeMsL HA POCCUUCKUX
npeonpusmusix. Paccmompena 6o3moocnocms nonyuenust 6azosvix macen npoyeccom GTL ¢ yuemom ananuza oannvix
10 NPOU3600CMEY CUHME3-2A30 PASIUYHBIMU MEMOoOaMu KOHeepcuu U onsima npumenerust npoyecca GTL

Ha 3apybesicnvix npeonpusmusx. IIpoananuzuposan onvlim nPUMeHeHUs PA3IUYHbIX MUNOE PEAKMOPO8 CUHMEe3d
Quwepa — Tponwa, Ha 0OCHOBE NOYHEHHBIX OAHHBIX OAHbL PEKOMEHOAYUU NO UX npumeHenuo 6 Poccuu.

KuroueBnle ciioBa: 6a3oBble Macia, npouece GTL, cunres-ras, cunte3 @umepa — Tpomnira, CHHTeTHYECKHE Maca.

M. H. Sosna, I. A. Golubeva, A. A. Kononenko, V. A. Zaichenko, I. N. Grishina, E. V. Korolev .

Gubkin Russian State University of Oil and Gas

Prospects for the Production of Base Oils Based on GTL Technologies in Russia

The article discusses the possibility of creating the production of base oils based on GTL technology in Russia. The
analysis of the quality of base oils produced now in Russian enterprises. The possibility of producing base oils GTL
process based on the analysis of data for the production of synthesis gas by various methods of conversion and
experience in the application of GTL process for foreign enterprises. The experience of using different types of
Fisher-Tropsch synthesis reactors is analyzed and recommendations on their application in Russia are given on the
basis of the obtained data.

Key words: basic oil, GTL process, synthesis gas, technology of Fischer — Tropsch, reactors, synthetic oil.
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TexHOJIOrHsI MOJYYeHUs] HI3KOCEPHUCTHIX BLICOKOBSA3KHX Cy0BbIX TOILIHB

B cmamve npedcmaenena Ho6as MexHoI02Us NOLYUEHUS MATOCEPHUCTIOZ0 6bICOKOBAZK020 CYO0B020 MONIUEA NYMeM
KOC6EHH020 2U0PO0ONA20PAICUBAHUS MAZYMA, 4 UMEHHO 2UOPOOUUCTIKU CMECU 6AKYYMHO20 2a30UIs U MANHCEN020

2a301i151 KOKCOBAHUS, NOTYYEHHbIX npu nepepadbomxe mazyma, Ha NiW/Al203 kamanuzamope, cunme3upoeanHom



C UCNONIb30BAHUEM 2eMEPONOTUKUCTIOMbL CMPYKmMypbl Keceuna 6 kawecmee npexypcopa u TUMOHHOU KUCTOMbL

6 Kauecmee xenamupyrouje2o acenma. Ilokazano, ¥mo cUOPOOUUCKA CMECEBO20 CHIPHSL C COOEPIHCAHUEM BMOPUUHO20
komnonenma 10—-20% mac. npu memnepamype 360°C, oasnenuu 5 MIla, o6vemnoti ckopocmu nodauu coipvs 1,0 v u
coommuouenuu 6000pod/cuipve 800 um®/m® obecneuusaem nonyuenue KoMnoneHma cyo06020 MONIUBA MAPKU

RMB 30 ¢ codepaicanuem cepuvl menee 0,1% mac.

KnroueBbie clIOBa: HU3KOCEPHUCTOE BHICOKOBSI3KOE CYJI0BOE TOTUIMBO, THAPOOUNCTKA, KaTaau3aTop,

BAaKYYMHBII ra30iib, TSDKEIbIA Fra30iIb KOKCOBaHMUS.

L. A.Gulyaeval, V. 4. Khavkin?, O. I. Shmelkova?, T. N. Mitusoval, M. A. Ershov, M. M. Lobashova?, P. 4.
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The Technology of Producing Low-Sulfur High-Viscosity Marine Fuel

The paper presents the new technology for low-sulfur high-viscosity marine fuel production via indirect
hydroprocessing of atmospheric residue as follows: hydrotreating of vacuum gasoil and heavy coking gasoil mixture,
obtained from atmospheric residue processing, over NiW/Al.Os catalyst synthesized with Keggin heteropolyacid as a
precursor and citric acid as a chelating agent. Hydrotreating of mixed feed with 10-20 wt. % of secondary component
at 360°C, 5 MPa hydrogen pressure, 1 h™* LHSV and 800 nm?®|/m? Hz/feed ratio allowed to produce RMB 30 marine
fuel component contained lower than 0.1 wt. % sulfur.

Key words: low-sulfur high-viscosity marine fuel, hydrotreating, catalyst; vacuum gasoil, heavy gasoil of coking.
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Conep:kanue TSKeNIbIX METAJLIOB B II0YBAX W OBOIIAXx ora Poccun

B cmamve npueedenvl pe3yibmanmbi UCCIE006aAHULL NO COOEPICAHUIO MANCENbIX MEMANILO0E 6 CECMA0-KAUMAHOBbIX
nousax ro2a Poccuiickoti @edepayuu. [Ipoanaiusupoearsl OaHHblC NO HAKONIEHUIO MANCENbIX MEMAI08 6 buomacce
0BOUWHBIX KYIbMYP, 6 YACMHOCMIU 6 TyKe Peniamom, KOPHENI00ax C6eKibl, MOPKOGU U KIYOHAX Kapmoges
BbIPAUEHHBIX 6 YCAOBUAX KANEIbHO20 OPOUEHUS. HA OAHHOM MUNE NOYEbL.

KitroueBblie C10Ba: CBETIIO-KANITAHOBAs MTOYBA, TSKEIbIE METAILIBI, OBOIHBIE KYJIbTYPhI, CBEKIIA,

CTOJIOBasi MOPKOBB, KapTo(elb, JIyK permyaTslid, puromacca, apuaHas 30Ha.
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The Content of Heavy Metals in Soils and Vegetables of Russia



The article presents the results of research on the content of heavy metals in the light chestnut soils of the south
of the Russian Federation and the data on the accumulation of heavy metals. In the biomass of vegetable crops, in
particular, in onion bulb, beet roots, carrots and potato tubers grown in drip irrigation on this type of soil.

Key words: light chestnut soil, heavy metals, vegetable crops, beets, carrots, potatoes, onions, phytomass arid zone.
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Seepage Flow Patterns of Fractured Thin and Poor Reservoir Based on Experiments

on Artificial Core Plate Models

Artificial core plate models of fractured thin and poor reservoirs are designed and made, and then experiments for
seepage flow patterns can be carried out. Pressure gradient distribution is revealed, and sketch maps of seepage flow
sections are drawn to study on seepage flow patterns of fractured thin and poor reservoir qualitatively and
guantitatively. Experiments show that seepage flow patterns in fractured thin and poor reservoir are influenced by
permeability, heterogeneity and cracks, cracks have greater influence. Fracturing can reduce the negative influence of
low permeability and strong heterogeneity. Thin and poor reservoirs can be divided into three seepage flow sections.
The no flow section is reduced by at least 72% by fracturing, and the proportion of quasi linear flow section raise by
over 86%.

Key words: artificial core plate model, thin and poor reservoir, seepage flow pattern, pressure gradient,

displacement experiments.
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A New Prediction Method for Heavy Oil Production Wells Flashing by Steam Flooding

Flashing is a new problem in the production process of heavy oil steam flooding production wells, and it may cause
pump air lock, tubing and pump damage, the amount of fluid production drop and other problem. But the difficult
point of the flashing prediction is the temperature and pressure calculation of the bottom accurate or not. Based on
the heat transfer, fluid Mechanics Computation establish wellbore temperature distribution model, stress distribution
model, partial loss of pressure drop calculation model when the liquid flows fixed valve pump, combining the
oil-water mixture correction of saturated steam critical temperature — pressure curve, establishing a heavy steam
flooding production Wells braising prediction model. According to the fluid, moisture content, temperature and other
production and wellbore structure parameters on the bottom and flashing situation inside pump achieves real-time
monitoring. Test was carried out by Jin 45-22 - K281 Wells, for example, through the comparative analysis

of calculation results and the measured results, prove flashing prediction model can accurately forecast for bottom



fluid. At the same time, the influencing factors of flashing is analyzed, may provide theoretical basis for prevention of
flashing.

Key words: flash prediction, heavy oil, steam flooding, wellbore temperature, wellbore pressure.
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Numerical Simulation of Air Injection Effect in Low Permeability Reservoir

The numerical simulation of air injection is carried out to further exploit the residual oil in low permeability
reservoir. The software CMG-STARS is used to establish 3D reservoir numerical simulation model of air injection to
compare with the development effect of waterflooding and air injection. The influence of different factors with well
pattern, oil group and well spacing on the development effect of air injection is studied, and the mechanism of
improving the recovery of air injection is analyzed. The results showed that the effect of air injection on oil recovery is
more obvious than that of waterflooding. The best development effect of air injection is produced by 9-point well
pattern, simultaneous injection of oil group S32I1 and S321V and 250m well spacing, respectively. It is determined
that air injection is an effective way to improve development effect and enhance oil recovery in low permeability
reservoirs. It will have reference significance for the formulation and optimization of air injection and EOR
development plan.

Key words: numerical simulation, air injection, well pattern, oil group, well spacing.
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Late Paleozoic Tectonic Analysis and Zircon SHRIMP U-Pb Geochronology Evidence

Sinkiang Hami Redstone Copper is a superlarge volcanic hydrothermal deposit of low temperature, which
experienced a multi-stage secondary tectonic activity along with regional Hercynian period tectonic movement. The
paper conducts in-depth and elaborate research of geomechanics nature on fracture structure planes from different
directions in the trenches, and obtains the age of Hercynian detrital zircon U-Pb in the trenches through the SHRIMP
particle zircon dating technique, revealing strong tectonic events in Redstone mine lot 286 -218Ma and the main
mineralization stage of 285-270Ma. The research results show four developmental fault zones with different
properties in Redstone copper: the first stage is of nearly EW and NWW-directional extensional fault zones in the
upper Carboniferous formation, meanwhile, they are simultaneous basement faults, which are the main
ore-controlling structure in ore mines; the second is the nearly SN tensional faults formed between upper
Carboniferous formation and low Permian formation, which inherit and developmineralization effect; the third is the
NE and NEE pressure shear fractures formed in upper Permian formation; and the fourth is NE pressure shear

fractures in low Triassic formation which are mainly broken ore structure. The regional tectonic stress in mine lot



respectively are: NNE tension; EW tension; one pair of levorotary SN horizontal shears and a pair of NNE horizontal
shears; one pair of dextral SN horizontal shear and tension in EW direction.
Key words: hercynian tectonic movement, fracture structure plane, geomechanics, SHRIMP particle zircon dating,

regional tectonic stress.
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Study on Temperature Field and Borehole Wall Stress Field of Gas Drilling

Air drilling is a technology improving penetration and strengthen wellbore stability in some cases. Annulus gas
temperature is usually regarded the same as the formation temperature during gas drilling. However, gas temperature
is greatly influenced by pressure and in-situ velocity in fact because of the gas compressibility. Meanwhile, when gas
go through the bit nozzles, Joule-Thomson expansion and cooling effect happens, which results in a large difference
between the gas temperature and the formation temperature. Pressure-temperature coupling calculation method is
applied to figure out the temperature and pressure distribution of the whole wellbore in this paper. Considering the
heat exchange between the wellbore fluid and formation, the radial and tangential thermal stress are figured out.
Then the wellbore collapse pressure under the co-influence of these above factors is worked out, and then an analysis
of the stability of wellbore wall under thermal stress is conducted. Based on the calculation of crustal and thermal
stress, the low temperature of the bottom results in a tensile stress around the wall, thus the shearing stress of rock,
the effective stress of the wellbore wall and the collapse pressure is reduced, which is helpful for bottom hole to
strengthen the stability of wellbore wall.

Key words: gas drilling, pressure and temperature coupling calculated model, thermal stress, stability of borehole

wall, collapse pressure.
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Effects of Electronic Waste Powder on the Properties of Asphalt Binder

Modified asphalt binders were prepared by melt blending with different contents of electronic waste powder. The
effects of electronic waste powder on the physical properties, the high temperatures storage stability, the dynamic
rheological properties and the low temperature cracking resistance properties of asphalts were studied, respectively.
In addition, fourier Transform Infrared (FTIR) Spectroscopy was used to test the effects of electronic waste powder on
chemical properties of asphalt binder. Experimental results indicated that there is no chemical reaction occurred
between asphalt and electronic waste powder. The physical properties test showed that electronic waste powder can

improve the high-temperature performance of the original asphalt.The storage stability test indicated that the



electronic waste powder modified asphalt was very stable when the electronic waste powder content was less
than 20%. With the increasing of electronic waste powder, the complex modulus of modified asphalt increased
gradually and phase angle decreased significantly. However, the electronic waste powder cannot improve the low
temperature performance of asphalt binder according to the BBR test result.

Key words: electronic waste, modified asphalt, DSR, BBR, performance.
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Development of High-Strength Soluble Aluminum Alloy and its Application in Oil Pressure Cracking

Multi-layer multi-stage partial pressure combined mining technology is the most efficient technology for hydraulic
fracturing and exploitation of tight oil and gas resources. The high-strength sealing ball is the key component to
realize multi-layer multi-stage fracturing, but after the fracturing operation is completed, all the sealing balls need to
be recycled or destroyed to ensure the smooth recovery of the oil and gas pipeline and improve the oil and gas
production efficiency. At present, the commonly used sealing ball is a steel ball or a high-molecular lightweight ball.
The density of the steel ball is difficult to return, and the polymer ball is easily deformed, and the ball is difficult to
return, which seriously affects the oil and gas production efficiency. In response to this problem, this project
combines the principle of aluminum alloy strengthening and electrochemical corrosion mechanism based on the
design idea of in-situ dissolution and no backflow, and developed a new aluminum alloy material with excellent
mechanical properties and solubility. The sealing ball for fracturing prepared by the material can effectively carry the
working pressure in the fracturing process, and can be dissolved in situ after the completion of the fracturing, without
returning the row, thereby significantly improving the completion efficiency and avoiding the risk of the ball. To
improve oil and gas production. At the same time, making full use of this material has the characteristics of high
mechanical properties and solubility properties, and can develop new tools for different fields, which has broad
application prospects.

Key words: soluble properties, aluminum alloy, fracturing; dissolution.
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New model of shale fracture pressure under multi field coupling

In this paper, we set up a model to calculate the shale fracture pressure on the basis of Huang's model by the theory

of elastic-plastic mechanics, rock mechanics and the application of the maximum tensile stress criterion, which takes



into account such factors as the crustal stress field, chemical field, temperature field, the porosity of shale and
seepage of drilling fluid. Combined with the experimental data of field fracturing and the experimental results of three
axis compression of shale core with different water content, the results show that the error of the model in the present
study is 3.85%, which is close to the measured fracture pressure and provides technical support for drilling
engineering. We also obtain the relation curve between water contents and the tensile strength, the relation curve
between water contents and the fracture pressure. Results show that both the fracture pressure and the tensile strength
decrease with the increase of water contents, it is due to the reduction of the mechanical properties of rocks by
hydration.

Key words: fracture pressure, hydration stress, temperature variable stress, water content, seepage.
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