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HccaenoBanue 3pPeKTHBHOCTH KUPHBIX KHCJI0T PACTUTEJIbHBIX MaceJl

B KauecTBe NPOTUBOM3HOCHBIX MPUCAJAOK K IN3eJIbHbIM TOMJIMBAM

Paboma noceswena 6onpocy npumeHerus HCUPHbIX KUCIOM PACHMUNETbHbIX MACEL 8 KAYeCmee NPOMUEOU3HOCHbIX
NPUCAOOK K COBPEMEHHBIM OUZETIbHBIM MONAUBAM C YIbMPAHUIKUM coOepaicatuem cepbl. IIpugedenvt pe3yromamol
CPABHUMENLHOU OYEHKU IPDEKMUSHOCMU OCUCMBUSL ICUPHBIX KUCTOM KACMOPOBO20 IbHAHO20, KOKOCOBO20

U NOOCOTHEUHO20 MAcell 8 DA308bIX KOMNOHEHMAX OU3EIbHLIX MONAUB NPOYECCO8 2UOPOOYUCTIKU, UOPOKPEKUHSA

U euopouzomepuayul. Ycmanoesneno, ymo 8ce uccied08anHbvle HCupHble KUCIOMbl PACMUMENTbHbIX MACe)l
Ahhexmuenvl 6 Kauecmeae NPOMUSOUHOCHBIX NPUCAOOK 6 CPAGHEHUU C NPOMbBIUIECHHO 8bIpadamuvléaemMoll NPUCAOKol,
npu 3mom HauboILWYI0 I pexmusHocms 8 Kawecmee nPOMUBOU3IHOCHOU NPUCAOKU NPOABTSAION HCUPHBLE KUCTOMbL
Kacmoposozo macaa, komopoe Ha 90% cocmoum u3 puyunoIe8ol KUCIOmMbl.

KJHOT-IGBBIG CJIOBA. HpOTI/IBOI/ISHOCHbIe HpI/IcaﬂKI/I, )KI/IpHI)Ie KHCJIOTHI, paCTI/ITeJH)HLIe macijia,

AU3CJIbHOC TOILUIMBO, KaCTOPOBOEC MacCJIO.

B. P. Tumanyan®, P. Yu. Shcherbakov'?, E. A. Sharin?, M. E. Matin?, O. A. Matveeva’

!National University of Oil and Gas «Gubkin University”

The 25th State Research Institute of chemmotology of the Ministry of Defence of the Russian Federation
Performance Study of Fatty Acids from Vegetable Oils

as Lubricity Additives to Diesel Fuel

Current study is devoted to the use of fatty acids of vegetable oils as lubricity additives for modern diesel fuels with
ultra-low sulfur content. The results of a comparative evaluation of the effectiveness of liquid castor, linseed, coconut
and sunflower oils in the base components of diesel fuels for hydrotreating, hydrocracking and hydroisomerization
are presented. It has been established that all investigated FA vegetable oils are effective as anti-wear additives in
comparison with a commercially available additive, while fatty acids of castor oil, which consist of 90% ricinoleic
acid, are most effective as anti-wear additives.

Key words: lubricity additive, fatty acids, vegetable oils, diesel fuel, castor oil.
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Bo3MokHbIe KOMIIOHEHTHI /ISl YBEJIHYEHHSI PECYPCOB ABTOMOOHIbHBIX 0€H3HHOB

B cmamve npedcmasnen 0630p wupoxo npuMeHsIeMbix 8 MUPOGOU NPAKmMuKe OUOKOMNOHEHINO8
u 61u0000a80K ABMOMOOUTBLHO20 OeH3una. Hcciedosana 603MOMCHOCND B0GIEYEHUS 8 CUCTNEMY
npou300Cmea MOMOPHbIX MONIUE ANbMEPHAMUBHO20 CbIPbS — OUOMACCHL.

KiroueBble ¢10Ba: aBBTOMOOMIIbHBIC OCH3UHBI, PACTUTEIBHOE ChHIPbe, OMOTOIUINBA, 30JIbKETAIb.



E. A. Chernysheva, Yu. V. Kozhevnikova, E. Yu. Serdyukova, T. I. Stolonogova

National University of Qil and Gas «Gubkin University”

Possible Components for Increasing the Resources of Automobile Gasoline

The article presents an overview of widely used in the world practice of bio-components and additives of automobile
gasoline. The possibility of involving alternative raw materials — biomass-in the system of motor fuel production is
investigated.

Key words: gasoline, vegetable raw materials, biofuels, solketal.
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Hcnonb3oBanue Moauguuupyomux 100aBOK B Mpolecce cOJIbBEHTHOM qenapa(uHu3aunu

B cmamve npedcmasnenst sapuanmul uHmeHcuduUKayuy npoyecca colb8eHMHOU oenapaguuuzayuu, cpeou KOmopbix
NEPCHeKMUBHBIM U MAL03AMPAMHbIM AGNIAEMC I UCNOIb308aAHUe MOOUpuyupyouux 006agok. OnucaHul
Moouduyupyrowue 006asKu, OMHOCAWUECS K PASTULHBIM KIACCAM XUMUYECKUX eewecms. B nacmosuwee apems cpedu
MoOupuyupyrouux 006a8oK HAUOOILUULI UHMEPEC NPEOCMABIAIOM NOJUMEPHbIe KOMROSUYUU HA OCHOBE
noau(mem)axpuramos c 10-30 amomamu yenepooa 8 ankuibHom paoukanie. Mcnonvzosanue coeOunenuil 0aHHO20
Muna 6 npoyecce colb8eHMHOU 0enapaguHU3AYuL NO360a5em SHAUUMENbHO YEeIUUUMb CKOPOCMb PUNILMPOBAHUS
CbIPLEBOU CYCNEH3UU, YMO CKA3bIBAEMCSl HA YEeNUdeHUU NPOU3B00UmenbHOCmu ycmanoeku. Ilpu smom
Yeenuuueaemcs 8bix00 0enapapuHupo8aHHo20 Macia 6 cpeonem Ha 5% u cHudcaemcs cooepicanue Macia 6
eave/nemponamyme.

KuroueBsble ciioBa: mogudunupyromas nodaska, padunar, nenapaduHuzamnus.

S. A. Antonov*? R. V. Bartko®, A. I. Matveeva®, B. P. Tonkonogov?, A. Yu. Kilyakova? R. V. Filatov®,

0. B. Dogadin®, P. A. Nikulshin*?

'All-Russia Research Institute of Qil Refning,

2National University of Oil and Gas «Gubkin University”,

*Rosneft JSC,

Use of Modificating Additives in the Process of Solvent Dewaxing

The article uses versions of intensification of solvent dewaxing process, among which the use of modifying additives is
promising and low-cost. Modifying additives belonging to different classes of chemicals are described. Polymer
compositions based on poly(meth)acrylates with 10-30 carbon atoms in an alkyl radical are currently of greatest
interest among the modified additives. The use of compounds of this type in the solvent dewaxing process significantly
increases the filtration rate of the suspension. This aspect affects the increase in plant productivity. At the same time
the content of dewaxed oil increased by 5% on average and the content of oil in paraffin slop wax/petrolatum

decreased.



Key words: modifying additive, raffinate, solvent dewaxing.
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MoaeaupoBaHue peakuHOHHO# cnocooHocTH acaJbTEHOB B peaKMsxX

1eKTPOPUIBLHOIO 3aMeleHHsI

TIposedeno KeaHmoBo-XumMu4eckoe MoOeIUpO8aHUe NPOCMPAHCMEEHHOU U INEKMPOHHOU CIMPYKMYPbl ACHATbMEHOS,
CO0ePIACAUUX PA3IUYHOE YUCTIO ILEKMPOHOAKYENMOPHBIX 3amMecmumeinetl, ¢ NOMOWbI0 Memood
DFT/B3LYP-6-31G(d,p) 015 npedckazanus peakyuoHHoU cnocobHOCmU He(hmaHbIX AChaibmenos npu ux
Xumuyeckotl moougurkayuu. M3yueno usmenenue mopcuoHHo20 yeia ROJUKOHOCHCUPOBAHHOU aAPOMAMUYECKOl
acganrbmenosol cmpykmypbl 8 3a6UCUMOCIU Om muna 3amecmumeins. [Ipoananuzuposamsl s1eKmpoHHas
CMPYKmMypa u 3aps0060e pacnpeoeienue J1eKmpoHHOL RIOMHOCMU NO APOMAMUYECKUM AMOMAM Yeiepood C Yebio
onpeoeneHus. RPeuMyueCmeenio20 HanPasiIeHus PeaKyuu dINeKmpopUIbHO20 3aMEUJeHUsL U3YUEHHBIX MOOCTbHbIX
cmpykmyp acgaromenos. Ilokazano, umo 6blCoKas cmenetb NOIUKOHOCHCUPOBAHHOCU AChHANbMEH08, d MAKHCe
Hanuyue apoMamu4ecKux 2emepoyuKIULeckux hpazmeHmos, 8blICMynaouux 6 Kauecmeae 1eKmpoHOOOHOPOE, He
OKa3bI8AECN 3HAYUMENLHO0 GNUAHUSA HA HANPABILEHUE AMAKU JJIeKMPOPUILHO20 PeazeHma, 66e0eHue
DJIEKMPOHOAKYERMOPHBIX 3aMecmumeineti CHUMNCaenm cKOpoCmb Peaxkyuul J1eKmpopuibHO20 3aMeueHUsL.
KiroueBhIe ¢J10Ba: KBAHTOBO-XHUMHYECKOE MOJICTHPOBaHHE, ac(haabTeHHl,

pCaKknoOHHaA CHOCO6HOCTL, BHGKTPO(l)I/IHLHOC 3aMCIICHUC.

K. V. Shabalin!, V. V. Neklyudov?, L. E. Foss*, D. N. Borisov*

'FRC Kazan Scientific Center, Russian Academy of Sciences,

*Department of Chemical Engineering Technion — Israel Institute of Technology

Quantum Chemical Calculation of Asphalten Reactivity

in Electrophilic Substitution Reaction

Quantum-chemical modeling of the spatial and electronic structure of asphaltenes containing different numbers
of electron-withdrawing substituents was carried out using the DFT / B3LYP-6-31G (d, p) method to predict the
reactivity of petroleum asphaltenes upon their chemical modification. The change in the torsion angle of the
polycondensed aromatic asphaltene structure depending on the type of substituent was studied. The electronic
structure and charge distribution of the electron density over aromatic carbon atoms are analyzed in order to
determine the predominant direction of the electrophilic substitution reaction for the studied model structures
of asphaltenes. It was shown that the high degree of polycondensation of asphaltenes, as well as the presence of
aromatic heterocyclic fragments acting as electron donors, does not significantly affect the direction of attack
of the electrophilic reagent; the introduction of electron-withdrawing substituents decreases the rate

of the electrophilic substitution reaction.

Key words: quantum chemical calculations, asphaltenes, reactivity, electrophilic substitution.
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Oxmuciienne HeTAHBIX acaabTEeHOB CONMPSIZKEHHOE ¢ HOTUPOBAHHEM

B pabome onucano oxucnenue negpmsanuix acpanrbmenog tiooamom xanus. Ilokazano, umo 8 MAaeKUX ycio8usx
OKUCTIeHUEe CONPOBOIHCOAemcs UOOUPOBAHUEM APOMAMUYECKo20 A0pa acparvmenos. Unoyyupyroweii peaxyuetl
ABNAEMCSL OKUCTEHUE CYIbOUOHBIX AMOMO8 CEPbl, 8X00SUWUX 8 COCMAS ACPanbMeH08 ¢ 80CCMAHOGIEHUeM UOOAM-
AHUOHA 00 MOAEKYIAPHO20 U00d, A CONPANCEHHOU — INeKMPOPUIbHOE 3ameujeHue. Memooom penmeenoscKo
GomosnexmpoHHol cneKmpocKonuu 3agUKCUpo8ano ygeaudeHue Maccosoli 001U KUCI0pooa no CPABHEHUIO C
UCXOOHBIM 00pa3yom, a maxaice obpasosanue ceasell muna yenepod — tiod. C nomowwvio UK-cnexmpockonuu
VYCMAHOBIEHO, YMO OKUCIEHUE achanrbmeHnos conposoxicoaemcs 0opazosanuem KapOOKCUIbHbIX U CYLbGOKCUOHBIX
epynn. Cnekmpockonuetl KOMOUHAYUOHHO20 PACCEHUS C8eMa BbIABIICHO YMEHbULEHIUE PA3MePO8 MONEKYIl OKUCIeHHbIX
acganbmenos o CpaBHEHUIO ¢ HAMUBHLIMU acparbmenamu. Memooom nOPOUIKOBO20 PeHM2EHOCIPYKIYPHO2O
AHANU3A NOKA3AHO YMEHbULEHUE MENHCHIOCKOCIMHO20 PACCMOSHUA NPOOYKMA OKUCAEHUS ACHATbMEHO8 3d CUem
YRopsaoouusarus u 6oaee niIOMHO20 PACNONIONCEHUS ANUPAMULECKUX PPasMeHmOos.

KiueBrble ciioBa: achanbTeHbl, HOJUPOBAHUE, OKHCIICHUE,

PCHTTCHOBCKaAs (1)0T03J'ICKTp0HHafI CIICKTPOCKOIIHA, KOM6I/IHaLII/IOHHOC paccesaHuc CBETA.

K. V. Shabalin!, L. E. Foss', L. I. Musin?, O. A. Nagornova’, A. T. Gubaidullin®, A. F. Saifina?, A. A. Khannanov?, I.
R. Vakhitov®, D. N. Borisov*

'FRC Kazan Scientific Center, Russian Academy of Sciences, Kazan

Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center, Russian Academy of Sciences,
Kazan

3Kazan (Volga region) Federal University, Kazan

Oxidation of Oil Asphaltes Conjugated with lodination

The paper describes the oxidation of petroleum asphaltenes by potassium iodate. It was shown that under mild
conditions, oxidation is accompanied by iodination of the aromatic core of asphaltenes. The inducing reaction is the
oxidation of sulfide sulfur atoms that are part of asphaltenes with the reduction of the iodate anion to molecular
iodine, and the conjugated one is electrophilic substitution. By the method of X-ray photoelectron spectroscopy, an
increase in the mass fraction of oxygen as compared with the initial sample was recorded, as well as the formation of
carbon-iodine bonds. Using the method of IR spectroscopy, it was found that the oxidation of asphaltenes is
accompanied by the formation of carboxyl and sulfoxide groups. Raman spectroscopy revealed a decrease in the size
of molecules of oxidized asphaltenes compared to native asphaltenes. The method of powder X-ray diffraction analysis
was showed a decrease in the interplanar spacing of the asphaltene oxidation product due to the ordering and denser
arrangement of aliphatic fragments.

Key words: asphaltenes, iodination, oxidation, X-ray photoelectron spectroscopy, Raman scattering.
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3amuTHast 3PPeKTUBHOCTH MACIASTHBIX KOMMIO3UIUI B MPUCYTCTBUHU CEPOCOIEPKAIUX CTUMYJISITOPOB
KOPPO3UH

Hzyuena saupumnas 3¢ppekmusHocms MACASIHBIX KOMIOZUYULI NPOMUG KOPPO3UU CIATU 8 NPUCYIMCMEUU OUOKCUIA
cepol. C pocmom OmHOCUMENbHOL 6LANCHOCIIU 8030YXA U UCXOOHOU KOHYEHMPAYUU CePHUCMO20 2a3d 6 ammocpepe
603pacmaem 81A20NPOHUYAEMOCTNb MACTAHBIX NIEHOK, A MAKX*Ce CKOPOCHb KOPPO3UU CMAAU, KAK 3auUljeHHOU, maK
U He3aWUUeHHOU MACTAHLIMUY NIeHKaMU. Paccmompen 6xnad omoenbHbIX KOMIOHEHMO8 8 3auumHoe oelicmeaue
njleHKy cunmemuyeckozo macia Mooun-1, uneubuposannozo npucadkoti IMynveun, 8 NPUCYMCMEUU OUOKCUOA Cepbl.
Obwas 3awumuasn s¢hgpexmusnocms cucmemul yepes 1 cym. mosxcem docmueams 93—96% 6 0,5M pacmeope xnopuoa
Hampus, cooepaicauem OUOKCUO cepbl U NPOOYKMbL €20 83AUMOOEUCmBUsL C 80001U. 3amedienie Koppo3uu Cmaii noo
croem UHeUOUPOBAHHOU U HEUHSUOUPOBAHHOU MACTAHOU NAEHKU 00YCI08NEHO NPEUMYUeCMBEHHO 3AMe0NeHUEM
KamoOH020 npoyecca npu He3HA4UmMenbHOM MOPMONCEHUU AHOOHOU PEeaKyuu.

KuroueBble cjioBa: Maciio, THOKCHU]] CEPhI, KOPPO3Us, CTallb, HHTUOUTOP,

3amuTHas 3G QEeKTUBHOCTD, MU GepeHITnaIis BKIaI0B.

V. . Vigdorovich?, L. E. Tsygankova >, L. G. Knyazeva', N. V. Shel®

Protective Efficiency of Oil Compositions in the Presence

of Sulfur-Containing Corrosion Stimulants

The protective effectiveness of oil compositions against steel corrosion in the presence of sulfur dioxide was studied.
Moisture permeability of oil films; the corrosion rate of steel, both protected and unprotected with oil films, increases
with increasing relative humidity and the initial concentration of sulfur dioxide in the atmosphere. The contribution of
individual components to the protective effect of a film of synthetic Mobil-1 oil inhibited by the additive of Emulgin in
the presence of sulfur dioxide is considered. The total protective effectiveness of the system can reach 93-96% for a
day in a 0.5 M sodium chloride solution containing sulfur dioxide and the products of its interaction with water. The
slowdown in steel corrosion under a layer of inhibited and non-inhibited oil film is mainly due to a retardation of the
cathodic process with a slight inhibition of the anodic reaction.

Key words: oils, sulfur dioxide, corrosion, steel, inhibitor, protective efficiency, contribution differentiation.

Hao o', B. C. /lepzynoé?, C. H. Yenunuee?
'Cuanbcknii HedrsaHON yHMBEepcHuTeT, KuTaii,
2PI'Y medrv v raza (HUY) umenn U. M. I'yOkuna

caobo@xsyu.edu.cn



IIpuMeHeHHe MUKPOBOJHOBOI TEXHOJOTHH 1JIs1 HOATOTOBKU TOBAPHBIX Ts:KeJabIX HedTeil

K IlepeKkaykKe 10 MarucTpajabHbIM TPYOONPoOBOAaM

Bpa60me pacemampuearoncst mexnuieckKkue U SJKOHOMuUu4ecKue acneknbvl NPUMEHERUsSl mexnolocuu
MPAHCNOPMUPOBKU NO MALUCIPATILHBIM MPYOONpo800am moeapHoll msaicenoll Heghmu nocie ee 0opabomxu
CBEPXBLICOKOUACMOMHBIM dNeKmpoMacHumuelm nonem (2450 MIy), komopas paccmampusaemcs Kax aiomepHamuea
nepexauxu npeogapumenvHo nHazpemuix Hegpmei. Cpasnenue cmoumocmeti xcusnennwix yukaos (LCC) nazeannvix
MexXHOI02ULl NOKA3aN0, YMo 0151 0becnedeHuss mpedyemou nponyCcKHOU CHOCOOHOCMU MPAHCNOPMUPOSKA Hepmu
nocie ee MUKpO8OIHOB80U 00paboOmKU A619emcs NPeONoYmMUmenbHoll N0 CPABHEHUIO ¢ «2opsauelly nepekaukou. Ilpu
MPAHCHOPMUPOBKE Heghmu nocie MUKPOBOIHOBOU 00pabOMKU YMEeHbUEHUEe IKCHIYAMAYUOHHBIX 3ampam Ha
nepekauxy u 0opabomky/nazpes 00bACHAEMC A CHUNCEHUEM ee 653KOCIMU U3-3a MEePMONU3A 2emePOamOMHbIX
BbICOKOMONEKYIAPHBIX KOMNOHEHMO8 U 0OHOBPEMEHHBIM 00bEMHBIM PA302PEBOM ee

00 memnepamypul 6IU3KOU K HAYANLHOU Mmemnepamype Hepmu npu «2opsadeii» nepexkauxe.

KwueBble cioBa: ToBapHas TsDKenas HeTh, MUKPOBOJIHOBAs 00paboTKa HEPTH, «ropsdas MepeKadka,
HEU30TCPMUYCCKUEC He(bTerOBOIII)I, TEIIOBOM U I‘I/II[paBHI/I‘IeCKI/Iﬁ pacye€Thbl, CTOUMOCTD )KU3HCHHOT'O [HUKJIa

TCXHOJIOTHH.
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Application of Microwave Technology to Prepare Commodity Heavy Oils

for Trunk Pipeline Transportation

This paper studies technical and economic aspects of the application of transporting heavy commodity oils by trunk
pipelines after its microwave treating (2450 MHz), which is considered to be an alternative to a transportation of
preheated crudes. 4 comparison of the abovementioned technologies life cycle costs (LCC) indicated that to provide
required pipeline capacity a crude transportation after its microwave treating is the preferred technology compared
to the transportation of the preheated oil. During the crude oil transportation after its microwave treating a reduction
of pumping and treatment/heating operational costs is explained by its viscosity decrease due to a thermolysis of
heteroatomic high molecular weight components and its simultaneous volumetric heating to a temperature close to the
initial temperature of the oil during preheated oil pumping.

Key words: commodity heavy oil, microwave oil treatment, transportation of the preheated crude oil,

non-isothermal crude oil pipelines, thermal and hydraulic designs, technology life cycle cost.
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IlepcnekTHBHBIE MPenapaThl 1Js1 YCKOPeHHOMH OuopemMennanun Hedgre3arpsi3HEHHbIX I0YB



Hegmsauvie 3aepsasnenus npedcmagnsaiom cepbe3nyio yepo3y 0Jisl HCUBOMHO20 MUPA U pACTMEHUIL.

Texnocernnvle HapyweHust mocym npueecmu K nNOJHOMY UIU YACMUYHOMY YHUUMOMICEHUIO NOYE6EHHO20 NOKpOoed.
C03a(lH1/l€ HOBbIX U cosepuieHcmeosarue cyulecmeyroumux Cnocob06 oYUCmKU NOYE u pexyismueayuu n0O46€HHO20
NOKPO8A AIAEMC AKMYANbHOU npobaemotl. B cmambe paccmampugaiomes nepcnekmueHvle peazeHmol 015 O4UCTHKUY
U pexyrbmusayuy HegpmeszazpaHEeHHbIX Nou8 nymem duopemeouayuu. Ilokazana nepcnekmusHOCMs NPUMEHAEMBIX
Peazenmos 8 CPaABHeHUU C CYWeCBYIouUMU AHAL02AMU.

KiaroueBsble c10Ba: HeQTSIHbBIC 3arpsi3HEHUS, OHOpeMeruarius, He)Te3arpsa3HeHHBIC TOYBBI,

nepepaboTka HedTenuiama, MoJIMKOMIUICKCOH.
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Promising Reagents for Accelerated Bioremediation of Oil-Contaminated Soils

Oil pollution is a serious threat to wildlife and plants. Man-made disturbances can lead to complete or partial
destruction of the soil cover. Creation of new and improvement of existing methods of soil cleaning and soil cover
reclamation is an urgent problem. The article discusses promising reagents for cleaning and reclamation of
oil-contaminated soils by bioremediation. The prospects of the used reagents in comparison with existing analogues
are shown.

Key words: oil pollution, sioremediation, oil-contaminated soils, oil sludge processing, polycomplexon.
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Using Big Data to Establish Mathematical Model Method to Identify the Safety Displacement System of Oil
Storage Tank

According to the requirements of the topic, this paper establishes the corresponding mathematical model for the
specific problem, and solves the problem accurately. The problem is analyzed step by step to the data and the
theoretical solution value, and the relationship between them is obtained. Based on this, a reasonable conclusion is
obtained. For the problem, firstly, the cross-sectional method is used to establish the mathematical model for the
relationship between the theoretical oil capacity and the oil level height without displacement and displacement.
Then, according to the oil-free high oil level given in Annex 1, the corresponding theoretical oil quantity is obtained
and compared with the actual oil quantity value, and the relative deviation between the two is found. Basically, the
stable value is 3.371%, and the correction function of the theoretical oil quantity is obtained according to the
relationship between the two. At the same time, the deviation function is applied to the oil without displacement, and
the relative error of the absolute oil output is compared by comparing the two adjacent moments. Verify the
correctness of the correction function.Then, according to the corrected theoretical oil quantity corresponding to the
tilting displacement oil and the actual oil quantity, it is analyzed that when the liquid level is small, the tank volume

reading is small when the liquid level is small, and the reading is too large when the liquid level is high. in



conclusion. Finally, using MATLAB to write the program, the tank capacity is calibrated according to the oil level
height interval of 1cm after the displacement.

Key words: cross-section method,big data, triple integral, ergodic method, ndepso algorithm.
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Applicability of a New Drilling Fluid System for Temporary Plugging of Low Permeability Carbonate
Reservoirs Containing H,S and CO;

In view of the special geological characteristics of the complex carbonate reservoir in Asmari reservoir of Missan
oilfield, in order to effectively control the damage of working fluid to the reservoir when drilling multi-pressure
reservoir, and prevent the occurrence of well leakage, blowout and well collapse in long open hole reservoir. In this
paper, a new temporary plugging drilling fluid formulation system for low permeability carbonate reservoir
containing H,S and COx in target block is designed by using self-developed acid-soluble temporary plugging agent
DSK-1 combined with HCOONa and modified biopolymer VS-A flow pattern regulator, modified starch water loss
reducer and DSP antioxidant. The temperature resistance, formation water pollution resistance, inhibition and acid
gas and fluid resistance of the system were evaluated. At the same time, The temporary plugging experiments on cores
taken from the site show that the recovery rate of plugging removal of the formula system is up to 86.3%, which can
effectively meet the target requirements, and provide some guidance and reference for the follow-up study of
temporary plugging drilling fluid for acid low permeability carbonate rock.

Key words: low permeability; carbonate reservoir; drilling fluid; system, Missan Qilfield.

Futang Hu,! Liang Cheng,! Tao Cheng,! Yan Zhou,* Zhiwei Jia,! Yi Zhang,! Liming Shao?

!Drilling and Production Technology Research Institute of CNPC Qinghai Petroleum, Qinghai, China,

’RIPED, PetroChina, Beijing, China

Three-dimensional Numerical Simulation of Influence of Physical Parameters of Cement Sheath on the
Stability of Separated Cementing Interfaces

The current research on the stability of the formation-cement sheath-casing combination is mainly based on the plane,
and the established 3D model is just an example. There is no systematic study under the three-dimensional model and
the triaxial ground stress, when the influence of the physical parameters on the stability of the composite cementing
interfaces are separated. By establishing a three-dimensional formation-cement sheath-casing combination, the two
cementing interfaces are separated under the action of triaxial ground stress, the effects of physical properties
(Elastic Modulus, Poisson's ratio, density) of the cement sheath on the contact pressure and spacing of the cemented
interfaces are studied. According to the established theoretical model, the influence of different physical parameters
on well integrity after cementing in Qinghai Oilfield were analyzed, which provided theoretical support and guidance

for the occurrence of out-of-tube turbulent flow and instability mechanism, and pointed out the direction for



subsequent construction operations such as profile control and water plugging. The physical properties of the cement
sheath are preferred to ensure long-term sealing of the combination.

Key words: cementing; physical parameters; cement sheath; three-dimensional; formation; casing; crustal stress.
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Molecular Simulation on Competitive Adsorptions of CO,, CH4 and N2 in Deep Coal Seams

We simulated the competitive adsorption of CO,, CH4 and N, in deep coal seams by building a graphite supercell
structure and discussed the impact of pressure, pore size and multicomponent on CH4 desorption. The results show
that the adsorption capacity of a single component is in the order of CO, > CH4 > N2. For the CH4/CO competitive
adsorption, absorbed CO; can reach saturation at low pressure. CO; has adsorptive advantage compared with CHy,
and CO; can promote the CH4 desorption by means of displacement. For CH4/N2 competitive adsorption, the
adsorption capacity of N is weaker than that of CH4 demonstrating that the improvement in coalbed methane (CBM)
production by N> injection is achieved by reducing the partial pressure and creating flow channels. The presence of
H»0 has a greater impact on the gas with a stronger adsorption capacity in the binary component system. For the
CH4/CO2/N, competitive adsorption, the CO; adsorption is dominant at 1 nm slit pore, while CH4 adsorption is
dominant for 2 nm slit pores. This indicates that by increasing the pore diameter, CO2/N. injection does not promote
CH, desorption. H,O also has a significant impact on the competitive adsorption in the ternary component system.
The strong interaction between H,O and CO, weakens the CO. adsorption capacity.

Key words: coalbed methane; competitive adsorption; pore diameter; moisture content; molecular modeling.
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Enhanced Thermal Oxidation Stability of Jet Fuel by Deoxygenation Treatment

Thermal oxidation stability is an important parameter for jet fuel practical application. In this work, the deoxygenated
fuels (JP-10 and RP-3) by nitrogen purge underwent the accelerated thermal oxidation (180, 200 and 220°C) to
evaluate the influence of deoxygenation on fuel stability, during which the hydroperoxide number, total acid number,
the size distribution of insoluble oxidation species and the concentration of remaining antioxidant (butylated
hydroxytoluene, BHT) were monitored and analyzed. The results show that the deoxygenation and the thermal
oxidation have very little influence on the fuel physical properties (density, net heating value and kinematic viscosity).

However for the accelerated thermal oxidation, the deoxygenation greatly reduces the hydroperoxide number and the



total acid number, with more BHT reserved in the fuel. Moreover, the deoxygenation treatment also inhibits the
formation tendency of soluble macromolecular oxidatively reactive species (SMORS) and insoluble oxidation species
such as gums and deposits.

Key words: fuel oxidation, deoxygenation treatment, hydroperoxide number, total acid number.
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Study on Production Decline Law of Junlian Coalbed Methane Development Test Well

For the production decline law of coal-bed methane wells, production decline can be divided into three types:
exponential decline, hyperbolic decline and harmonic decline. The research of production decline law is very
important for the evaluation of the CBM productivity. This paper has studied on the law of production decline in
junlian region and got the production decline type of low, medium, high production wells. At last, this paper gave the
dynamic reserves calculation and recovery evaluation methods and steps using FAST-CBM coal-bed methane
reservoir analysis system software.

Key words: production decline, CBM, exponential, harmonic decline, hyperbolic decline.
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Preparation and Properties of Single-Channel Slim-Hole Fiber-Elastic Emulsion Cementing Slurry System
This paper is aimed at the problems of weak cement sheath, weak impact strength, low compressive strength, low
bonding quality and so on in slim-hole cementing. The cement slurry system was improved by self-developing elastic
emulsion combined with toughening fiber. And compared the influence of different toughened materials on the
mechanical properties of cement stone. The evaluation results show that the cement slurry system exhibits good
rheological properties through the combination of fiber and elastic emulsion. Pumping resistance is small, high
temperature and high pressure filter loss is less than 30 mL, slurry is stable, no free liquid, but also shows good
shrinkage resistance, thickening time can be adjusted for 3-5 hours. In addition, in terms of mechanical properties,
the impact strength of cement stone under 0.3% carbon fiber +15% elastic emulsion is greater than 2.2KJ-m?, the
compressive strength at 24h is greater than 20MPa, the resistance to gas is 15.6MPa, and the shear strength is
greater than 3.5MPa. The tensile strength is greater than 300KPa, which fully meets the needs of field applications.

Key words: single channel, slim-hole, cementing, fiber-elastic emulsion.
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Study on the Micro-Sweep Characteristic of CO; Flooding

Micro multi-phase flow equation is built based on the mechanism of multi-phase fluid flow in porous media in this
paper. We considered the convection diffusion and the improved component mixing rule. In order to be more close to
the low permeability reservoir, the micro model is not only simple pore throat but also complex pore throat. We
predict the residual oil distribution characteristics of CO» flooding in low permeability reservoir by finite element
micro simulation, and verify it by experiment. Furthermore, we analyzes the micro flow characteristics of CO»
flooding for the different wettability. The results show that: compared to the high permeability reservoir, CO,
flooding improving micro sweep volume by convective diffusion is more obvious in the low permeability reservoir; the
mainly distribution patterns of residual oil are the prismatic residual oil, the wedge-shape residual oil and the
membrane residual oil. With the wetting angle of fluid and rock decreased by the process of CO: flooding, Micro
displacement efficiency further improved.

Key words: CO:2 flooding, microscopic flow characteristic, wettability.
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Oil Pipeline Network Evaluation Based on Multi-channel Convolution and H-Markov Model

with Co-evolution Mechanism

With the development of oil pipeline transportation domain, the layout of regional oil pipeline transportation network
is dually influenced by regional development and its own evolution, more than that, it is a dynamic concept. In order
to get more reasonable evaluation results, it is necessary to improve the traditional evaluation method by the way of
regarding the network layout behavior and regional space expansion behavior as interactive objects in this paper. On
the basis of analyzing regional development characteristics and pipeline transportation network layout demands from
the perspective of spatiotemporal, the co-evolution mechanism between them is dissected. Based on this, the multi-
dimensional layout evaluation index system is constructed from four dimensions, a layout evaluation model of oil
pipeline transportation network based on multi-channel convolution and Hidden-Markov model with co-evolution
mechanism (i.e. CEM-MCNN-HMM) is proposed, which serve as a framework of co-evolutionary behavior
recognition to use convolution kernel of different sizes to extract feature information of different granularity from data
in different channels, effectively obtain the property features, behavior features and interactive features of the
behavior objects, and then convert the behavior recognition problem into classification problem. Using Hidden-
Markov model to excavate the status dependent relations with a certain span of time and modify the classification
results to improve the robustness of the model. At last, take real data set as training data, test the performance of the
proposed model from three aspects: the rationality test of using fractal dimension metrics and resetting fractal
measured unit, model evaluation criteria based on confusion matrix analysis. The result shows that the performance

of CEM-MCNN-HMM is best among all models and can improve the judgment level of transport network layout.



Key words: oil pipeline network layout evaluation model, co-evolution mechanism, coevolutionary behavior

recognition, convolution kernel of different sizes, HMM.
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Comprehensive Transportation Network Planning Method Based on Energy Conservation Concept

Under the background of new urbanization, following the concept of “intensive, energy-saving and ecological”, the
idea of "interactive development of transportation and land use, minimum energy consumption and environmental
damage" is put forward. Regional comprehensive transportation network with land use and travel demand as the main
body will become the main trend of low-carbon ecological comprehensive transportation planning strategy. Based on
the three-level programming model, this paper cooperates with the dynamic mutual feed relationship among the three
at the planning level, and carries out comprehensive optimization design on them. Decision variables include not only
the decision of land use change, but also the construction and renovation of traffic routes. In order to solve the
complex mixed integer nonlinear model, the hybrid method of augmented dual algorithm and sequential average
algorithm is adopted to solve the lower model and the heuristic algorithm is adopted to effectively solve the integrated
model, thus obtaining the optimal comprehensive transportation network layout scheme and the optimal land use
scheme. Finally, a multi-scale space is taken as a research unit to carry out an example analysis. The results verify
the effectiveness of the proposed model and method, which can improve the scientificity and rationality of the
planning.

Key words: low carbon ecology, regional integrated transportation distribution network, augmented dual algorithm,

heuristic algorithm.
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Study on Adaptability of Polymer Molecular Coil Dimension in the Pore Structure of the Reservoir

A series of experiments were carried out to study the matching relationship between pore structure in reservoir and
the molecular radius of gyration. The hydrodynamic radius Dh (molecular coil dimension) was tested by dynamic
light scattering and it was be used to characterize the crimping degree of polymer chains and molecular coil
dimension. The storage modulus and loss modulus was studied through creep recovery. CT scan was used to get the
parameters of pore throat structure in the reservoir. Finally, experiment of polymer injection has been carrying out to
indicate the adaptability of polymer molecular coil dimension in reservoir pore structure. Comparing pore radius with
the molecular radius of gyration, shows that the storage modulus ratio is the key critical factor of oil displacement
efficiency and the range of 10-20. Also, stable pressure gradient at 0.05-0.3 MPal/s is good; stable pressure gradient
at 0.3-0.6 MPa/s is medium; stable pressure gradient above 0.6 MPa/s or no stable pressure gradient is bad. Greater
molecular weight and higher concentration of polymer in the core with low permeability has no stable pressure.

Key words: molecular weight, creep recovery, polymer viscosity, pore throat structure.
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Preparation and Performance Evaluation of Hydrophobically Associating Polymer as High-Strength Water-
Swelling Temporary Plugging Material

The use of degradable polymer materials to control working fluid flow during hydraulic fracturing is an area of
interest in stimulation technology. A temporary plugging agent with high compressive strength is used to block the
pre-fracturing or natural old cracks, and then the new joints are pressed at different positions by repeated fracturing
to increase the oil and gas passages, thereby realizing a stable production of oil and gas reservoirs. The temporary
plugging agent temporarily blocks the particles or liquid from entering the pre-existing cracks, allowing the
fracturing fluid to transfer to create new cracks within the reservoir and create a more complex network of fractures.
In view of the needs of this technology, the temporary plugging agent not only has strong pressure resistance, but also
has good water solubility, can lose the blocking ability in a certain time, and has good returning performance, which
can make new and old cracks simultaneously effect. This method can achieve oiling effect. A new type of internal
temporary plugging agent was developed, and the mechanism of temporary plugging of temporary plugging agent was
evaluated through experiments, including temporary plugging material microstructure, particle size, water
absorption, water absorption speed, temporary plugging effect and conductivity after dissolution. The research shows
that the temporary plugging agent has a good temporary plugging effect, no pollution to the oil well, and can play a
good protective role on the reservoir in repeated fracturing.

Key words: temporary plugging agent, water swelling, plugging strength, conductivity.
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Molecular Structure Design Principles for Clay Hydration Inhibitors

The crucial challenge associated with water-based drilling fluids for the extraction of shale gas is the inhibition of
clay hydration in the drilling operation. In the design of efficient shale inhibitors, the selection of appropriate groups
is important. In this report, three inhibitors with different amounts of amine and hydroxyl groups were used to study
their inhibition performance, inhibition mechanism, and their environmental friendliness. Given that amine groups
can replace cations and decrease basal spacing, unlike hydroxyl groups, the former exhibits superior inhibition
performance. In terms of biodegradability, the amine group is better than the hydroxyl group. However, the hydroxyl
group has better performance compared to the amine group with respect to toxicity. Thus, the design principle of the
chemical groups is that the inhibitor should consist of both the amine and the hydroxyl groups. For proper inhibition,


mailto:lh-100097@chd.edu.cn

the inhibitor should contain the amine as the basic group. By adjusting the number of hydroxyl groups, inhibitors with
excellent biotoxicity can be designed.

Keywords: Shale gas, clay hydration, inhibitors, design principle, amine group, hydroxyl group.
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