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3. I'. Tenawes, H. P. Xaiipyounos, P. H. Xaiipyounos, A. A. Tuxonoe

AO «MucTuTyT HepTexuMIepepaboTKu», T. Y dha

inhp@inhp.ru

HekataguTHyeckne TeXHOJIOTHH NMepepadOoTKH He(TAHBIX OCTATKOB U TSKeJbIX HedTeH

Hcmowenue uzenexaemuvix 3anacog Heghmsamno2o culpvs 8 Mupe mpedyem KearupuyuposanHo2o nooxood K npooreme
nepepadomKu HeghmsHvix OCMAMKO8, 00151 KOMOPbIX 803PACMAEM ¢ 8061eeHUeM 8 000POM 8bICOKOBAIKUX Hedmell U
NPUPOOHBIX OUMYMO8, 00AA0AIOUUX BLICOKOU NIOMHOCTHBIO, 83KOCMBIO U HUSKUM 8bIXO00M CEEMIbIX (OPaAKYULL.
Hucmumym negpmexumnepepabomru mpaouyoHHO ¢ HAYaIa c80e20 CyWeCcmao8anus 3aHUMAICs PazpadbomKot
npooOIeMbl HEKAMAIUMULECKOU nepepabomKy msdicen020 Hemsanozo cvipbi. B pabome 060bwenvt paspabomru
Hucmumyma negpmexumnepepabomiu 6 s3moii obnacmu, 8bInOAHeHHbIE 8 medeHue noumu 20 1em, 4vacmov KOMopsix
yorce NOLYUUNA NPOMBIUULIEHHOE 8HEOpeHUe, d OCMANbHAS YACMb NOO20MOBNEeHA K HEOPEHUIO.

KiroueBsble ciioBa: He(DTSHBIE OCTATKH, TSDKENbIE HE(PTH, BaKyyMHas IIEperOHKa, OUTYM, neachanbTu3amus,

BHUCOPEKHHT, 3aMe/IJICHHOE KOKCOBAaHHUE, TEPMOJIN3, TEPMUIECKHIA KPEKHHT.
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E. G. Telyashev, 1. R. Khairutdinov, R. I. Khairutdinov, A. A. Tihonov

Institute of Petrochemical Processing JSC

Non-Catalytic Technologies for Processing Oil Residues and Heavy Qils

The depletion of recoverable reserves of crude oil in the world requires a qualified approach to the problem of
processing oil residues, the share of which increases with the involvement in the turnover of high-viscosity oils and
natural bitumen with high density, viscosity and low yield of light fractions. The Institute of Petrochemical Processing
has traditionally been engaged in the development of the problem of non-catalytic processing of heavy oil raw
materials since the beginning of its existence. The work summarizes the developments Institute of Petrochemical
Processing in this field, carried out for almost 20 years, part of which it has already received industrial
implementation, and the rest is ready for implementation.

Key words: oil residues, heavy oils, vacuum distillation, bitumen, de-asphalting, visbreaking, delayed coking,

thermolysis, thermal cracking.

E. B. Bepecnesa?, 0. A. Mameeesa', E. b. @edoposa’

I®AY «25 TocHUU xummoTonorun Muno6oporst Poccum,

2PT'Y nedru v raza (HUY) umenu U. M. I'yOkuna

elena.b.fedorova@gmail.com

HexoTopble 3aK0OHOMEPHOCTH H3MEHEHHSs CBOICTB IM3eJIbHBIX TOIINB

B YCJOBHSAX HU3KHX TeMIepaTyp

ObocHosaHbl mpebo8anus K Memooy onpeoeieHus CeOUMeHMAayUOHHOU YCMOUYUBOCMU OU3ETbHO20 MONIUBA

8 VCII0BUAX OMPUYAMETbHBIX MEMNEePamyp ¢ UCNONb308aAHUEM OUPDPePEeHYUANbHOU CKAHUPYIOWell KATOPUMEMPUU.
Hccredosano enuanue ckopocmu oxaaxicoeHus Ou3eibH020 MOnAUa Ha Npoyecc KPUCMaiiu3ayuu.

KioueBble ci1oBa: TeMrepaTypa NpUMEeHEHUs], IpeAebHas TeMepaTypa GUiIbTpyEeMOCTH, IU3eTIbHOE TOILIHBO,

muddepenHanbHas CKaHUPYIOLIas KaTOpPUMETPHS, CEAUMEHTALMOHHAs yCTOMYMBOCTD, (ha30BbIe MEPEXOIBI.



DOI: 10.32935/0023-1169-2023-636-2-10-15

E. V. Beresneva', 0. A. Matveeva', E. B. Fedorova®

IThe 25" State Research Institute of chemmotology of the Ministry of Defense of Russian Federation,

>Gubkin University

Some Patterns of Changes in the Properties of Diesel Fuels Euro at Low Temperatures

The article presents method requirements justification for determining the sedimentation stability of diesel fuel
at low temperatures with differential scanning calorimeter. The influence of the rate of diesel fuel cooling

on the crystallization process was investigated.

Key words: low temperature operability, cold filter plugging poin, cloud point, diesel fuel,

differential scanning calorimeter, sedimentation stability, phase transitions.

I'. Mancyp', B. K. Munnep’, JI. B. Heanoea', B. H. Kowenes’

'PI'Y nedru u raza (HUY) umenn U. M. I'yGkuna,

2000 «PH-LIUP»

rebel angel1900@hotmail.com

BiusiHue KOMIIOHEHTHOI'O COCTaBa He(Teil

HA HX CTPYKTYPHO-MeXaHHYeCKHEe CBOHCTBA

B pabome ucciedosanvl negpmu, omuocauuecs K napaQuHUCmviM CMOIUCTIBIM U BbICOKOCMOIUCTILIM,

a maxoice MaronapaGUHUCIsIM 8bICOKOCMOIUCTBIM, OJIs1 KOMOPBIX ONPedesetbl 2DYRNOGOU XUMUYECKUL COCIMAs,
8A3KOCMHO-MeMnepamypHule U CmpyKmypHo-mexanudeckue ceoticmea. 1o uzomepmuyeckum Kpuebim meyenus
npAM020 u 0bpamnozo xo0a, noayueHuvim npu memnepamypax 10, 0 u —10°C, paccuumanvl eeiutuHbl GHYMpPEeHHel

IHepeuu paspyuleHus HaoMoaeKyrapuo cmpykmypol (W) nepmeii. Ycmanoeneno, umo 014 écex negpmeti npu
CHUdICEHUU memnepamypul nabooaemcs eopacmanue W, umo obvacHsemcs 06pazosanuem npocmpancmeeHHol

KPUCMALIUYECKOU peulemKu napapuHoesix yenes000pooos 6 obveme neghmu. Tloxazano, umo ¢ yseruyenuem
BHAUEHUSI CYMMAPHO20 COOCPIHCAHUSL MEEPObIX NAPAPUHOBHIX Y2ne8000p0006 u acanvmenos (I1+A) u ¢
ymenvueruem 0oau cmon (C) cmenenv cmpykmypupogaHHoCmu He@pmsaHoU cucmembl 603pacmaem. Ycmanosneno,
YUMo NPU HUZKUX MEeMNEpamypax 071 Uccie0osanHvlx nepmetl eenuvyuna nokasamens (I1+A)/C paenas 0,4 siensemces
nOpP0206O1, eblle KOMOPOU Hehmb NPOSIGISen MUKCOMPONHbLE CGOUCMEA, 00YCII08IEHHbIE CIPYKIYPUPOBAHHOCBIO
cucmemul.

KioueBnble ciioBa: HeTh, mapaduHbl, CMOJBI, ac(halbTeHbI, BA3KOCTHO-TEMIIEpaTypHbIC CBOWCTBA,
CTPYKTYPHO-MEXaHUYECKHUE CBOMCTBA, SHEPTHUS PA3PYyIICHUS CTPYKTYPBHI.

DOI: 10.32935/0023-1169-2023-636-2-16-21

T. Mansur', V. K. Miller?, L. V. Ivanova', V. N. Koshelev'
!Gubkin University,
’LLC "RN-RD CENTER"

Influence of the component composition of oils on their structural-mechanical properties



In this work, various oils were studied, for which the group chemical composition, viscosity-temperature and
structural-mechanical properties were determined. It has been established that these oils are paraffinic, resinous and
highly resinous, as well as low paraffinic, highly resinous. For these crude oils, isothermal flow curves of the forward
and reverse strokes were obtained at temperatures of 10, 0 and —10°C. The values of the internal energy of

destruction of the supramolecular structure ( W) of oils were calculated. It has been established that for all crude oils
with decreasing temperature, an increase in W is observed. This is due to the formation of a spatial crystal lattice of

paraffinic hydrocarbons in the volume of crude oil. It is shown that with an increase in the value of the total content of
solid paraffinic hydrocarbons and asphaltenes (P+A) and a decrease in the proportion of resins (S), the degree of
structuring of the crude oil system increases. It has been established that at low temperatures for the studied crude
oils, the value of the index (P+A)/ S, equal to 0,4, is the threshold value above which the crude oil exhibits thixotropic
properties due to the structuring of the system.

Key words: crude oil, paraffins, resins, asphaltenes, viscosity-temperature properties, structural-mechanical

properties, structure destruction energy.

A. 1. baoukoea, H. H. Kynawoea, A. I. Mycmagpun, A. P. Caghuna, /I. P. Kupeesa,

T. P. Baxumoe, O. b. 3¢opvicuna, H. I'. Hopazumoe

Y dbumckuit Tocy 1apcTBEHHBIN HEPTIHOM TEXHUYECKUH YHUBEPCUTET

irina-0472@yandex.ru

HccnenoBanne coctaBa u GU3NKO-XUMHYECKHMX CBOMCTB Moanuuupyeil 100aBKku

AJs1 JIMTHOCYJIb(OHATHOTO OYPOBOT0 peareHTa

Hccenedosan cocmag sxcnepumenmanvhou moouguyupyrowei 000aexu K ueHocy1bGonammomy 0yposomy peazeHmy
MEMOOOM 8bICOKOIPDEKMUBHOU HCUOKOCMHOU Xpomamoepaduu. Memodom UK-cnekmpomempuu moouduyupyroweii
000a8KU 0OHAPYIHCEHBL PYHKYUOHATbHBIE 2PYNNbL, COOMBEMCNBYIOUUE OCHOBHOMY U NPOMEICYMOYHOMY BeUjeCma).
DKCnepumMenmanbHo NoKA3ana IPHexmusHocms CUHMEIUPOBAHHO20 MOOUDUKAMOPA U TUSHOCYTbOOHAMHO2O0
peazenma pezyiuposams napamempuvl Oypo8oco 2AUHUCTIO20 PACMEOpPd.

KiroueBrble ciioBa: akpruiiaMug, TUMOHHAS KUCIOTA, CAHTE3UPOBAHHBIN MOAU(HUKATOD, TUTHOCYTH(HOHAT HATPHS,
MOIU(QHULIMNPOBAHHBIN JIUTHOCYIb()OHATHBII peareHT, MOBEPXHOCTHOE HATsDKeHHe, OypoBOil pacTBOp.

DOI: 10.32935/0023-1169-2023-636-2-22-26

A. D. Badikova, I. N. Kulyashova, A. G. Mustafin, A. R. Safina, D. R. Kireeva, T. R. Vakhitov, O. B. Zvorygina

Ufa State Petroleum Technical University

Investigation of the Composition and Physico-Chemical Properties

of a Modifying Additive for a Lignosulfonate Drilling

The composition of an experimental modifying additive to a lignosulfonate drilling reagent has been studied by
high-performance liquid chromatography. The effectiveness of the synthesized modifier and lignosulfonate reagent to
regulate the parameters of drilling mud has been experimentally shown.

Key words: acrylamide, citric acid, synthesized modifier, sodium lignosulfonate, modified lignosulfonate reagent,

surface tension, drilling mud, conditional viscosity.



V. JK. Mupszakumoe', M. E. Cemenoe™?, /1. C. Konomoea’, A. I. Cemenos?, A. C. Cmonopes™?

'Kazanckuii QpenepanbHblii yHUBEPCUTET,

*MucturyT npobnem Hedru u raza CO PAH, Skytck,

SMypMaHCKHii TOCYIapCTBEHHBIN TEXHUYECKHI YHUBEPCHUTET,

“PI'V nedru u raza (HUY) umenu U. M. I'y6kuna

stopor89@bk.ru

Biinsinne keJaTHHA TPECKH M AJIbTHHATA HATPUS HA HYKJIEAIHIO Fa30BbIX THAPATOB

B oannoii pabome uzyueno enusinue cmeceti polOHO20 HCEAAMUHA U3 KOAHCU AMAAHMUYECKOU mMpeCcKUu (npomeun) u
anvbeuHama Hampust u3 OYPwIX 6000POCiell (NOIUCAXAPUO) HA HYKIEAYUIO MEMAH-NPONAH0B8020 2UOpama Kyouueckou
cmpykmypwt 1. /{13 onpedenenus nepeoxnaxicoenuss, mpedyemoco 01 00pazo8anus 2uopamos Kax u3z pacmeopos
UHOUBUOYANBHBIX NOIUMEPOS, MAK U UX cMeCell, UCNOTIb308ANCA MEMOO KAYAIOWUXCA AYeeK NPU OXAAHCOeHUU

¢ nocmoanHouU ckopocmoio. Ilokasano, umo anbeunam Hampus NPAKMu4ecKy He eiusem Ha oOpa308aHue ea3o8vix
2uopamos 8 Omaudue Om HCelamuta, UH2UOUPYIOWAsE AKMUBHOCb KONOPO20 NPUHAILA NPOMENCYMOYHOE 3HAYEHUE
MeAHCOY NOTUBUHUTNUPPOTUOOHOM U NOTUBUHULKANPOLAKIMAMOM (KoMMepyecKue KUHemuyecKue UHeUoUumopul
obpaszosanus euopamos). B ciyuae cmeceil noaumepos Hadbio0aioCh HesHaYumenbHoe CHudiceHue 3gpexmusnocmu
npu QUKCUPOBAHHOM COOEPHCAHUU HCENAMUHA NO Mepe YMEHbUEHUS KOHYEHMPAYUU AbeUHAMA HAMPUS.
Tonyuennvie pe3yriomamol c8UOEMETbCMBYIOM O HATUYUY AHMALOHUIMA KUHEMUYECKO20 UHSUOUPOBAHUS MEMAH-
NPONAHOB020 SUOPAMA CMECAMU NOAUINEKMPOAUNOE OUOL0ULECKO20 Npoucxodicoenus. bezycnoero,
MENCMOTIEKVAAPHBLE 83AUMOOCUCIEUS 8 KOMIIEKCAX NOAUCAXAPUO-IICEIAMUH 8 PACMBOPE OKA3IBAIOM BIUAHUE HA
CHOCOOHOCMb NOUMEPOB 3aMedNIAmMb npoyecc Hykieayuu. boiee demanbHoe uccie008anue KUHEMUKY )oOpMupo8anus
2UOPama 6 3a6UCUMOCTY O COOMHOULEHUSI NOTUMEPOS 8 PACBOPE NO3BO0NUM GbISIGUMb MEXAHUIM UX GIUAHUS

U NPEONoACUMD CMecesble peazeHmbl 01 KOHMPOs npoyecca cuopamoodpazosaHusl.

KiroueBrble ¢10Ba: ra30BbIC THPATHI, HYKJICAIUsl, KHHETUYECKHE HHIMOUTOPBI THAPATOO0pa30BaHMsI, METaH-
MPOTIAaHOBAS CMECH.

DOI: 10.32935/0023-1169-2023-636-2-27-31

U. Zh. Mirzakimov', M. E. Semenov'?, D. S. Kolotova®, A. P. Semenov’, A. S. Stoporev’*

'Kazan Federal University,

Hnstitute of Oil and Gas Problems SB RAS, Yakutsk,

3Murmansk State Technical University,

4Gubkin University

Effect of Cod Gelatin and Sodium Alginate on Gas Hydrates Nucleation

This work studied the effect of mixtures of fish gelatin (protein) from Atlantic cod skin and sodium alginate
(polysaccharide) from brown algae on the nucleation of sll methane-propane hydrate. The rocking cell method with
ramp cooling was employed to determine the supercooling required for the hydrates formation from solutions of
individual polymers and their mixtures. Unlike sodium alginate, which has practically no effect on the formation of
gas hydrates, the gelatin inhibitory activity was intermediate between polyvinylpyrrolidone and polyvinyl caprolactam
(commercial kinetic hydrate inhibitors). In the case of polymer blends, a slight decrease in the efficacy of gelatin at

fixed content was observed as the sodium alginate concentration decreased. The results indicate the antagonism of the



kinetic inhibition of methane-propane hydrate by mixtures of biological polyelectrolytes. Undoubtedly, intermolecular
interactions in polysaccharide-gelatin complexes in solution affect the ability of polymers to retard the nucleation
process. A more detailed study of the kinetics of hydrate formation depending on the ratio of polymers in solution will
make it possible to reveal the mechanism of their influence and to propose mixed reagents to control the hydrate
formation.

Key words: gas hydrates, nucleation, kinetic hydrate inhibitors, methane-propane mixture.

A. M. I'onemanues’, A. E. Bamoé', JI. A. 3exensv’, A. Y. /lanoaes’,

M. A. Bucanues', H. A. Kyopun', X. M. Kaoues', ®. I'. Kazgpapoe’

"Mucruryr vedrexumuueckoro cunresa um. A. B. Tormuuea PAH,

’PT'Y nedru v raza (HUY) umenu U. M. ['yOkuna,

gyulmaliev@ips.ac.ru

Ouenka napamMerpa pactsopuMocT I'miibaedpanga cMecu pactBoputesied HeTAHOTO MPOUCXOKACHUSA

M0 UX CTPYKTYPHBIM 3JIeMeHTaM

Paccmompenvt memoouueckue acnekmsi oyenku napamempa pacmeopumocmu I uno0ebpanoa cmecu opeanuieckux
pacmeopumeineti ¢ UCNOIb308AHUEM XAPAKMEPUCMUK UX CMPYKIYPHBIX 21emenmos. [Ipednodcena memoouxa
pacyema napamempa pacmeopumocmu 08 cmecell pacmeopumerell, OMmIUYaruuxcs no cocmasy u Cmpykmype 6
3a6UCUMOCTIU O COOMHOULEHUS KOMNOHEHMOo8. Pe3yniomamul pacuemos no3eonsiom npoeHo3upo8ans ONmumMaibHbll
cocmag cmecell pacmeopumeineil 0Jis NOAUMEPOE C U3BECMHBIM NApamempom pacmeopumocmu I unvoedpanoa.
IIpeonooicennas memoouxka no3eoisiem OyeHUmsb Napamemp pacmeopUMOCIU CIONCHbIX cMecell Yene6000p0008
HepmMAHO020 NPOUCXOAHCOEHUSA, HANPUMED, 8AKYYMHO20 OCMAMKA OUCMUTIAYUY Heghmu — 2yOPOHA — NpU e20
ucnonb3oeanuu 6 Kauvecmee pacmeopumens noiumepos. o pesynoemamam anamuza AIMP 'H onpedenenv
CMpYKmMypHble 21eMeHmbl 2YOPOHA U pACCUUman e2o napamemp pacmeopumocmu I unvoebparnoa.

KioueBble cj10Ba: mapaMeTp pacCTBOPUMOCTH, ITOJIMMEPHI, CMECh PACTBOPHTEIIEH,

HaOyxaHHe TIONMMEPOB, TapaMeTp PaCTBOPHUMOCTH T'yJPOHA.
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A. M. Gyul’maliev', A. E. Batov', L. A. Zekel', A. U. Dandaev', M. Ya. Visaliev,! N. A. Kubrin’,

Kh. M. Kadiev', F. G. Zhagfarov’

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

2Gubkin University

Estimation of the Hildebrand Solubility Parameter of a Mixture Solvents

of Petroleum Origin from Their Structural Elements

The work is devoted to the methodological aspects of estimating the Hildebrand solubility parameter of a mixture of
organic solvents using the characteristics of their structural elements. A method is proposed for calculating the
solubility parameter for mixtures of solvents that differ in composition and structure depending on the ratio of
components. The results of calculations make it possible to predict the optimal composition of solvent mixtures for
polymers with a known Hildebrand solubility parameter. The proposed method makes it possible to estimate the

solubility parameter of complex mixtures of hydrocarbons of petroleum origin, for example, the vacuum residue of oil



distillation - goudron, when it is used as a polymer solvent. Based on the results of 'H NMR analysis,
the structural elements of goudron were determined and its Hildebrand solubility parameter was calculatedn.

Key words: solubility parameter, polymers, solvent mixture, polymer swelling, goudron solubility parameter.

M. H. Ilagnviuesa, E. B. /Kmaesa

000 «PH-LTIP»

PavlychevaMN@rdc.rosneft.ru

Ilpumenenue 2a30601 XpomMamo-macc-cneKmpomempuu 011 OnpeoeieHus

COOEPIHCAHUA XTIOPOP2AHUYECKUX COCOUHEHUI 8 XUMUYECKUX PeazeHmax

Tloxasamnvl 803MOACHOCMU 2A308011 XPOMAMO MACC-CREKMPOMEMPUU 0I5l ONPeOeleHUsi COOePHCaAHUs
XNIOPOp2aHUYecKux coeounenull 8 Xumuueckux peazenmax. Ha ocnoee ananuza mooenbHoll cmecu X10popeanuiecKux
coeounenul OblIU BLIOPANBL ONMUMATbHBLE YCI08US PAOOMbI XPOMAMO MACC-CHEKMPOMEMPA U ONMUMATbHbLU
pacmeopumenb 05 NPOBEOCHUS IKCMPAKYUU — U300KMAaH. 15 KaricO020 UHOUBUOYATbHO20 COEOUHEHUs ObLIU
nOCMpOeHbl 2Padyupo8oyHble KPUBbLe 8 PerHCUM MOHUMOPUHeA 3a0antblx uonos (SIM). B sasucumocmu om gusuko-
XUMUYECKUX XAPAKMEPUCMUK XUMUYECKO20 Peazenma npeodiodcetbl pasiuiHble NOOX00bl K UX npoOONno02omosKe,
OCHOBAHMbIE HA PA30AGNEHUY U/UNYU IKCMPAKYUY. [l aHATU3A XUMUYECKUX PeaceHmax, UMeloujux CUIbHbll
1271e8000pOOHDbIL (DOH 8 pedicume CKAHUPOBAHUS NO NOJIHOMY UOHHOMY MOKY, UOSHMUMUKAYUS XIOPOP2AHULECKUX
coeOuHeHUll U nociedyujee KOIU4eCmeeHHoe onpedeierue nPposoouu no macc-gppazmenmozpamman. /s oyenxku
PabomocnocobHOCmU MemMOOUKU NPOBOOUNACH OYEHKA NOJHOMbL SIKCMPAaKyuu nymem 000aeieHus Kk paboyei npobe
«Mapkepay u oyeHKu pe3yibmamos no 3HA4eHUI0 CmeneHu U361eyeHus.

KioueBble cJ10Ba: XUMUUYECKHE PEATeHTHI, XJIOPOPTaHHYECKHE COSIMHEHNUS, SKCTPAKIIUS,

MOHHUTOPHHT 33/IaHHBIX HOHOB (SIM), Tra30Bast XpoMaTo-Macc-CeKTPOMETPHSL.
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Application of Gas Chromatography-Mass Spectrometry

to Determine the Organochlorine Compounds Content in Chemical Reagents

The possibilities of gas chromatography mass spectrometry for determining of organochlorine compounds content in
chemical reagents are shown . The optimal operating conditions of the chromato mass spectrometer and the optimal
solvent for extraction — isooctane were selected using the example of organochlorine compounds ( model mixture
analysis. Calibration curves were constructed for each individual organochlorine compound at selected ion
monitoring (SIM) mode. Different approaches to sample preparation based on dilution and/or extraction are
proposed depending on the physico-chemical characteristics of chemical reagents. For the analysis of chemical
reagents having a strong hydrocarbon background in the full ion current scanning mode, the identification of
organochlorine compounds and subsequent quantitative determination were carried out by using mass
fragmentograms. To estimate the efficiency of the technique, the completeness of extraction was assessed by adding a

so-called "marker" to the working sample and evaluating the results by the value of the extraction degree.



Key words: chemical reagents, organochlorine compounds, extraction, selected ion monitoring (SIM),

gas chromatography-mass spectrometry.
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Tuopogpopmunuposanue nuzuwiux onepuHo6 u npumMeHenue nPoOyKnoe OKCoOCUHmesa

Ha ocnoge anvoezudos C—Cs 6 npouzeoocmee C10HCHOIPUPHBIX CMAZOUHBIX MaACEL.

Yacmyp 1. Kamanuzamopsl u npomvluijieHHble RPOUECChl

Ilpedcmasnen 0630p HAYUHBIX U NATHEHMHBIX OAHHBIX, OMHOCAUWUXCS K SUOPODOPMUTUPOBAHUIO HUSUIUX 0NePUHO8
C>—C4 6 npoyeccax OKcoCuHmesa KUCI0poocooepicamux npooykmos. Paccmompenvt npomviunennuvie u
nepcnekmusHble Kamaiumuieckue CUCmemMbvl Ha 0CHO8e MeMALI00P2AHUYECKUX COeOUHeHUT KoOanbma u poous,
Mooughuyuposannvix ghocunosvimu u pochummuvimu IUeAHOAMU, A MAKICE PEATU308AHHbIE 8 NPOMBIULIEHHOCIU
MexHoL02U4ecKUe CXxembl C Yuacmuem maKux Kamaiumudyeckux cCUcmenm.

KaroueBrble ciioBa: ruapohopMUITpoBanue, okcocunres, ojehunbl Co—Cs, KOOATBTOBBIC U POAUCBBIC KATATH3ATOPBL.
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Hydroformylation of Low Molecular Olefins and Preparation of Oxosynthesis Products Based

on C4+—Cs Aldehydes in the Production of Ester Lubricating Qils.

Part 1. Catalysts and Industrial Processes

The data review of low molecular olefin Co—C4 hydroformylation as a key step of oxygenate compound oxosynthesis is
presented. The industrial and perspective cobalt and rhodium organometallic catalytic systems modified with
phosphine and phosphite ligands as well as the industrial technological schema of hydroformylation assisted with
such a catalysts are demonstrated.

Key words: hydroformylation, oxosynthesis, olefins C>—Cy, cobalt and rhodium catalysts.
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Epoxy Resin Water-Based Modification Method

Water-based epoxy resin emulsion was prepared by self-emulsification method, and the surface of the resin was
modified by SiO:. On this basis, a set of modification methods for epoxy resin waterification was formed. The epoxy
resin cement slurry system was constructed, and the mechanism of water-based epoxy resin improving the mechanical
and cementation properties of cement stone was revealed, that is, solidified film formation can improve the pore

structure of hardened cement slurry, increase the impermeability of hardened cement slurry to a certain extent, and



effectively prevent the entry of external corrosive ions. The low temperature strength of resin cement slurry system
develops fast — gas «penetrationy, strong channeling ability — gas «channeling», good toughness — sealing gas «can
not go», good cementing quality — no pressure problems. This study lays a foundation for solving the problems of
fracture propagation and corrosion faced by traditional cement cement and well integrity of deep gas wells and
unconventional wells.

Keywords: epoxy resin, cement, solidifiable, self-emulsification.
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Study on Collapse Pressure Prediction of Fractured Strata

The Xujiahe Formation in western Sichuan has complex geological characteristics, fractures and fractures, and is
prone to collapse in drilling. In this paper, the in-situ stress field around the wellbore, pore pressure, internal
pressure in the wellbore and additional stress field generated by fluid flow are taken into account, and combined with
the mechanical strength of rock in the target block, the in-situ stress parameters are calculated, the collapse pressure
model of fractured formation is established, and the formation pressure profile of the well area is obtained, so as to
predict the safe drilling fluid density window. The results show that the accuracy of the in-situ stress model is high,
and the maximum errvor is 1.3%, which meets the engineering requirements. In the target block, the collapse pressure
of Section 5 of Xinsheng 101 well and Section 5 — Section 3 of Xin601 well is high, reaching 1.8 g/cm’®, and the safe
drilling fluid density is narrow. Therefore, the drilling fluid density should be carefully designed to ensure the stability
of borehole wall and prevent the occurrence of borehole wall collapse caused by too low drilling fluid density.

Keywords: fractured stratum, complex fracture, well wall collapse, collapse pressure prediction.
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Study of Risk Matrix for Overflow-Backpressure-Based

Deepwater Managed Pressure Drilling

Overflow accidents are frequent in deepwater managed-pressure drilling, and the monitoring basis and control
methods of risks are vague, necessitating the establishment of a suitable risk matrix. Based on the traditional risk
matrix analysis method, this paper establishes a overflow-backpressure risk matrix with overflow size and
backpressure threshold as judgment criteria, and formulates 11-level backpressure application plans and

backpressure application calculation models. The results show that the overflow-backpressure risk matrix with



overflow size and backpressure threshold as judgment criteria meets the requirements of deepwater
managed-pressure drilling design and can significantly determine the risk level of overflow occurrence. The
formulated backpressure application calculation model refines the backpressure control situation of
managed-pressure drilling and can apply different backpressure according to different risk levels. After applying risk
control measures, the maximum allowable drilling speed and backpressure in different working conditions of the
3950-4130 m wellbore section were designed on-site at well Al, and the risk level was reduced to 0. This
overflow-backpressure risk matrix can classify and control the risk of overflow in deepwater managed-pressure
drilling.

Keywords: deepwater managed pressure drilling, wellbore overflow, backpressure, risk matrix.

Hengxin Lei, Shuang Wu *

Yantai Nanshan University, Longkou, China

leihengxin@126.com

Interpretable Fuzzy Granular Reasoning Framework

for Industrial Dynamic Complex Event Recognition

Industrial dynamic complex event recognition (CER) can provide decision makers with reference for fault diagnosis
and process optimization. It is one of the key steps to ensure the successful completion of each step of industrial
production. How to make interpretable reasoning and recognition under incomplete data is a very challenging
problem. Our hypothesis is to use our FGR-CER framework to identify complex events in the case of data missing. To
address the challenges, we propose a new interpretable fuzzy granular reasoning framework for industrial dynamic
complex event recognition framework (FGR-CER). In this framework, event calculus and induction logic are
introduced to retain the semantic information of the sensor and make the complex events recognition interpretable.
FGR-CER uses the idea of fuzzy set to deal with incomplete data. At the same time, in order to reduce the time
complexity of the framework, FGR-CER use the idea of granular computing to optimize the reasoning process, making
the reasoning process from coarse-grained to fine-grained according to human thinking. Finally, the proposed
FGR-CER is evaluated on the synthetic data set and the real data set, which proved that FGR-CER is better than
other algorithms in precision, recall and NDCG for interpretable industrial dynamic event recognition with
incomplete data.

Keywords: event calculus, fuzzy set, granular computing, inductive logic.
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The Deep Shale Gas Drilling Optimization Method

Based on Real-Time Drilling Parameters

The deep shale gas drilling has high risk, such as the poor drillability and significant changes in formation lithology.

1t is necessary to optimize drilling parameters. This research established the geological, mechanical model and rock



mechanical models. It can monitor drilling friction, torque, mechanical specific energy, and ECD by real-time
tracking optimization software. The results show that the field drilling fluid density can be optimized based on the
formation three-pressure profile. This method was successfully applied in the drilling process of deep shale gas wells
in the West Chonggqing block, and it avoided complex situations such as well control and well collapse. The real-time
tracking software EPDOS DMI analyzes the influence of drilling parameters on the mechanical penetration rate and
specific energy, such as weight on bit, rotating speed, and working pressure difference. The mechanical penetration
rate and mechanical specific energy can timely and accurately judge the bit wear. This research can provide technical
support for the safe and efficient drilling of deep shale gas.

Keywords: drilling optimization; deep shale gas, real-time tracking; mechanical specific energy; bit wear, casing

running simulation.
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Numerical Simulation of Qil Displacement in Complex Fault Block Reservoir

In China, complex fault blocks occupied an important position in the development of oilfields. Compared with
monolithic sandstone reservoirs, complex fault blocks have the characteristics of complex and diverse structures and
relatively developed low-level fault blocks. Such special oil reservoirs often have an impact on the development of the
injection-production well pattern. Therefore, it is necessary to study its influence and optimize related deployment.
According to the parameters of the selected example blocks, an ideal reservoir model is established and four well
pattern distribution forms are designed. According to the simulation results, we will choose the best oil displacement
pattern. Under the same physical and well pattern distribution conditions, the injected water or CO:z was simulated
and the simulation results were compared. Finally, the influence of the fault length on the oil displacement effect on
the two-dimensional plane of the entire reservoir was studied. The results show that under the condition of high
injection-production pressure difference, well pattern 1 has the best water drive development effect. Comparing the
oil saturation distribution cloud map of water flooding and gas flooding and the oil production rate curve of
producing wells, CO: is significantly better than water flooding in terms of o0il displacement speed and production.
After changing the length of the fault, it was found that due to the influence of the openness of the fault, as the length
of the fault increases, the overall oil saturation distribution of the reservoir is greatly different. The initial oil
production increases rapidly, but cumulative oil production changes. It is not obvious. Research reveals that the
transfer of fault length affects the formation pressure and then changes the injection-production pressure difference
and ultimately affects the initial oil production.

Keywords: TOUGH?2, complicated fault block reservoir, well-patterns, injection-production pressure difference.



Liang Wang'?*, Jian Yang'?, Junliang Peng'?, Xianwu Jing’, Huifen Han'?, Xi Zhang'?

' Engineering Technology Research Institute of Southwest Oil &Gas field Company, PetroChina, Chengdu,
China;

2Shale Gas Evaluation and Exploitation Key Laboratory, Chengdu, China;

3Gas Research Institute of Southwest Oil &Gas field Company, PetroChina, Chengdu, China
wangliang2015@petrochina.com.cn

Nuclear Magnetic-Seepage Joint Measurement Experimental Technology

and Field Application of Shale Oil Reservoir

Shale oil reservoirs in Daanzhai section of central Sichuan are mainly developed in Daer sub-section, with rich
resource base and great exploration and development potential. A series of reservoir engineering geological
characteristics experiments have been carried out in order to form reservoir reconstruction countermeasures and
technology suitable for Daanzhai shale oil. The results show that the average porosity of Daanzhai shale oil reservoir
in central Sichuan is 5.9%, with pores mainly concentrated in the range of 1-100 nm, and slightly larger pores mainly
concentrated in the range of 250-1000 nm, with micro-scale pores developed; The reservoir is mainly composed of
shale and limestone interbedding. The fracture pressure of limestone is 9-10 MPa higher than that of adjacent depth
shale, which is not conducive to the longitudinal expansion of the fracture. The test of temporary plugging and
diversion fracturing technology has significantly increased the complexity of the fracture; Shale crude oil has the
characteristics of high viscosity, low wax content and low gum content. It has good fluidity in shale supporting
fractures, natural fractures and dislocation fractures, and hardly flows in the matrix, and is mainly used for oil
displacement by osmosis; The innovatively established nuclear magnetic resonance (NMR) — permeability test
technology can quantitatively characterize the flow ability of shale oil in porous media and the permeability and oil
displacement ability. In the Daanzhai shale oil reservoir, the optimized soak time is not less than 6 days, and the
pressure control and fluid drainage has achieved a more stable stage of fluid discharge. The test oil production has
increased from “oil flower” to nearly 2 tons/day, making a major breakthrough in “oil production”.

Keywords: Sichuan Basin, Daanzhai section, shale oil, engineering geological characteristics, imbibition
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Optimizing Pendulum Bottom-Hole Assembly Based

on New Straightening Capability Evaluation Index

Borehole deviation is an important issue of vertical drilling, and the pendulum bottom-hole assembly (BHA) with one
stabilizer is often applied to straighten it. The traditional design and application method mainly takes the bit side
force (pendulum force) as the evaluation index of straightening capability. The positive influence of bit side force is

often over-emphasized while the negative influences of the other factors are often neglected. To improve the design



and application method of pendulum BHA, the equilibrium tendency method to predict the build-up rate (BUR) of a
steerable BHA is introduced to directly predict the inclination change rate of pendulum BHA for the first time, and
then taking it as new evaluation index of straightening capability to optimize the pendulum BHA. The main influencing
factors and laws of straightening capability of pendulum BHAs in three boreholes are analyzed and compared, and
new understandings have been obtained for the first time. The research results have shown that predicting the
inclination change rate by the equilibrium tendency method and taking it as the evaluation index of straightening
capability can improve the design and application of pendulum BHA. The straightening capability of pendulum BHA
significantly changes with stabilizer position, weight-on-bit (WOB), bit anisotropy index and borehole diameter.
Compared to the pendulum BHA (optimal stabilizer position is about 20 m, recommended specific WOB is below
0.35 kN/mm) in 215.9 mm borehole, pendulum BHA in larger boreholes can properly increase the stabilizer position
and specific WOB, but pendulum BHA in smaller boreholes must properly decrease the stabilizer position and specific
WOB. It is suggested not to apply the pendulum BHA in small borehole, because the allowable WOB for deviation
control is often too small to meet fast drilling requirement.

Keywords: pendulum bottom-hole assembly, straightening capability, bit side force, bit tilt angle, inclination change

rate, stabilizer position, weight-on-bit.
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A Modified Model of Cement Sheath Stress Distribution

with a Fixed Far-Field Displacement Boundary Condition

The existing stress distribution model of casing-cement-formation mostly does not fix the far-field displacement
boundary in model building, and the disturbance of formation displacement at infinity caused by the well construction
process can not be eliminated, which is not completely in line with reality. Taking the strata stress as the stress
boundary and initial stress field condition, and fixing the far-field displacement boundary of the formation, a modified
model of casing-cement-formation combination for directional well is derived with the undetermined coefficients
method. On the basis, the sensitivity analysis of the mechanical failure law of the wellbore integrity was carried out,
and the calculation results showed that, as the elastic modulus of the formation and sheath decreases, the radial and
circumferential compressive stresses on the casing and the cement sheath increase. The Poisson’s ratio of the cement
sheath has little effect on the stress state of the casing and the cement sheath. The radial and circumferential
compressive stresses on the casing and the cement sheath increase as the Poisson’s ratio of the cement sheath
increases. When the pressure inside the casing is high, as the elastic modulus of the cement sheath increases, the
tendency of the tensile circumferential stress at the cement sheath increases, and the compressive stress on the casing
decreases. The traditional model overestimates the stress distribution of combination and the shear failure risk of the
cement, but underestimates the tensile failure risk of the cement.For a vertical well on site in Bohai Bay, the
mechanical property of the cement sheath at the 9-5/8” casing were evaluated, and the on-site cement slurry is
reasonably used to meet the mechanical requirements of wellbore integrity. This paper can provide a theoretical basis

for reasonably choosing cementing slurry formula.
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cement sheath mechanical integrity.
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Study on Wettability and Static Imbibition Law of Tight Reservoir

Based on Nuclear Magnetic Resonance Test

The research on tight oil is one of the hot spots nowadays. China has rich tight oil resources, with a wide distribution
range and great development potential. For tight reservoirs, this paper proposes a method to test the rock wettability
of tight reservoirs using the nuclear magnetic resonance (NMR) technology. Based on the idea of combining the NMR
technology with indoor physical simulation, and on the basis of T2 relaxation time, the mixed wettability index is
calculated through the limit of T2 relaxation time of 1 ms to evaluate the wettability of tight reservoirs. The design
contrast experiment has studied the influence of wettability on the imbibition law, and concluded that the imbibition
rate of hydrophilic rock samples is higher than that of lipophilic rock samples, but the ultimate recovery rate of
lipophilic rock samples is higher than that of hydrophilic rock samples, which provides a basis for the development of
tight reservoirs.

Keywords: tight reservoir, nuclear magnetic resonance, wettability, static imbibition, imbibition law.
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Prediction Plugging Material Formulation on Using Neural Networks

Lost circulation occurs frequently during drilling, increasing drilling costs in minor cases and leading to the
scrapping of wells in major cases, and plugging leakage has been the focus of related research. An efficient leakage
plugging material formulation is an essential tool to cope with this problem. In this paper, a technical solution is
proposed to predict a plugging material formulation based on experimental data combined with neural network
technology. First, experiments were conducted using rigid mineral particles (classified into four levels) and plugging
agent composite plant fibers (classified into four levels) for drilling to obtain sufficient plugging material formulation
data and perform the necessary data preprocessing. Then, the basic back propagation neural network prediction
model was established, which showed a qualified prediction ability with a prediction error rate of 16.89%, but it was
still far from the expected effect. On this basis, the base model was optimized using a genetic algorithm and a
biogeography-based optimization algorithm; the prediction error rates were 9.05% and 5.91%, respectively, and the

performance of the prediction model was significantly improved. In addition, when the prediction results were



unsatisfactory, the prediction results could be improved by 19.8-26.9% using network integration as an auxiliary
means. Finally, three important challenges in predicting plugging material formulations using experimental data are
summarized. Overall, this study shows that neural networks are a practical solution for predicting drilling plugging
material formulations and have great research value and potential in dealing with plugging problems and that rapid
access to effective drilling plugging measures can help people deal with lost circulation events quickly and reduce
losses.

Keywords: formulation prediction, BP neural network, genetic algorithm, BBO algorithm, network integration.
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Research to Identify Factors Influencing the Country’s Energy Security

Based on Text Data Mining Technology

Energy security is a global and strategic national economic and social development issue. It is one of the most urgent
challenges in global development. This study takes China as an example to identify the influencing factors of energy
security comprehensively. Using natural language processing, social network analysis, and machine learning methods
to mine the authoritative media network news text to identify the influencing factors of energy security and their
relationships more objectively, comprehensively, and accurately. Seven major energy security themes are proposed.
This study provided a reference for risk management and establishing an energy security prediction and early
warning mechanism.

Keywords: energy security, text mining, influence factors, identification.
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Optimization of Main Functional Groups of High Efficiency Hydration Inhibitors in Shale

Based on Quantum Mechanical Simulation



The hydration of clay minerals in shale is one of the main causes of borewall instability. Efficient shale hydration
inhibitors require strong interactions between the inhibitor and the mineral surface, such as van der Waals forces,
static electricity, hydrogen bonds, and even the formation of chemical bonds, which can significantly reduce the
crystal layer spacing of clay minerals. The selection of main functional group of inhibitor plays a decisive role in the
performance of inhibitor. The density functional theory method based on quantum mechanics can simulate and
calculate the interaction between inhibitor and montmorillonite (001) plane, and study its electronic structure and
properties at the atomic level. The adsorption of C:Hs—NH>, C2Hs—OH, C:Hs—OCH3, C2Hs—CHO and C:Hs—COCH;
on Montmorillonite (001) was calculated by density functional simulation. The adsorption of inhibitor functional
groups on montmorillonite (001) layer was studied comprehensively from the aspects of adsorption configuration,
adsorption energy, charge population, frontier orbit and differential electron density distribution. According to this
study, the primary amine group is suitable as the main functional group of hydration inhibitor. Meanwhile, this paper
provides theoretical support for the development of efficient surface hydration inhibitors.

Keywords: shale, molecular simulation, quantum mechanics, interfacial interaction, inhibitor.
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Two-Stage MCMC with Surrogate Models for Efficient

Uncertainty Quantification in Multiphase Flow

We present a novel two-stage Markov Chain Monte Carlo (MCMC) method that improves the efficiency of MCMC
sampling while maintaining its sampling rigor. Our method employs response surfaces as surrogate models in the first
stage to direct the sampling and identify promising reservoir models, replacing computationally expensive multiphase
flow simulations. In the second stage, flow simulations are conducted only on proposals that pass the first stage to
calculate acceptance probability, and the surrogate model is updated regularly upon adding new flow simulations.
This strategy significantly increases the acceptance rate and reduces computational costs compared to conventional
MCMC sampling, without sacrificing accuracy. To demonstrate the efficacy and efficiency of our approach, we apply
it to a field example involving three-phase flow and the integration of historical reservoir production data, generating
multiple reservoir models and assessing uncertainty in production forecasts.

Keywords: Markov Chain Monte Carlo, uncertainty quantification, reservoir modeling, Kriging, Bayesian partition
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Characteristics and Quantitative Distribution

of Zeolite in Glutenite Reservoirs

The Lower Wuerhe Formation in Mahu 1 well area of Junggar Basin is rich in oil and gas resources, which are rich
in zeolite cements. In this paper, based on core observation and scanning electron microscope data, we clarified that
there are four types of zeolite minerals, mainly turbidite, followed by zeolite, and occasionally zeolite and
clinoptilolite. Based on the data of X-ray diffraction, physical properties and thin sections, there are two genetic
modes of zeolite minerals in this area: cementation and volcanic erosion. For the first time, the prediction model of
zeolite content was established by the method of multiple regression, and the plane distribution map of the content of
turbidized zeolite in the target strata in the study area was established. The study found that zeolite mainly distributed
in the conglomerate size in fine conglomerate and small conglomerate, and the microfacies mainly distributed in the
front zone of fan delta.

Keywords: zeolite, minerals, volcanic erosion, conglomerate.
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