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®dopmupoBanue (a30BOro COCTABa MHOTOKOMIIOHEHTHOT0 KATAJIM3aTOPA OKHCJINTEIHHOT0 AMMOHOJIM3a
MponujIeHa

Memoodamu mepmocpapuu, coemeujenHoll co CKaHUpyrowel Kaiopumempuei, mepmooecopoyuu u
penmeenogazoeo2o ananusza in SitU GvLiu ucciedosansvl hazosvie npespawerus, NPOmMeKauie nPU NPOKAIKe
MHO20KOMNOHEHMHO20 KAMAIU3AMOPa OKUCTUTNENbHO20 AMMOHOIU3A NPONULEHA 8 AKPUTOHUMPUTL. YcmanoenieHa
nocnedosamenbHoCmy opmuposanus az moauboamos 08yx- u mpexsarenmuoix kamuoros: MMoO4 (M = Ni, Mg)
u M2(MoOa)s (M = Fe, Ce).

KioueBble c10Ba: aKpWIOHUTPUII, OKUCIUTENbHBI aMMOHOJIH3 IIPONHIICHA, (pa30BbIi COCTAB,
MHOTOKOMITOHEHTHBIH OKCHJIHBIM KaTaJIn3aTop, MOJIHOAATHI IBYX M TPEXBAJCHTHBIX KATHOHOB.
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Development of Phase Composition of a Multicomponent Catalyst of Oxidative Ammonolysis of Propylene
Thermography methods combined with scanning calorimetry, thermal desorption, and X-ray phase analysis in situ
have been used to study phase transformations occurring during the calcination of a multicomponent catalyst of
oxidative ammonolysis of propylene into acrylonitrile. The sequence of formation of molybdates phases of two- and
three - valence cations has been established:

MMoO4 (M = Ni, Mg) and M2(M0Qa4)3 (M = Fe, Ce).

Key words: acrylonitrile, propylene ammoxidation, phase composition, multicomponent oxide catalyst,

molybdates of 2- and 3-valent cations.
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Hccneoosanue KOMROZUUUOHHBIX MAMEPUAT08 HA OCHOBE YMOPONIACHA 0151 U32OMOGAEHUA HOPUIHEEBIX KoJley
KoMnpeccopos

Boibop onmumanbinoeo KOMROZUYUOHHO20 ROTUMEPHO20 MAMEPUANA OJIs1 U320MOBNEHUSI NOPUIHEBLIX KoJley
Onpeodensiemcsi npedHcoe ce20 YCao8uaMU pabomvl OaGHHbIX Oemaiell Ha NPOMANCEHUU OIUMETbHO20 8PEMeHU
axcnayamayuu (8 000 ), ochosrbviMu U3 Komopulx segiomces: memnepamypa (115 °C), cpeda skcnnyamayuu (azom,
68000p00) u pabouee oasnenue. Baxchvimu kpumepusimu 6blO0pa Mamepuand 0as NOPUHEBbIX KONeY SGIAIOMC:
mpubonozuieckue cgolicmaa (Kodghduyuenm mpenus u UHOCOCMOUKOCb), MEXAHUYECKUe XAPAKMEPUCTUKU U
memnepamypuvie (CmpyKmypHo-ghazoeas cmadbuIibHOCMb NPU Hazpese 6 UHMepadaie meMnepamypbl IKCHIyamayuu)
napamempul. OOHAKO, Npu 6b1O0Pe MaAMepUaALa Kpome SKCNIYAMAYUOHHBIX NAPAMEMPOE HEMANOBANCHBIMU
KpUumepusimu s6sii0mes IKOHOMU4ecKue U mexHoL02UYeckKue Xapakmepucmuku (Kayecmeo mamepuand,
CMadUuILHOCMb MEXHONIOZUYECKO20 NPOYecca NPou3800CmaEd, CIOUMOCHb KOMNOZUYUOHHO20 NOTUMEPHOO0
Mamepuana).

KiroueBbie ¢J10Ba: KOMIIO3HUIIMOHHBIC MTOJMMEPHBIE MATEPHAITBI, PTOPOIIIACTOBAST MATPHIIA, HATIOTHUTEb,
YIIIEpOAHOE BOJIOKHO, OpOH3a, TUCYIbhua MoindaeHa, rpadur, ko3 puureHT TpeHns, u3HocC,

MHKPOTBEPIOCTb, IIEPOXOBATOCTh, MEXAHUUECKUE CBOWCTBA.

DOI: 10.32935/0023-1169-2025-651-5-9-15
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®Institute of Mechanical Engineering Problems - branch of the FSBSI FRC Institute of Applied Physics n. a. A.V.
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Research of Composite Materials Based on Fluoroplast for the Manufacture of Piston Rings of Compressors
The choice of the optimal composite polymer material for the manufacture of piston rings is determined primarily by
the operating conditions of these parts over a long period of operation (8 000 hours), the main of which are:
temperature (115°C), operating environment (nitrogen, hydrogen) and operating pressures. Important criteria for
choosing a material for piston rings are: tribological properties (coefficient of friction and wear resistance),
mechanical characteristics and temperature (structural and phase stability when heated in the range of operating
temperature) parameters. However, when choosing a material, in addition to operational parameters, important
criteria are economic and technological characteristics (material quality, stability of the manufacturing process, cost
of composite polymer material).

Key words: composite polymer materials, fluoroplastic matrix, filler, carbon fiber, bronze, molybdenum disulfide,

graphite, coefficient of friction, wear, microhardness, roughness, mechanical properties.
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3aMKHYTBIH LUK/ NOBbILIEHUS HAJAexKHOCTH: CHHeprusi CMCTeM NPeJUKTUBHOH AHAJIUMTHKH

¥ BUOPOAMATHOCTHKY B HedTenepepadaThIBaIOIeil 0TpacIn



B cmamve paccmampusaemces konyenyus «3aMKHYMO20 YUKIA NOBLIULEHUS HAOEICHOCTHILY MEXHOI02UYECKO20
060pydosanus Hepmenepepabamvl8aOWUX U HehmexumMuieckux npeOnpusmull Ha OCHO8e UHMe2Payuu CUCmem
BUOPOOUACHOCMUKU U NPEOUKMUBHOU aHATumuKy. Onucvleaemcs aneopumm CHUNMCeHUs. BHeNIAHOBbIX NPOCMOEE U
oNMUMU3AYUU 3aMpam Ha peMOHm OUHAMUYECKUX azpezamos. [Ipakmuueckas 3HAUUMOCIb NOOMBEPIHCOAemcs
CHUICEHUEM 00U ABAPUTIHBIX OCIAHOBOE.

KioueBbie cj10Ba: MOBBIIICHUE HA/IC)KHOCTH, IPEUKTHBHAS aHAIUTHKA, BAOPOAHArHOCTHKA, HHTETPAIMS CUCTEM,
3aMKHYTBIH IIMKJI, MAIIMHHOE 00y4eHHE, HIUTMITUYSCKUI KOHBEPT.

DOI: 10.32935/0023-1169-2025-651-5-16-19

S. A. Kurbanov, E. A. Demidov, S. E. Goryakin, M. S. Paramonov

Lukoil — Engineering Skills and Competences (LINK)

Closed Reliability Improvement Loop: Synergy of Predictive Analytics and Vibration Diagnostics Systems in
the Oil Refining Industry

The article examines the concept of the «closed reliability improvement loop» for technological equipment at oil
refineries based on the integration of vibration diagnostics and predictive analytics systems. It describes the necessity
of reducing unplanned downtime and optimizing repair costs for dynamic units. The practical significance is
confirmed by a reduction in emergency downtime.

Key words: reliability improvement, predictive analytics, vibration diagnostics, system integration, closed loop,

machine learning, elliptic envelope.
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N3yyenne akTHBHOCTH pPereHEPUPOBAHHOIO KATAJIU3ATOPA TMIPOKPEKUHTa

BAKYYMHOI'0 r'a3oiijist

B cmamve npedcmasnensi pe3ynomamol UCC1e008aHUA BIUAHUA OKUCTUNENbHOU peceHepayull 8He peakmopda

Ha KamaniumuyecKue C80UCmMed 0e3aKmusUpO8aAHHO20 KAMAaiu3amopa u0poKpeKuHaa 8aKyymMHo20 ea3oliA.
Pezenepayus nposoodunace npu memnepamype 0o 450°C ¢ ucnonvzoeanuem 08yx munosg neyeii. KOH8euepHol

6 MOHKOM Clloe De3 nepemeutu8anus yacmuy u epawjarowetica bapabanHou. AHanu3 noKa3an NPakmu4ecku noiHoe
yoaneHue yanepood u cepvl U3 Kamaiuzamopa, a maxdice COXpaneHue y0eibHOU NO8EPXHOCHU, NPOYHOCIMU SPAHYI,
Kamanumu4eckou akmueHOCMU U CeLeKMUBHOCMU, He3d8UCUMO O MUNA UCNOb3yemo20 obopydosarus. CpagHeHue
Kamanumu4eckux XapaKmepucmuk C8enHce2o U peceHepuposanHo20 Kamaiu3amopa ebiaeui0 CHUNCeHUe aKmMUusHOCmu
pecenepuposanuvlx 0bpasyos. Ha ochosanuu nonyuenHsix OauHbIX COENaH 861800 0 YeiecoodpasHoOCmu
UCTIOIb308AHUS PE2EHEPUPOBARHO20 KAMAIUIAOPA 0151 NIAHOBOU 3aMeHblL 0e3AKMUBUPOBAHHO20, YUUMbLEAS
COXpaHeHUe e20 OCHOBHbIX IKCIILYAMAYUOHHBIX XAPAKIMEPUCTUK.

KioueBble ci10Ba: KaTanu3aTop THAPOKPEKUHTA, pereHepalus, KaTaTUTHYeCKass aKTHBHOCTb, CEJIEKTUBHOCTb.

DOI: 10.32935/0023-1169-2025-651-5-20-23
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Study of the Activity of Regenerated Catalyst for Vacuum Gas Oil Hydrocracking

This article presents the results of a study on the effect of oxidative regeneration outside the reactor on the catalytic
properties of a vacuum gas oil hydrocracking catalyst. Regeneration was carried out at a temperature no higher than
450°C using two types of furnaces: a “conveyor” furnace (thin layer without mixing catalyst particles) and a rotating
drum furnace. It was shown that almost complete removal of carbon and sulfur is achieved, and properties of the
regenerated catalysts such as specific surface area, granule strength, catalytic activity, and selectivity do not depend
on the type of regeneration equipment used. The activity of the regenerated catalysts is lower than that of the fresh
catalyst. Based on the study results, a conclusion was made that the regenerated catalyst can be used to replace the
deactivated catalyst.

Key words: hydrocracking catalyst, regeneration, catalytic activity, selectivity.

A. C. Hyscnwtit, E. H. Jleguenko, b. M. Ycmanos, A. A. Konuun
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IpumeHeHue HelipoceTeBBIX TEXHOJIOTHIA IUIsl IPOTHO3MPOBAHUS H ONTHMH3AIUH MAPKMHAJILHOCTH
NMPOU3BOACTBEHHOI0 00beKTa Ha MpUMepe YCTAHOBKH IIy0O0KO# nepepadoTku HepTH

B pabome uccaedyemcs npobrema nogvluleHUst MAPACUHATILHOCU YCIMAHOBKU 2TYO0KOU nepepabomxu Heghmu,

3a cyem 6HeOPEHUsL 8 NPOYECC YNPABIeHUs 00bEeKMOM HPOZPaAMMbL NOOOEPIHCKU NPpUuHAmMuUs peutenus. IIpunyun
pabomvl NPOSPAMMbL 3AKTOUACMCA 8 NOCMPOEHUU NPEeOUKMUBHOU MOOEU, NPedcKasvisaouel Oyoyuyo
MAPAHCUHATILHOCTb YCMAHOBKU U NOCedVIouem no0bope 3HaueHUll YRPABGIIOWUX 8030elUCEull, NPUBOOIUUX K
HauboIbWEMY 3HAUEHUIO NPOSHOZHOU MapacunarbHocmu. T100x00 Kk nocmpoenuo npocHo3a MapHCUHATLHOCU
OCHOBbIBAEMCSL HA 00YUeHUU Hellpocemegotl MoOenu. [leMOHCmpUpyemcs coCmosimeabHOCy OAHHO20 N00X00d HA
npumepe yCmaHnoeKu cuopokpexunea 2yopoua. Ilpedrazaemvle npocpammoii pekomeHOayuy Co2nACYIOMcs ¢ MHeHUeM
IKCNepmos. IKOHOMUUECKUll dhghexm om ee 6HeOpeHust Oblil NOOMBEEPHCOEH 8 X00€ NPOBEOEHUS ONbIMHO-
NPOMbIUUTIEHHO20 npobeza.

KioueBblie ciioBa: mamuaaoe o0yuenne, RNN, 3aada onTUManbsHOTO YIIPaBICHUS, MAPKHHATBHOCTS.

DOI: 10.32935/0023-1169-2025-651-5-24-30

A. S. Nuzhny, E. N. Levchenko, B. M. Usmanov, A. A. Kolchin
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The Neural Network Technologies Utilization for Forecasting and Optimizing the Economic Efficiency of a
Production Facility Using the Example of a Deep Oil Refining Installation

The paper discusses the problem of increasing the economic efficiency of a deep oil refining unit. Efficiency is

increased by introducing a decision support program into the installation management process. The principle of the



program is to build a predictive model that predicts the future economic efficiency of the installation and then select
the values of control actions that lead to the highest value of predictive efficiency. The approach to forecasting
economic efficiency is based on neural network model. The validity of this approach is demonstrated by the example
of a tar hydrocracking installation. The recommendations proposed by the program are consistent with the opinion of
experts. The economic effect of its implementation was confirmed during the pilot industrial run.

Key words: machine learning, RNN, optimal control problem, marginality.

M. P. Yemanos, E. A. Kanunenxo, H. IO. Ykonosa
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IlepcnekTHBHI PHIHKA ABHATOIIMB C HU3KUM YIJI€POAHBIM CJIEI0M

U moTeHIuaJ ajs poccuiickux HII3

B pabome npedcmaesnen akmyanvhulii 0630p mexywux u nepcnekmueHblx mpebosanull K aguanepeso3uuram u
nPoU3BOOUMENIM MONAUE O BO30VUIHBIX CYO08, OYCHEHO GIUAHUE HOPMAMUBHO-NPABOBO20 PECyIUPOBAHUS

8 MeANCOYHAPOOHOM U PESUOHATLHOM MACumadax Ha OANanc peinKa asuakepocuna u e2o aromepramus. Ilpogeden
CPABHUMENILHBIL AHANU3Z COBPEMEHHBIX THEXHONIO2UT U CROCOD0B NOTYYEHUs YCMOUYUBO20 U HU3KOY2NEPOOHO20
ABUAYUOHHBLX MONIUE, PACCMOMPEHRbL IKOHOMUYECKUE U IKOTIo2UYEeCKUEe aCneKkmal, coeanbl 6616000l

0 NPUMEHUMOCTU PA3IUYHBIX MEXHONIO02UI U peanu3yemMocmu npoekmos npousgoocmea SAF, oana kpamxkas cnpaska
O B6bINOJIHAEMbIX pa60max 6 Komnanuu no aaHHOMy HanpaejleHuio.

KiroueBble cjioBa: yCcTOHUMBOE aBUallMOHHOE TOTLTNBO, SAF, aBuakepocun, yrinepoansiii cien, LCAF, BeIOpock

YIJICKHUCIIOTO Ira3a, ,Z[eKap6OHI/ISaLII/I$I.
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Sustainable Aviation Fuels Market Trends and Potential for Russian Refineries

The article provides an updated review of current and prospective requirements for air transportation companies and
aircraft fuel producers, assesses the impact of international and regional regulations on the balance of the jet fuel
market and its alternatives. A comparative analysis of advanced technologies and methods of production of
sustainable and low-carbon aviation fuels is provided, economic and environmental aspects were considered,
conclusions are presented on the applicability of various technologies and feasibility of SAF production projects, and
a brief summary of the Company's activities in this area is presented in the article.

Key words: sustainable aviation fuel, SAF, LCAF, jet fuel, carbon footprint, CO2 emissions, decarbonization.
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IIpakTHKa NIpUMeHEeHHsI COBPEMEHHBIX CUCTEM YNPaBJIeHUs NPOEKTAMM NPH CTPOUTEIbCTBE 00bEKTOB
HeTeXMMHYeCKOH NPOMBIILIEHHOCTH

B cmamuve npoeedén ananus s¢hghexmuenoco sHeOpeHus cOBPEMEHHbIX CUCTEeM YNPAGIeHUS NPOEKMAMU HA OCHO8E
yugposuzayuu npoyeccos. Ipu smom oocmuzaemcs npeyusuoOHHOCMb NAAHUPOSAHUS 30 CUem NPUMEHEHUs
AHATUMUYECKUX UHCIMPYMEHMAapues, MUHUMU3AYUU PUCK-PAKMOPO8 U OUHAMUKY NPUHAMUS YNPAGLEHUECKUX
pewenuil. Cmambs makoice 3ampazusaem nepcnekmusHoe pazeumue cCucmem 8 yeanyonieHuy KOHmpois U aHanuse
OGHHBIX 8 pediCUMe PednbHO20 6peMeHU Ha CMPOUMENbHOU NIOWAOKE C UCNOIb306AHUEM PEMPOCNEKMUEGHBIX OAHHBIX.
KioueBrble ciioBa: yrpaBjieHne HHBECTHLIMOHHBIMU [TPOEKTaMH, KOPIIOPATHBHBIE MH()OPMALOHHBIE CUCTEMBI
ynpaBiieHHs POEKTaMU, HU(PpoBast TpaHchopMalys, HHTETpalus ¢ APYTUMU KOPIIOPaTUBHBIMH CHCTEMaMH, MacTep-
cucreMa, nanoop/.
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Modern Project Management Systems’ Application Practice

in Petrochemical Industry Facilities’ Construction

The article analyzes the effective implementation of modern project management systems based on the processes’
digitalization. Advantages: achieving planning precision through the use of analytical tools, minimizing risk factors
and dynamics of management decision-making. The article also touches on the promising development of systems in
deepening real-time data monitoring and analysis at the construction site using historical data.

Key words: investment project management, corporate project management information systems, digital

transformation, integration with other corporate systems, master system, dashboard.
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YenenHslii ONBIT M0 MOJEPHU3AMH JIMHUNH 0YHCTKA MOHOMEPOB HA MpeINpPUsITHI

rpynnsi komnauuii JYKOMJI

Iloopobno paccmompena npodremMamura HAIUYUs KAMAIUMU4eckux 1008 U MUKponpumecell 8 NOMoKax
Heghmexumuieckux npou3eo0Ccms, 8 YaCMHOCMU, 8 Cbipbe NPOUIBOOCE NOAUIMULEHA U NOTUNPORULEHA, d TNAKHCE 8
Cblpbe NPOU3B00CmE Opy2ux NPoOyKmos8 Op2anuiecKo2o u Heghmexumuyeckoeo cunmesa. Ilpeocmasnensi memoosi
MOOepHU3aYUY TUHULL OYUCTOK MOHOMEPOS OM KAMAIUMUYECKUX 1008 U MUKPONpUMECel HA NPUMEPAX YCNEUHO20
6HeOpeHUs mexnudeckux peuteHuii u npodykmog komnanuu OO0 «FOKTy cosmecmno co cheyuanucmamuy KOMRAHUU
JIVKOHJI na npeonpusmusx zpynnot komnanuu JIYKOUIJI.

KarwueBsble cjioBa: 04lCTKa, MOHOMEPHI, TOJTUITHIICH, TOJUIIPONIIICH, KATATUTUIECKUE SIIBL.
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Successful Experience in the Monomer Cleaning Lines’ Modernization

at the Enterprise of LUKOIL Group Companies

The problem of presence of catalytic poisons and microimpurities in petrochemical production flows, in particular, in
the feedstock of polyethylene and polypropylene production, as well as in the feedstock for production of other
organic and petrochemical synthesis products, is reviewed in detail. Methods for modernization of monomer cleaning
lines from catalytic poisons and microimpurities are presented using examples of successful implementation of YUST
LLC technical solutions and products together with LUKOIL specialists at LUKOIL Group enterprises.

Key words: cleaning, monomers, polyethylene, polypropylene, catalytic poisons.
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HccnenoBanne CTpYKTYPHO-XMMHYECKUX 0COOEHHOCTEH ChIPbS M NPOAYKTOB BUCOPEKHHIa

C MpUMeHEeHHEeM CIEKTPOCKOMUH

B pabome uccrnedosano cvipve dns npoyecca sucbpexunea — Hegpmsamvle OCIMAMKU 8bICOKOCMONUCMBIX Hemell,
obnadarouue HUSKUM COOepaIcanuem cepvl ¢ npumerernuem memooos UK- u IIMP-cnexmpockonuu. Ilpogeden ananus
00pa3y08 Coipbsl U NPOOYKMOB NPoyecca 8UcOpeKunea ¢ UCNOIb308AHUEM UHCTHPYMEHMATbHBIX Memodos TIMP u UK-
Dypve cnexmpockonuu. Tloxazano, umo ce uzyueHHvle 0OCMAmMKU AGA0MCA 8bicokonapagunucmuimu. « Cpeonuey
MOAEKYIbL IMUX OCHAMKO8 XAPAKMEPUIYIOMCS HeOOIbUUM YUCTIOM APOMAMUYECKUX KOAeY C OTUHHBLMU ATKUTbHBIMU
3amecmumensmMu, 8 KOmMopbvlx YUCI0 AmMoMo8 yenepoda oocmuzaem 8. 3nauumenbHoe KOIULeCmB80 ANKULbHbIX YenoyeK
6 MOJEKYIax OUCNEPCHOU pasbl AcPhanrbmo-CMOIUCTHBIX BeUeCmE CROCODCMBYem HUSKOU CIMAOUTbHOCIU CHIPbSL U
ocmamiog sucopexunea. Mcciedosanue colpbsi U 0CMAmMKos UCOpeKutea NOKa3vleaem yeeauyenue KOHYeHmpayuu
napamazHUmMHbIX YeHMpPos 8 OCMAMKAX 8UCOPEKUHEA NO CPABHEHUIO C UCXOOHBIM 2yOpoHoM. Pesyibmamoi
NPOBEOEHHBIX UCCIEO08AHUL MO2YI DbIMb UCNONB308AHbL 0151 86100PA IPDEKMUBHBIX MEMOO08 U ONMUMATLHBIX
VCA08ULL peanu3ayuy npoyecca 8UCOpeKkuH2a u N0020MoBKYU KOMEIbHbIX MONJIUB, C8A3AHHbIX C NepepabomKol
8bICOKOBA3KUX U NAPADUHUCTNBIX Hehmell Ha OmeYyecm8eHHbIX Hepmenepepabamvl8arOux 3a600ax.

Kawuesrble coBa: npouecc BUucOpekunra, gaxkrop crabunsaoctu, MK-®ypbe ciekrpockomnus, ryapoH,
3JIEKTPOHHBIN NTapaMarHUTHBIA PE30HAHC, MPOTOHHBIN MapaMarHUTHBIN pe30HaHC.
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Investigation of the Structural and Chemical Characteristics of Raw Materials

and Visbreaking Products Using Spectroscopy

The feedstock for visbreaking process — oil residues of highly resinous crude oils with low sulfur content have been
reviewed in this study using IR and proton magnetic resonance spectroscopy. The feedstock samples and visbreaking
products have been analyzed using proton magnetic resonance spectroscopy and Fourier-transform infrared
spectroscopy. It has been shown that all the studied residues are highly paraffinic. The "medium™ molecules of these
residues are characterized by a small number of aromatic rings, with 3-6 long alkyl substituents in which the number
of carbon atoms reaches 8. The presence of a significant amount of alkyl chains in the molecules of the dispersed
phase of asphalt-resinous substances contributes to a low stability of the feedstock and visbreaking residue. The study
of the feedstock and visbreaking residues shows an increase in the paramagnetic centers concentration

in the visbreaking residues compared to the original vacuum residue. The results of the performed research can be
used to select efficient methods and optimal conditions for implementation of the visbreaking process and preparation
of boiler fuels associated with processing of high viscous and paraffinic crude oils at domestic refineries.

Key words: visbreaking process, stability factor, Fourier-transform infrared spectroscopy, vacuum residue,

electron paramagnetic resonance, proton paramagnetic resonance.
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HccaenoBanue mpomecca Me;KMOJIEKYJISIPHOTO B3aUMO/AECTBHSA CJI0KHBIX CTPYKTYPHBIX €IHHHUL CHIPbS H
NMPOIYKTOB BHCOPEKHHTa

B pabome usyuenvt 3aumocesizu mexicoy hakmopom cmaduibHOCIMU Colpbsi BPOOYKIMO8 NPOyeccd 8UCOpexkunaa
napaguuucmou He@pmu ¢ dJHepeuUels MEHCMONEKYIAPHOL0 3AUMOOEICTNEUS, KOMOPAsl, CO2NACHO KUHETNUYEeCKOl Meopuu
HCUOKOCHE, OYeHUBAeMC s Yepe3 IHEPIUI0 aKmusayuy 8a3xo20 meuenus. Ilokasana 603moxcHOCmy onpedeienus
9HepeUuLU aKmueayul no pehpaKmomempudecKum XapaKmepucmukam napagunucmoix cped. Iloxasana 63aumocesso
IHEPIULU MENHCMONEKYTAPHO20 83AUMOOECTNEUSL HePMAHBIX OUCNEPCHBIX CUCTHEM C KOHYenmpayuel napapuHos 8
cpede. Ycmanoeneno enusinue Ha pakmop cmadbuivhocmu u 0oweco nomenyuanvriozo ocaoxa (OI10) coipvs u
NPOOYKMO8 BUCOPEKUH2A CLEOVIOWUX NOKA3AmMeNell: IHePSUL MENCMONEKVAAPHO20 83aUMO0elicEus Hepmanbix
oucnepcuvix cucmem (HIC), codepocanus acanomo-cmorucmeix eeuyecma, apomamudeckux u napagpurno-
Haghmenoswix y2neso0opodos. Beedenue eaxyymmnoeo easoiins, cooepacaueco 0o 30—-40% mac. apomamuueckux
Y21e8000p0008, CHOCOBCMEYem CMAdUIU3AYUY NPOOYKIMO8 BUCOPEKUH2A 30 CHem YEeTUYEeHUs IHEPSUU
83AUMOOCUCMBUSL CJLONCHBIX CIMPYKMYPHBIX eOunuy. Tlokazana 63aumocesss SHepeuU MeHCMONEKYIAPHO20
ssaumooevicmeust H{C ¢ OIIO u ¢paxmopom cmadbunvnocmu u napagunos. C pocmom snepeun MescMOoneKyisipHo2o
83aUMO0elicmaus 0oWULl NOMEHYUANLHBII OCAOOK YMEHbUIAEMC S U CIAOUTbHOCHb KOLLOUOHOU CUCHEMbL

sozpacmaem.



KiioueBble ¢10Ba: OCTaTOK BUCOPEKUHTA, KHHEMATUYECKAs BI3KOCTh, SHEPTHSI MEKMOJIEKYJISIPHOTO
B3aUMOJICHCTBHSI, COACPIKAHUE YTIICBOIOPOIOB, (PaKTOp CTAOMILHOCTH, OOIIHHA MOTCHITMABHBIN 0CaIOK.
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Investigation of the Intermolecular Interaction of Complex Structural Units

of Raw Materials and Visbreaking Products

The aim of the work is to study the relationship between the stability factors of the raw materials of the products of the
paraffin oil visbreaking process and the energy of intermolecular interaction, which, according to the kinetic theory of
liquids, is estimated through the activation energy of a viscous flow. The paper also shows the possibility of
determining the activation energy based on the refractometric characteristics of paraffin media. The relationship
between the influence of the following indicators on the stability factor of raw materials and visbreaking products has
been established: the energy of intermolecular interaction of petroleum dispersed systems. The influence of the
following indicators on the stability and total potential precipitation (TPO) factor of raw materials and visbreaking
products has been established: the energy of intermolecular interaction of petroleum dispersed systems, the content of
asphalt-resinous substances, aromatic and paraffin-naphthenic hydrocarbons. Containing a significant amount of
paraffin-naphthenic hydrocarbons, with a decrease in the amount of which the stability of the residue increases.

In addition, the introduction of vacuum gas oil containing up to 30-40% by weight. aromatic hydrocarbons,
contributes to the stabilization of visbreaking products by increasing the energy interaction with them. The
relationship between the energy of the intermolecular interaction of VAT with TPO and the stability factor is shown
and paraffins. As the intermolecular interaction energy increases, the total potential precipitation decreases and the
stability of the colloidal system increases.

Key words: cvisbreaking residue, kinematic viscosity, intermolecular interaction energy, hydrocarbon content,

stability factor, total potential precipitation.
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OnbIT MCHOJIB30BAHMS POCCUICKOI KATATUTHYECKOH CHCTEMbI HA YCTAHOBKE

THAPOKPEKHHTa BAKYYMHOTO T'a30MJIsi

Onucanvl pe3yibmamol NPUMEHeHUs. Hd 0OHOM U3 POCCULICKUX Hehmenepepabamvl8aouux 3a60008 epynnbl

«JIYKOUJI» kamanumuueckotl cucmemuvl poCCUICKO20 NPOU3B00CMEd, GKII0YAs KAMAIUIATOP SUOPOOUUCTIKU,



2UOPOKpeKuHea u eudpoguuuwunea. Iloxkasano, ymo omeuecmeenHas KAMAIUMUIECKAs CUCMEMd NO360.15em
IKCHILYAMUPOBAMb PEAKmMopbl npu 601ee HU3KUX MeMnepamypax ¢ KOngepcuell U ceieKmugHoCmbi0 OU3KOU No
SHAYeHUsAM O/ TUYEH3UOHHOU Kamaiumuieckol cucmemsl. Kauecmeo nenpespawennozo ocmama u ¢opaxyuu 150—
3600C, gvipabamvieaemuvlix Ha OMeEYECMBEHHbIX KAMAIU3AMOPAX, NPEBOCXOOUTIO KAUECHEO

SMUX NPOOYKMOE NPU IKCHILYaAmayu TUYeH3UOHHOU Kamaiumu4eckou cucmemsl. Bvicokas akmusnocms poccuticko2o
Kamaau3amopos no360aula 0Cyuecmsums KOMOUHUPOBAHHYIO 3a2PY3KY PeaKmopa 2UOPOKPeKUH2a ¢ UCNONb308AHUEM
50% pecenepuposannozo MuYeH3UOHHO20 KAMAIUIAMOPA, YMO 3HAYUMENbHO COKPAMUILO 3aMPanbl

Ha nepezpy3Ky Kamanuzamopos.

KurodeBble ciioBa: KaTalin3aTop THAPOKPEKUHTa, KATATUTHYECKAs aKTUBHOCTD, CEJIEKTUBHOCT,

pereHepupoOBaHHBIN KaTaau3aTop.

DOI: 10.32935/0023-1169-2025-651-5-60-64

M.R. Usmanov?, S.F. Valeev?, V.B. Harlamov?, I.M. Sutyrin®, A.A. Pashevkin!, S.E. Spiridonov?, A.V. Zhuravlev?,
E.F. Dyachenko?, V.G. Radkovskii?, I.F. Usmanov®, A.Sh. Tagirov, E.M. Rahmatullin®, A.B. Bodryy?,
A.N.Saraev?, K.A. Votintsev?, K.S. Toporov®, G.F. Garieva®

!Lukoil — Engineering Skills and Competences (LINK),

?Lukoil-Volgogradneftepererabotka (VNP),

®Ishimbay Sorbents JGC

Experience of Using a Russian Catalytic System at a Vacuum Gasoil Hydrocracking Unit

The results of the application of a domestic-made catalytic system, including a catalyst for hydrotreating,
hydrocracking and hydrofinishing, are described one of the Russian oil refineries of the LUKOIL group. It is shown
that the domestic catalytic system makes it possible to operate reactors at lower temperatures with conversion and
selectivity close to that of the licensed catalytic system. The quality of the unconverted residue and the 150-360 °C
fraction produced on domestic catalysts exceeded the quality of these products during the operation of a licensed
catalytic system. The high activity of domestic catalysts made it possible to carry out a combined loading of the
hydrocracking reactor using 50% of the regenerated licensed catalyst, which significantly reduced

the cost of overloading the catalysts.

Key words: hydrocracking catalyst, regeneration, catalytic activity, selectivity.
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Zeta Potential of Cellulose Nanofibrils as a Function of pH

We studied the titration behavior and the zeta potential behavior of TEMPO-oxidized CNF. The carboxylic groups
at the CNF surface provide the non-linear response to the addition of acidic and basic titrants with equivalent
points estimated as pH=3.54 (acidic) and pH=6.87 (basic). Surface charge and surface potential of CNF can be
estimated from the fitted titration curve. Electric potentials at various scaled distances from the CNF surface and
measured zeta potentials are in good agreement if we assume that the slipping plane is located at about 3.2 Debye

lengths from the CNF surface.



Keywords: adsorption, surface area, charge density, titration.
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Facile n-Decane Encapsulation through Surfactant-Free Pickering Emulsion Polymerization

A facile and eco-friendly method for encapsulating the organic phase change material n-decane using
surfactant-free Pickering emulsions stabilized by carboxylated cellulose nanofibrils (CNFs) is presented. In this
method, CNF serves as both a stabilizer and a source of reactive groups, enabling direct shell crosslinking through
covalent bonding between cellulose carboxyl groups and polymethylene polyphenylene isocyanate (PAPI).
Comprehensive characterization by electronic microscopy, IR spectroscopy, thermal gravimetry, thermogravimetric
analysis, differential scanning calorimetry, and leakage analysis confirmed effective shell formation and n-decane
encapsulation, enhanced thermal stability, and effective retention of n-decane, with an apparent encapsulation
efficiency of 58.5%. Thermal analysis revealed broadening and shifting of phase transition peaks attributable to
spatial confinement and interfacial effects within the microcapsules. Leakage tests demonstrated strong retention of
the PCM core with the crosslinked CNF shell effectively limiting heating-induced leakage. These results underline
the potential of CNF-based surfactant-free Pickering emulsion polymerization as a promising approach for
encapsulating short-chain paraffin PCMs in cold storage applications, with opportunities for further optimization
toward enhanced encapsulation efficiency and capsule durability.

Keywords: phase-change materials, paraffins, cold storage, interfacial polymerization, cellulose nanofibrils,

polyamides, polymeric isocyanate.
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Comparative Analysis of Methods for the Determination of Rosin Acids in Tall Oil

Compared in this study are methods for determining rosin acids in crude and distilled tall oils. It is shown that the
determination of rosin acids using the standard titrimetric method TS 13-0281078-119-89 results in underestimated
results compared to the data obtained by the GOST R 50378-92 method. The most significant factor influencing the
analysis results is the type of the alcohol used as a solvent. The measured concentrations of rosin acids increase in
the following order: methanol < n-butanol < isopropanol. The GOST R 50378-92 method ensures reliable results
and can be recommended for routine analysis of tall oils.

Keywords: tall oil, rosin acids, esterification, aliphatic alcohols.
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Study of Perovskite Catalysts for Carbon Dioxide Conversion of Methane

This article reviews recent studies of the action of various perovskite catalytic systems for the carbon dioxide
reforming of methane (CDRM). Procedures for the improvement of such perovskite catalysts are discussed. The
properties of nickel, iron, cobalt, and lanthanide perovskite catalysts were found to depend on the method of
synthesis and the presence of promoters such as ZrOz, CeOz, K20, and MgO. Nanostructured perovskite catalysts
with an active phase of metal nanoparticles have high activity and are stable at high temperatures. Perovskites are
highly efficient CDRM catalysts. Their use as catalytic system precursor enhances the catalytic activity. Perovskites
have shown high activity even under extreme high-temperature conditions, which makes them promising catalysts
for CDRM. Various perovskite-based catalysts demonstrate high catalytic activity and stability even after
prolonged use without coke formation.

Keywords: carbon dioxide, carbon dioxide capture, carbon dioxide reforming of methane, perovskite catalyst

systems.

Yinghua Gong

Gubkin University, Moscow.

gongyinghua2018@gmail.com

Eco-Friendly Gas Hydrate Inhibitors

Natural gas hydrates can cause pipeline blockage during oil and gas transportation, leading to significant
economic losses and environmental risks. Conventional thermodynamic hydrate inhibitors, such as methanol and
ethylene glycol, can effectively prevent hydrate formation. However, these inhibitors require to be applied in high
concentrations, thus being toxic to humans and the environment. Kinetic hydrate inhibitors (KHIs) have recently
attracted attention due to their advantages, including environmental friendliness and the possibility of using lower
concentrations. In this article, we carry out a systematic review of research literature on synthetic and natural
KHIs, analyzing their inhibition mechanisms, characteristics, and limitations. Particular attention is paid to the
experimental studies of urea, a new environmentally friendly inhibitor with both thermodynamic and kinetic action.

Keywords: natural gas hydrates, thermodynamic hydrate inhibitors, kinetic hydrate inhibitors, polymers, urea.
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Based on the Design Structure Matrix Optimization

of EPC Project Schedule for Petroleum Refining Engineering

The key to the construction progress of petroleum refining engineering project groups lies in the production sub
network, and the progress management of key projects is the core of sub network project progress management.
This article proposes to use a design structure matrix to express the task relationships in key projects,

comprehensively adjust the sequence progress of E+P+C, and achieve the goal of overlapping execution between



processes by analyzing the start time, end time, and execution time of various work tasks, in order to shorten the
project cycle and develop a reasonable schedule for key projects. This study can provide guidance for the
preparation of EPC key project schedule plans in petroleum refining engineering project groups, and provide a
scientific and effective basis for conducting research on project group schedule optimization management.

Keywords: petroleum refining engineering project group, design structural matrix, plan, sort.
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Study on Liquid Loading Patterns of Low-Pressure Gas Wells

and Selection of Efficient Drainage Processes

This study addresses production issues in low-pressure gas wells. Beginning with the mechanisms, identification
and diagnosis of liquid loading in such wells, we analyze the patterns of liquid accumulation. On this basis, a
comparative selection of several efficient drainage processes for different types of low-pressure gas wells is carried
out, laying the foundation for optimizing well-liquid removal in the later stages of low-pressure gas-field
development. The results show that liquid loading in low-pressure wells is mainly influenced by critical
liquid-carrying velocity, wellbore configuration and fluid properties, and exhibits distinct staged evolution. By
establishing a multi-parameter comprehensive diagnostic model, precise recognition of liquid-loading status is
achieved. Common efficient drainage processes include plunger lift, gas-lift drainage and various auxiliary
techniques. For different low-pressure wells, appropriate selection and optimization of drainage technology,
together with differentiated strategies, can comprehensively enhance well productivity and ultimately improve
recovery.

Keywords: low-pressure gas well, liquid-loading pattern, identification and diagnosis, efficient drainage, process

selection.
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Construction of Complex Well Control Scenarios and Analysis of Risk Evolution Law

This study establishes a multi-physics-coupled dynamic analysis model to investigate the risk evolution of oil and
gas intrusion in high-temperature high-pressure (HTHP) drilling operations. By integrating genetic neural
networks for seismic attribute screening with acoustic data and dynamic Bayesian networks (DBN), the
evolutionary patterns of leakage, collapse, and overflow risks are systematically analyzed. The research elucidates
the driving mechanisms of oil and gas intrusion under HTHP conditions, including pressure gradients, capillary

effects, stress redistribution, and non-Darcy flow, and proposes a three-stage dynamic process for intrusion



channel formation (initial, dynamic, and sudden risk phases). Safety barrier failure analysis identifies critical
failure modes of drilling fluid, blowout preventers (BOPs), and casing systems under extreme conditions:
rheological degradation of drilling fluid, material performance attenuation of casing, and BOP seal failure.
Quantitative assessment via DBN models evaluates the coupling effects of equipment failures, abnormal formation
pressure, and human errors, constructing a multidimensional risk propagation framework encompassing
equipment, environment, personnel, and management factors. A hybrid evaluation method combining data-driven
analysis and numerical simulation is proposed, offering theoretical and technical foundations for proactive risk
management in deep-sea drilling.

Keywords: HTHP drilling, oil and gas intrusion well control, risk evolution, well control risk assessment.
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Development and Performance Evaluation of a Salt-Tolerant Supramolecular

Fracturing Fluid Thickening Agent

In the exploitation of high-salinity oil and gas reservoirs, traditional fracturing fluid thickening agents often
encounter challenges such as poor solubility, reduced thickening efficiency, and unstable rheological properties
due to the high concentration of salt ions. To address these issues, this study presents the design, synthesis, and
comprehensive performance evaluation of a novel salt-tolerant supramolecular thickening agent (STSTA) based on
hydrophobic association and electrostatic interactions. The STSTA was synthesized via aqueous solution
polymerization using acrylamide (AM), acrylic acid (AA), 2-acrylamido-2-methylpropane sulfonic acid (AMPS), a
non-ionic polymerizable surfactant (NPS), and a double-tail hydrophobic monomer (DHM) as the main monomers.
Fourier-transform infrared spectroscopy (FT-IR), nuclear magnetic resonance (NMR), and scanning electron
microscopy (SEM) were used to characterize the chemical structure and morphology of the STSTA. Performance
evaluations included solubility, thickening ability, rheological behavior, salt tolerance, sand-carrying capacity,
thermal stability, and compatibility with other fracturing fluid additives. The results showed that the STSTA
exhibited excellent solubility in salt brines up to 200,000 mg/L, maintained high viscosity (=80 mPa-s at 0.5 wt%
concentration under 170 s shear rate in 150,000 mg/L NaCl), and demonstrated superior shear-thinning,
viscoelastic, and shear-recovery properties compared to traditional guar gum-based thickeners. The unique
supramolecular structure formed by hydrophobic association and ionic interactions enabled the STSTA to resist
salt-induced viscosity degradation, making it a promising candidate for hydraulic fracturing in high-salinity
environments.

Keywords: salt-tolerant, supramolecular, fracturing fluid, thickening agent, rheological properties, salt tolerance.
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Study on Carbonate Reservoir Pollution and Acidizing Deblocking

via Numerical Simulation

Carbonate rocks are generally characterized by small pore throats and poor permeability. During the drilling and
completion process, the reservoir is extremely susceptible to being contaminated by drilling fluids, and the
contamination is difficult to be removed. The purpose of removing contamination can be achieved by wellbore
acidizing through chemical dissolution. To deeply study the damage process and acidizing plug-removal process of
carbonate reservoirs, a numerical model of wellbore contamination and acidizing plug-removal in carbonate rocks
was established based on the mathematical models of drilling fluid invasion and acidizing plug-removal. The
finite-element method was utilized for solving. The contamination conditions and plug-removal effects under
different porosities, drilling fluid leakage amounts, injected acid concentrations, and the presence of fractures were
investigated. It is shown by the results that with the increase of the original formation porosity and the drilling fluid
leakage amount, the decline range of porosity and permeability after being contaminated by the drilling fluid is
larger, and the contamination is more serious. At the same time, with the aggravation of the contamination degree,
the acidizing plug-removal range around the wellbore is smaller. When the drilling fluid leakage amount is
increased from 100 m® to 300 m?, the plug-removal range is decreased from 22.8% to 8.9%. With the increase of
the injected acid concentration, wormholes can communicate with the original formation more rapidly, but the
plug-removal range around the wellbore is decreased. When fractures exist, the position and angle of the fractures
have a significant influence on the acidizing plug-removal effect. When the fracture is close to the wellbore and the
fracture angle is small, the fracture becomes the dominant flow channel, and the expansion of wormholes in other
directions is affected, thus reducing the plug-removal range in the contaminated area. The research results are
provided to offer theoretical guidance and reference for the contamination evaluation of drilling fluids and the
analysis of wellbore acidizing plug-removal effects.

Keywords: carbonate rock, drilling fluid invasion, acidizing, numerical simulation, wormhole.
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The Current Status and Prospects of Cooling Technology

for Offshore High-Temperature Drilling Wells

Deep wells and geothermal wells often face the challenge of high temperatures, which significantly affect
operations such as drilling and well logging. To ensure the safe and efficient implementation of high-temperature
wells, various supporting measures are commonly used to reduce the bottom-hole temperature. This paper analyzes
the challenges of high-temperature drilling and discusses the commonly used cooling methods for offshore wells,
such as mud cooler, mud pit cooling coils, and annular pressure-boosting pump technologies. A brief evaluation of

their cooling effectiveness and applicability is provided. Since the currently used cooling methods still have certain



limitations, the paper explores and forecasts alternative cooling techniques with significant future potential. It
provides a detailed analysis of the advantages and disadvantages of water-based cooling, phase change material
cooling, and inner-coating thermal insulation drill string technologies. This paper offers valuable insights for both
offshore and onshore high-temperature well cooling strategies.

Keywords: offshore, high temperature drilling, wellbore cooling, technology status, technical outlook.
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Algorithm Implementation of Long-distance Pipeline Pig Tracking

Operation Based on Beidou Technology

Aiming at the issues in existing pipeline internal inspection pig tracking technologies, such as the inability to
precisely monitor real-time pig status, insufficient positioning accuracy and difficulty in rapidly identifying stuck
pig locations during blockage incidents, this study proposes a BeiDou-based tracking algorithm for long-distance
pipeline pigging operations. The solution involves deploying BeiDou precision positioning marker devices along
pipelines to leverage the systems high-precision positioning, time synchronization, and short message
communication capabilities, thereby acquiring accurate positional data and pig passage timestamps. The algorithm
employs a segmented velocity method integrated with pipeline GIS data and BeiDou positioning technology to
calculate pig positions and predict movement trends across various terrains. By establishing an internal detector
motion model that incorporates key parameters including pipeline gradient, bend pressure differentials, resistance
coefficients, and detector weight for non-horizontal pipelines and curved sections, we introduce dynamic velocity
adjustment factors to optimize the segmented velocity method, thereby enhancing positioning accuracy for both
normal operation and stuck pig scenarios. This cloud-embedded algorithm enables real-time operational
monitoring and anomaly alerts through an APP client interface. Test results indicated that algorithm outperforms
traditional GPS-based pig tracking and fiber-optic vibration sensing technologies in positioning accuracy, stuck
ball response efficiency and adaptability to complex terrains. Under complex terrain conditions, the measured
positioning error ranged from 9 to 13 meters. Detection balls position update frequency reached 30-second
intervals, enabling continuous trajectory tracking. Early warning response time for stuck balls had been reduced to
within 10 minutes. This technology provides real-time and reliable technical support for pipeline safety operation
and maintenance.

Keywords: beidou satellite navigation system, long-distance pipeline, automatic pig tracking algorithm, segmented
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Application and Algorithm Improvement of Artificial Intelligence

in Petrochemical Production Optimization and Scheduling



This paper comprehensively explores the application of artificial intelligence (Al) in petrochemical production
optimization and scheduling, along with in-depth algorithm improvement strategies. In the petrochemical industry,
where complex processes, variable raw materials, and dynamic market demands pose significant challenges, Al
technologies offer innovative solutions. Through an analysis of Al applications in predictive maintenance,
production process optimization, supply chain management, quality control, and safety monitoring, it is
demonstrated how these technologies can enhance operational efficiency, reduce costs, and improve product
quality. Nine detailed tables are presented to illustrate the practical effectiveness of Al applications and the
performance improvements achieved through algorithm enhancements. The research also discusses the challenges
faced during implementation and proposes corresponding countermeasures, highlighting the potential of Al to
drive the sustainable development of the petrochemical industry.

Keywords: artificial intelligence, petrochemical production, production optimization, production scheduling,
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Analysis of Chemical Properties and Enhanced Oil Recovery

of Binary Composite Flooding Systems

This paper focuses on the research of binary composite flooding systems, comprehensively analyzing their chemical
properties and enhanced oil recovery (EOR) performance. The binary composite flooding systems, usually
composed of two main components, such as a surfactant and a polymer, can synergistically improve the
displacement efficiency of oil reservoirs. Through laboratory experiments and field application data analysis, the
chemical characteristics including interfacial tension reduction ability, viscosity-building performance, and
long-term stability of binary composite flooding systems are studied. Meanwhile, the EOR mechanisms and
influencing factors are explored in detail. The results show that binary composite flooding systems can effectively
reduce the interfacial tension between the displacement fluid and crude oil, increase the viscosity of the displacing
fluid, and improve the sweep efficiency and displacement efficiency of oil reservoirs, thus achieving significant
EOR effects. This research provides a theoretical and practical basis for the further application and optimization of
binary composite flooding technology in the oil industry.

Keywords: binary compound flooding, surface active agent, viscosity increasing ability, oil displacement efficiency.
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Comprehensive Analysis of the Microscopic Acid-Etching Characteristics

and Dissolution Mechanisms in Complex-Lithology Carbonate Rocks

This study presents a comprehensive analysis of the microscopic acid-etching characteristics and dissolution
mechanisms in complex-lithology carbonate rocks, employing petrographic thin sections, scanning electron
microscopy (SEM), nuclear magnetic resonance (NMR), and CT scanning. Dynamic dissolution experiments with
15% hydrochloric acid reveal that acid-etching behavior is significantly governed by the synergy between mineral
composition and pore structure: calcite exhibits notably higher dissolution reactivity than dolomite, pyrite, and
quartz, driving preferential dissolution at calcite-rich interfaces. Limestone demonstrates uniform surface
dissolution, whereas dolomite develops abundant dissolution pores (1-8 um) and microfractures, with significantly
enhanced pore connectivity. NMR and CT scan results indicate that high-permeability rocks (=4 mD) facilitate
deeper acid penetration, forming a penetrating wormhole network with a porosity increase of up to 611% -
substantially higher than the 542% observed in low-permeability samples. The dissolution process follows a
two-stage evolution model: “mineral heterogeneity drives surface non-uniform dissolution, and pore connectivity
promotes the formation of internal wormholes™. These findings provide critical mechanistic insights for optimizing
acidization processes and enhancing seepage capacity in complex carbonate reservoirs.

Keywords: complex lithologic carbonate rocks, acid etching mechanism, characteristics of acid erosion, erosion
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Main Controlling Factors of Dolomite Reservoirs

for Deep Carbonate Oil and Gas Exploration

The dolomite reservoirs in the Fourth Member of Ordovician Majiagou Formation in the central-eastern Ordos
Basin serve as important targets for deep carbonate oil and gas exploration in the basin. Clarifying the reservoir
characteristics and main controlling factors is of great significance for improving oil and gas exploration efficiency
and deployment. This study is based on various geological data including core observation, thin section analysis,
X-ray diffraction, and carbon-oxygen-strontium isotope analysis from Well Xiaohao-1. The petrological
characteristics, reservoir space types, and reservoir physical properties of the dolomite in this interval were
systematically analyzed. The influences of main controlling factors including sedimentary environment,

bioturbation, dolomitization, and early diagenetic karstification on reservoir formation were discussed. Research



results show that the dolomite reservoirs in the Fourth Member of Majiagou Formation are mainly characterized
by intercrystalline pores, intracrystalline pores, and structural fractures as the primary reservoir spaces, exhibiting
a pore-fracture composite reservoir structure. The reservoirs generally display tight to low-porosity and
low-permeability characteristics, but areas with well-developed coarse-crystalline dolomite locally possess good
reservoir properties. The sedimentary environment controlled the formation of favorable microfacies, providing the
material foundation for reservoir development. Bioturbation promoted dolomitization and pore preservation.
Dolomitization not only enhanced pore structure but also improved pore stability and connectivity. Early diagenetic
karstification further enlarged and modified the original pores. The superimposed coupling effects of the above
factors jointly controlled the spatial distribution and quality differences of dolomite reservoirs in this area.
Keywords: Central-eastern Ordos Basin, Ordovician, Fourth Member of Majiagou formation, dolomite reservoir,

reservoir characteristics, main controlling factors.
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Progress in Geological Core Drilling Technology

With the deepening of the construction of ecological civilization and the continuous growth of the demand for
mineral resources, the research and promotion of green exploration equipment and technical methods is the goal of
the healthy and sustainable development of geological work. This paper systematically reviews the latest progress
of domestic green exploration geological core drilling technology. The advantages of low-carbon and
high-efficiency drilling technology such as directional drilling, drilling instead of trench, air reverse circulation
drilling, rope hydraulic impact drilling, environmental protection flushing fluid, and discusses the applicability of
related drilling equipment and technology in different scenarios. China’s green exploration equipment and
technology system has been initially formed, but there are still problems such as insufficient research and
development and promotion of automation equipment, bottlenecks in directional coring technology, and
inapplicability of industry standards and related technologies. Therefore, this paper puts forward some
suggestions, such as strengthening the research and development and promotion of automatic ( intelligent ) drilling
equipment, innovating environmental protection flushing fluid and waste slurry treatment technology, and
improving geological exploration norms, so as to promote the high-quality development of geological exploration
industry in the direction of green, intelligent and efficient.

Keywords: green exploration, geological core drilling, drilling equipment, drilling technology, environmentally
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Study on Theory and New Test Method of Casing External

Collapse Strength in Simulated Curved Well

In response to the research gap on the effect of wellbore bending on the collapse resistance of casing under
external pressure, this paper aims to derive new theoretical calculation formulas and conduct experimental
research to provide a reliable basis for the design and verification of casings for deep wells, ultra-deep wells, and
high-displacement wells, thereby enhancing the safety of oil and gas wells. Based on the ISOTR 10400 standard,
this paper proposes three casing bending collapse strength formulas and compares them with existing theories. At
the same time, a finite element model for plastic large displacement deformation collapse is constructed, and casing
free bending external pressure collapse tests are designed and implemented. By comparing the experimental,
theoretical, and finite element analysis results, the reliability of the method is verified. The research results show
that the calculated values of the newly established bending plastic collapse strength formulas are slightly lower
than those of full-scale physical tests, with small errors and a safety margin. The maximum error between the finite
element analysis of full-wall thickness plastic large displacement deformation collapse strength and physical tests
is -7.03%, indicating high accuracy. The newly designed experimental method is highly reliable due to its force
model being consistent with actual well conditions. This study provides key technical support for the design of deep
well casing with high dogleg severity, solves the problem of calculating and testing the collapse resistance of bent
casings, and has been successfully applied in the field, addressing casing deformation and drilling tool sticking
issues caused by salt layer creep. It lays the foundation for technological progress in this field.
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Study on Evolution Law of Four Dimensional In-Situ Stress in Shale Formation

In situ stress, a critical parameter for shale gas development, influences well placement, drilling operations, and
hydraulic fracturing design. During shale gas exploitation, fluid injection (for hydraulic fracturing) and subsequent
extraction (for gas production) induce pore pressure variations, leading to time-dependent evolution of in situ
stress (i.e., 4D stress). Because of this four-dimensional stress, design of shale gas well in the future can not be
merely relied on original in situ stress. This dynamical change is vital for future shale gas exploitation at the
oilfield. The efficient development of shale gas reservoirs places higher demands on the understanding of the
dynamic evolution laws of geomechanics. Traditional static in-situ stress models cannot reveal this change of
in-situ stress during hydraulic fracturing and production, and it is urgent to build a more accurate
four-dimensional dynamic model. This study focuses on Longmaxi Formation shale, establishing a platform-scale
4D coupling model via fluid-solid interaction numerical simulations to systematically analyze in situ stress
behaviors during fracturing and production stages, while quantifying fracturing-induced stress and its long-term
impacts on the near-wellbore stress field. Results indicate that hydraulic fracturing significantly elevate in situ
stress due to massive high-pressure fluid injection, with the most pronounced stress increments occurring near the
wellbore. In the stage of post-fracturing, in situ stress decreases but remains elevated. During production, stress
dissipates yet remains higher than initial values. Such residual stress exerts a notable influence on infill well
deployment, thereby providing theoretical and technical support for fracturing design optimization and refracturing
strategies in shale gas reservoir.

Keywords: shale gas, four-dimensional in situ stress, hydraulic fracturing, fluid-solid coupling.
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An Empirical Study of CO2 Emissions Effect onto the Economics Growth

and the Environmental Energy Development

Accurately pinpointing the historical origins of CO2 releases during the course of national economic progress is a
crucial foundation for emerging economies to mitigate CO2 releases. Utilizing China’s distinctive system of
economic development objectives, this study delves into the underlying systemic reasons for China’s
carbon-intensive growth and endeavors to conduct an empirical examination of its environmental consequences.
Studies have shown that setting absolute growth targets in horizontal competition significantly increases city CO:
releases, while setting relative growth targets in vertical competition exacerbates the impact of CO2 releases. In
addition, the heterogeneity analysis shows that cities with high resource efficiency and low economic development
emit more CO2 from growth targets. Institutional tests have shown that economic development goals can result in
substantial growth in the overall consumption of fossil-based primary energy sources and a reduction in the energy

efficiency of businesses, but also to an increase in primary energy use and a decrease in industrial energy



efficiency. The results provide useful guidance for the internal institutional explanation of high levels of CO:
release in China and the development of mechanisms for developing countries to reduce global releases.

Keywords: environmental chemistry, environment development, CO: release, economic development.

Bahdar Baltabik?, Tuo Zhou's=, Yixin Gu?, Yuguang Ye!, Gang Wang?, Fuhua Jiang*,

Haigiu Zhou?, Xiangji Kong?, Yue Xiao?, Jitong Liu?, Xuefeng Chen?, Yilin Gao®

1 CNPC Engineering Technology R&D Company Limited, Beijing, China;

2 China National Oil and Gas Exploration and Development Corporation, Beijing, China;

3 CNPC Xibu Drilling Engineering Company Limited, Urumgi, China.

zhoutuodr@cnpc.com.cn

Evaluation and Recommendations for Clean Wellbore Fluid Systems

in Ultra-Deepwater Carbonate Reservoirs

The B oilfield is an ultra-deepwater carbonate reservoir where lost circulation of wellbore fluids during drilling
and completion operations often leads to formation damage. Based on the petrophysical data of reservoir cores
from the B oilfield, artificial cores mimicking the target reservoir characteristics were prepared. Multiple wellbore
fluid systems (drilling fluids, completion fluids, and acidizing fluids) were configured, and their formation damage
and remediation effects were evaluated through artificial core experiments. Results indicate that completion fluid
systems primarily composed of NaCl and CaCl. achieved a permeability recovery rate of 80-90%. Acetic
acid-based drilling fluid remediation fluids restored permeability by 88-96%, while glutamic diacetic acid
(GLDA)-based completion fluid remediation fluids achieved up to 99% permeability recovery. Additionally, filtered
seawater-based completion fluids exhibited a maximum turbidity of 31 NTU when mixed with formation water, and
the maximum viscosity increase of crude oil reached 156.8 mPas, with an ECso value exceeding 30,000 mg/L. The
study concludes that NaCl/CaClz-based drilling/completion fluids, along with acetic acid and GLDA-based
remediation fluids, are viable clean wellbore fluid systems for carbonate reservoirs. Filtered seawater-based
completion fluids also demonstrate potential as low-damage alternatives.

Keywords: carbonate reservoir, artificial core, wellbore fluid, formation damage, clean completion fluid.
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Simulation Study of Unconventional Well Killing

The Yinggiong Basin in the South China Sea poses significant challenges for well control operations due to its
high-temperature and high-pressure (HTHP) geological conditions, complex structures, and narrow pressure
windows. This study investigates the adaptability of unconventional well-killing techniques in the HTHP
environment of the northern slope of the Lingshui Depression in the Qiongdongnan Basin. Using numerical

simulation software (FLUENT and Drillbench), a wellbore gas-liquid multiphase flow model was developed,



incorporating the thermodynamic properties of drilling fluids and dynamic pressure changes during well shut-in.
The model elucidates the mechanisms of bottomhole pressure variations during the shut-in process. Comparative
analyses of conventional well-killing methods (e.g., the Driller’s Method and the Engineer’s Method) and
unconventional methods (e.g., the Displacement Method and the Bullheading Method) revealed that the
Displacement Method, with optimized parameters (drilling fluid density: 1.97 g/cm?®, displacement rate: 500-800
L/min), effectively stabilizes wellbore pressure and mitigates risks in narrow pressure windows. In contrast, the
Bullheading Method exhibited limited applicability due to formation permeability constraints and excessively high
pumping pressures. Orthogonal experimental analysis demonstrated that the displacement rate of the kill fluid has
the most significant impact on well-killing effectiveness, followed by density and viscosity (displacement rate >
density > viscosity). This study established an adaptability evaluation and sensitivity analysis of unconventional
well-killing methods in the Yinggiong Basin based on orthogonal experimental methodology. The findings provide
theoretical and technical support for well control safety in HTHP basins, emphasizing the importance of adaptive
well-killing strategies and advanced simulation tools.

Keywords: unconventional well killing, high-temperature and high-pressure wells, yinggiong basin, numerical
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Research on Real-Time Monitoring and Remediation System of Petroleum Contaminated Soil Based

on Intelligent Sensing and Microbial Remediation

Petroleum hydrocarbon pollution is one of the important challenges facing the soil environment, and the traditional
monitoring and remediation means generally have problems such as low efficiency and slow response. This paper
systematically researches the monitoring technology of petroleum contaminated soil based on intelligent sensors
and its application in microbial remediation process. By integrating electrochemical, optical, and biological
sensors with 10T communication modules, a real-time soil pollution monitoring system with high spatial and
temporal resolution and low power consumption is constructed, which is capable of accurately identifying the
concentration of pollutants such as TPHs and PAHSs, and dynamically predicting the trend of pollution diffusion by
combining with machine learning algorithms. In terms of remediation, this paper thoroughly explored the
mechanism of multiple petroleum degrading microorganisms and their response to key environmental factors such
as temperature, initial petroleum hydrocarbon concentration and water content, etc. The experimental results
showed that the degradation rate of petroleum hydrocarbons could reach up to 59.3% under the appropriate
conditions (1%~3% petroleum hydrocarbon concentration, 25°C, and 20% water content). In addition, the stability
and degradation activity of the bacteria in extreme environments were further enhanced by biofortification and
immobilization. In this study, the integrated management strategy of “intelligent monitoring + microbial precision
control” was proposed, which provides a theoretical basis and technical support for the intelligent and efficient
remediation of petroleum-contaminated soil.

Keywords: intelligent sensing, microbial remediation, oil-contaminated soil, monitoring, soil remediation.
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A Safe and Environmental-Friendly Solid Mud Acid with Retarding Performance,

and Low Corrosion for Sandstone Reservoir Acidification

Acidification is the key stimulation technology to realize the efficient development of sandstone oil and gas
resources. The liquid configuration and transportation are complex in the traditional acidizing operation of
sandstone reservoirs. The traditional liquid acid acid-rock reaction is fast, corrosive, easy to damage the reservoir
and cumbersome approval. Based on the core idea of ‘solid’ replacing ‘liquid’, combined with the HSE concept, a
new solid mud acid system mainly composed of solid organic anhydride (SMA), solid fluorine-containing material
(FRC) and solid corrosion inhibitor is developed. It has good retardance, corrosion inhibition and inhibition of
secondary precipitation performance. The experimental results show that 17wt% SMA slowly generates acid at
high temperature of 120°C, and the acid concentration can reach 11.5wt % HCI in 140 min, which can meet the
purpose of deep acidification of sandstone reservoirs. The new solid mud acid system can control the multi-stage
stepwise ionization of H+, and complex metal ions through proton exchange and complexation effects, effectively
avoiding secondary precipitation. The new solid mud acid system has good stimulation ability, the permeability is
increased by 2.7 times. By reacting with sandstone minerals to generate dissolution pores, it communicates with the
original independent dissolution pores, achieving the result of “expanding holes and increasing permeability”. This
study verifies the effectiveness of the new solid mud acid system in acidizing sandstone reservoirs, providing
scientific reference for sandstone reservoirs stimulation.

Keywords: sandstone acidification, solid mud acid, retarding performance, low corrosion, increase permeability.
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Study on Initial Stress and Selection of Soil and Water Conservation Measures for Mountain Pipelines
Mountainous slope-aligned natural gas pipelines are highly susceptible to rainfall-induced geological hazards such
as landslides, debris flows, and erosion, which pose significant threats to their structural safety and stability. This
study investigates a slope-aligned pipeline in a gas reservoir in Dazhou, Sichuan Province. Initial stress testing was
conducted using the indentation method, and a safety evaluation framework was established. Based on the
ABAQUS finite element model was developed to simulate the effects of varying rainfall intensities and durations on
pipeline stress, deformation, and slope safety factors under three conditions: undisturbed soil, backfill soil, and
integrated soil and water conservation measures. The results show that increasing rainfall intensity and duration
significantly aggravate pipeline displacement and stress concentration, while also reducing slope stability.

Although undisturbed and backfill soils offer limited protection under low-intensity rainfall, their effectiveness



diminishes under heavy and prolonged rainfall. In contrast, integrated soil and water conservation measures
consistently reduce pipeline stress and deformation while improving slope stability under all rainfall conditions.
These findings underscore the importance of prioritizing integrated protection strategies in mountainous pipeline
projects to mitigate rainfall-induced stability risks. The proposed approach has been successfully applied in
engineering practice, demonstrating its effectiveness and providing a scientific basis for optimizing protection
strategies in similar terrains.
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conservation measures.

Qiwei Zou?, Kang Liu?, Shenggiang Mu?s=,Mengcheng Shu?,

Guoxu Shu*, Shoudong Huo®, Bin Zhang?, Tong Bai'

! petroChina Liaohe Qilfield Company, Panjin, China;

2 Hefei Institute for Public Safety Research, Tsinghua University, Hefei, China;

% Nanjing GeoButton Info Tech Ltd, Nanjing, China;

4 School of Geophysics and Information Technology, China University of Geoscience(Beijing), Beijing, China;

> Key Laboratory of Petroleum Resources Research, Institute of Geology and Geopysics, Chinese Academy of
Sciences, Beijing, China.

mushengqiang001@163.com

Irregular Seismic Data Reconstruction Based on Compressive Sensing

With the continuous advancement of petroleum exploration and development, both the exploration targets and
environments have become increasingly complex, placing greater demands on seismic exploration techniques. The
complexity of field acquisition environments hinders the regular deployment of shot and receiver points, which
significantly affects seismic data processing and imaging quality. Seismic data reconstruction based on
compressive sensing (CS) theory offers an effective solution to mitigate the adverse effects of irregular acquisition
caused by complex surface conditions, thereby substantially improving seismic imaging quality. In 2020, we
conducted an onshore seismic survey in western China, and we collected 2001 shot gathers with irregular shot and
receiver points for seismic reconstruction experiment. The stacking and migration sections, before and after
reconstruction, clearly demonstrate that CS-based seismic data reconstruction can significantly enhance seismic
data imaging quality.

Keywords: petroleum exploration and development, compressive sensing, irregular acquisition, seismic
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Research on Intelligent Optimization of Steam Injection Parameters

for Heavy QOil Cyclic Steam Stimulation Based on Production Big Data



Heavy oil exploitation technology is currently at a critical stage of transformation and upgrading. Traditional
experience-driven methods for steam injection parameter design can no longer meet the needs of efficient modern
oilfield development. With the rapid development of big data and artificial intelligence technologies, the petroleum
industry needs to deeply integrate these advanced technologies with conventional extraction processes to achieve a
shift from experience-based to data-driven decision-making. To address this issue, this study combines the
theoretical basis of cyclic steam stimulation and steam injection parameters, introduces the characteristics analysis
and processing of production big data, and establishes an intelligent optimization model. Using a specific oilfield
as an example, we conduct intelligent optimization research on steam injection parameters for heavy oil cyclic
steam stimulation based on production big data. This work lays the foundation for further development in China’s
petroleum industry. The results show that the proposed method can effectively improve the scientific and
individualized nature of parameter schemes. After optimization, the cumulative oil production of test wells
increased by about 13%, and thermal energy utilization improved by nearly 10%, significantly enhancing economic
benefits while ensuring safety. This approach has strong potential for wider application.

Keywords: production big data, heavy oil, cyclic steam stimulation, steam injection parameters, intelligent
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Research on Acidisation and Production Increase Technology

of Low-Producing Wells in Yinger Depression

In order to improve the development effect of low-producing wells in dense sandstone reservoirs in Yinger
Depression, an indoor acidification and production increase experimental study was carried out under simulated
stratigraphic conditions to address the problems of poor pore permeability, low differential pressure, and weak
efficiency of acid reaction. Representative core samples were selected, and a 12% HCI + 3% HF composite acid
system was used at 80°C and 10 MPa to carry out a dynamic acidification test through a high-temperature and
high-pressure core replacement device, which was combined with nuclear magnetic resonance (NMR), ICP-OES,
XRD, SEM and other means to quantitatively analyse the changes in the physical properties of the core and the
reaction products. The results showed that the porosity of the core was increased from 7.2% to 9.8% after
acidification, and the permeability of was increased from 0.062 mD to 0.325 mD; the dissolution rate of the core
was 6.3% on average, and the concentrations of Ca?* and Mg?* ions in the reaction solution were increased from

0.3 and 0.1 mmol/L to 3.3 mmol/L, respectively. XRD test showed that the content of carbonate minerals such as



calcite and dolomite decreased significantly after acidification; SEM observation showed that the expansion of the
pore throat structure on the core surface was significant, forming non-homogeneous wormhole-like channels,
which helped to improve the seepage capacity. Low-field nuclear magnetic resonance analysis showed that the
volume percentage of small and medium-sized pore throats increased by about 18.7% after acidification. The study
shows that the acid system has good reservoir reforming ability, which provides an important experimental basis
and theoretical support for the optimisation of the acidizing process in low-producing wells in Yinger Depression,
and has good value for on-site promotion and application.

Keywords: Yinger Depression, low-producing wells, acidisation, production increase.
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Research on the Internal and Downstream Flow Field Characteristics

of an Axial Fan Cavitation Nozzle for Surface Cleaning

In order to improve the surface cleaning efficiency of fan-shaped water jet, a kind of axial fan cavitation nozzle is
designed to produce fan-shaped cavitation water jet used to clean the surfaces of various equipment. A physical
model of an axial fan cavitation nozzle and its computational domain for fan-shaped cavitation water jet flow fields
were established. Numerical simulations were conducted using ANSYS FLUENT with the Mixture multiphase
model, Schnerr-Sauer cavitation model, and Realizable k—¢ turbulence model to analyze the internal and
downstream flow characteristics within and downstream of the nozzle. The simulation results show that the jet
velocity tends to decrease along the direction of jet flow from the front end of the cylindrical center body to the rear
on the plane passing through the bottom of the V-groove (PPTBV) and the plane perpendicular to the V-groove
(PPV) for different axial fan cavitation nozzles except the kind of axial fan cavitation nozzle of b/r=2. And in the
direction perpendicular to the horizontal axis, the jet velocity also tends to decrease from the middle toward the
sides. On the plane passing through the bottom of the V-groove (PPTBV) and the plane perpendicular to the
V-groove (PPV) for different axial fan cavitation nozzles, there is a area where the vapor volume fraction is greater
than 0 in front of the cylindrical central body. And the vapor volume fraction is the highest adjacent to the front end
of the cylindrical central body and tends to decrease in the direction of the jet flow. On the plane perpendicular to
the V-groove (PPV), there is a area where the vapor volume fraction is greater than 0 near the wall surfaces on
both sides of the V-groove after the opening position of the axial fan cavitation nozzle. When o2 /r =3, there is a
area where the vapor volume fraction is greater than 0 resembling human lungs on both sides and in front of the
cylindrical central body. Meanwhile, the fan-shaped cavitation water jet presents a flattening shape, which is
beneficial for increasing the cleaning width of the fan-shaped cavitation water jet and realizing precise control of
the cleaning process. When b/r=2, the fan-shaped cavitation water jet exhibits a bifurcation phenomenon.

Keywords: axial fan cavitation nozzle, fan-shaped cavitation water jet, numerical simulation, V-groove half angle.
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