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JI. Cmpamuee'?

1 IYKOJI Hedbroxum Byprac, bonrapus,

2MuctuTyT 6Mo(GU3NKK N GHOMEMIIMHCKON MHKeHepHH, borapckas akaneMus Hayk,

stratiev.dicho@neftochim.bg

O606menne 10-1eTHEro ONbITa MPOMBILLIEHHON IKCIUIyaTallH ycTaHOBKH rugpokpexknnra H-Oil

B cmamve npoananusuposanuvt cpednezo006vie noxazamenu (C80UCmMea Coipvsi, RPOOYKMOE U YPOBEHb KOHBEPCUlL)
yemanogok euopokpexunea 2yopora H-Oil 3a nepuod 2015-2025 2. npu nepepabomke 35 copmos negpmeil.
Yemanosneno, umo npu noswviuenuu memnepamyput 6 peakmopax ua 1°C u cnuscenuu nazpysxu na 10 m/4 kongepcus
eyopona yeenuuueaemcs va 1%. 3a 10 1em cpedne2000601 yposens kongepcuu yeeauuuics ¢ 43,4 ¢ 2015 2. 0o 86,3%
6 2020 2. Ocaodox npu 2opsuetl purbmpayuu ammocheprHo2o ocmamxa uopoKpekuHea iunetino ymeHoviaemes c 0,4
00 0,1% mac. npu cnuxcenuu obwvemnoii ckopocmu ¢ 0,22 0o 0,12 u™2,

KioueBblie €/10Ba: THAPOKPEKHHT, BAKYYMHBIH OCTATOK, KOHBEPCHS, ac(hallbTCHBL,

MHTEPKPUTEPUATIbHBIN aHAIN3, YMIUPUUECKUE KOPPEISLIHH.

DOI: 10.32935/0023-1169-2025-650-4-3-9

D. Stratiev'?

! LUKOIL Neftohim Burgas, Burgas, Bulgaria,

2 Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of Sciences

Summary of 10 Years of Experience in Commercial Operation of H-Oil Hydrocracker

The article analyzes the average annual performance (properties of feedstock, products and conversion level) of
commercial H-Oil vacuum residue hydrocracking unit for the period 2015-2025 at processing of 35 different crude
oils. It was found that when the reactor temperature increases by 1°C and the throughput decreases by 10 t/h, the
vacuum residue conversion increases by 1%. Over 10 years, the average annual conversion rate increased from 43.4
in 2015 to 86.3% in 2020. The sediment level in hydrocracked atmospheric residue decreases linearly from 0.4 to
0.1 wt% while the liquid hourly space velocity decreases from 0.22 to 0.12 h™2.

Key words: hydrocracking, vacuum residue, conversion, asphaltenes, intercriteria analysis, empirical correlations.

0. X. Yemanoea, C. M. Ilempos, I'. 11. Kalokosa

Kazanckuii HalmoHanbHbIN HCCIe0BaTENbCKUI TEXHOJIOTMUECKUI YHUBEPCUTET

Lfm59@mail.ru

B3auMocBsI3b XMMHYECKHUX THIIOB TsI7KeIbIX HedTell 1 NPUPOAHBIX OUTYMOB

€O CBOJicTBaMH NPOAYKTOB MX JeachalbTU3alMH U aCOPOLUOHHOI 0YHCTKH

B cmamwe paccmompenwvi memooonozuueckue nooxoobl K RPOZHO3HOU OYeHKe GIUAHUSA NPOYeccos deachanbmuzayuu
U A0COPOYUOHHOT OYUCIKU MANHCENbIX Hedhmell U NPUPOOHBIX OUMYMO8, PASIULAIOWUXCS NO XUMUYECKOMY MUNY HA
8bIX00 U KA4eCmE0 KOHEUHBIX NPOOYKMO8, A MAKICE BOSMOICHOCIU UX OANbHEUe20 UCNONIb308AHUSL 6
Heghmenepepabamuiéaiowjeli npomviiunenHocmu. Yemarnoeneno, umo o6onee 20% maccel coeOuHeHull majicenvix
Hegmell u NPUPOOHBIX OUMYMO8, NPUCYIMCMBYIOWUX 80 (pakyusx, svikunarouwux eviuie 350°C, asiaromces KiouesbimMu
KOMnouenmamu 0a306bix MUHEPANbHbIX Macen. Imu KOMIOHEHMbL XapaKmepu3yiomcs 6blCOKUMU UHOeKcamu

GA3KOCMU U HUSKUMU memnepamypamil 3acnibl6anusl, uno denaem ux YEHHbIMU onst npouaeodcm@a CMA304YHbIX



mamepuanos. Taxoice avisgieHbl KOPPETAYUOHHBLIE 3A6UCUMOCTIU, NO3BOIAIOWUE NRPOSHOZUPOBANb OCHOBHbIE (PUIUKO-
XUMU4ecKue C8OUCMEa MUHEPAIbHbIX MACEN, NOTYYEHHbIX U3 PA3IUYHBIX MUNO0E MANCENbIX Hehmell, Ha OCHOge
noKazameJis RPeoMIeHUs, KOMOPbIIL OMPAdXicaen CMeneHb ux a0CopoyUoHHOU OHUCTKU.

KiaroueBble c10Ba: TshKeIbie He()TH, IPUPOIHBIC OUTYMBI, geachanbTU3alus,

aIcOpOIMOHHAs OUUCTKA, 0230BbIe MUHEPATLHBIC MACIIA.

DOI: 10.32935/0023-1169-2025-650-4-10-13

Yu. K. Usmanova, S. M. Petrov, G. P. Kayukova.

Kazan National Research Technological University

The Relationship of Chemical Types of Heavy Oils and Natural Bitumen

with the Properties of Their Deasphaltation and Adsorption Purification Products

The article discusses methodological approaches to predictive assessment of the impact of de-asphalting and
adsorption purification processes of heavy oils and natural bitumen, differing in chemical type, on the yield and
quality of final products, as well as the possibility of their further use in the oil refining industry. It has been
established that more than 20% of the mass of eavy oils and natural bitumen compounds present in fractions boiling
off above 350 °C are key components of base mineral oils. These components are characterized by high viscosity
indices and low pour points, which makes them valuable for the production of lubricants. Correlations have also been
identified that make it possible to predict the basic physico-chemical properties of mineral oils obtained from various
types of petroleum products based on the refractive index, which reflects the degree of their adsorption purification.

Key words: heavy oils, natural bitumen, de-asphalting, adsorption purification, base mineral oils.

K. B. Hlabanun, JI. E. @occ, O. A. Hazopnosa, IO. IO. bopucosa, /I. H. bopucoe

WucTtutyT opranuueckoit u ¢pusznyeckoii xumun uM. A. E. ApOy3oBa ®UIL] Kazanckuit Hayunsiii neatp PAH
veritas777999@mail.ru

CopOunonHasi ¥ KaTATUTHYeCKAs AKTHBHOCTh HOHUTOB HA 0CHOBE He(PTAHBIX ac(aIbTEHOB,

kaTtuoHoB meau (IT) mu mapranuma(Il)

[t cynb@uposantvlx HemAHbIX AChanbmenos, NoayHeHHbIX 6 MASKUX (SP-1) u HcecmKux yciousix

(Sp-2), usyuenwvt ocobennocmu cmpykmypHo-epynno8o2o cocmasa u COpoOYUOHHAsE CROCOOHOCMb NO OMHOUEHUIO K
08YX3aPAOHBIM KAMUOHAM Meou u mapeanya. [loxkazano, umo uzomepmul copoyuu Jlenemiopa, @pevinonuxa,
Iybununa - Paoywxesuya u Temxuna ¢ 8b1cOKOU cmenenbio 00CMO8ePHOCU ONUCHI8AIOM cOpOYUOHHBII npoyecc. Ha
OCHOBAHUU paciema MmepMoOUHAMUYECKUX NAPaAMempPO8 COpOYUL YCIMAHOBIEHO, YO NPOYecc A8JAemcs
CAMONPOU3BOJILHBIM U HOCUM (usuyecKkuli xapakmep. Bviacheno, umo Hauboabuum 3HAYeHUeM NOIHOU CMAmMU4ecKou
obmenHoU emrocmu obnradarom acanrbmenst SP-1, Komopwvle NPoAGIAIOM COPOYUOHHYIO CNOCOOHOCIb HO
OMHOWEHUIO K KAMUOHAM MeOU 8blule, YeM K KamUuoHam mapeanya. Mouumel Ha OCHOGe CYIbupOBaAHHbIX
acganbmenog ¢ copoupoBAHHLIMU KAMUOHAMU MeOU NOKA3AU BbICOKYVIO 3P DEeKMUBHOCHb 8 KAUeCmBe 2emepOSeHHbIX
Kamanuzamopos OKUCAeHUsL 2UOPOXUHOHA NEPOKCUOOM 8000pOId.

KmoueBble c1oBa: achaibTeHbl, CyJIbOUPOBAHUE, KATHOHUT, HOHOOOMEHHBIC MATEPUAIIBI, U30TEPMbI COPOIIH.

DOI: 10.32935/0023-1169-2025-650-4-14-20



K. V. Shabalin, L. E. Foss, O. A. Nagornova, Yu.Y u. Borisova, D. N. Borisov.

Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center, Russian Academy of Sciences
Sorption and Catalytic Activity of lonites Based on Petroleum Asphaltenes,

Copper (1) and Manganese (1) Cations

For sulfonated petroleum asphaltenes obtained under mild (Sp-1) and harsh conditions (Sp-2), the features of the
structural-group composition and sorption capacity with respect to divalent copper and manganese cations were
studied. It was shown that the Langmuir, Freundlich, Dubinin-Radushkevich and Temkin sorption isotherms describe
the sorption process with a high degree of reliability. Based on the calculation of the thermodynamic parameters of
sorption, it was established that the process is spontaneous and has a physical nature. It was found that Sp-1
asphaltenes have the highest value of the total static exchange capacity, which exhibit a sorption capacity with respect
to copper cations higher than to manganese cations. lonites based on sulfonated asphaltenes with sorbed copper
cations showed high efficiency as heterogeneous catalysts for the oxidation of hydroquinone with hydrogen peroxide.

Key words: asphaltenes, sulfonation, cationite, ion exchange materials, sorption isotherms.

B. A. Mumszun, /1. IO. I'naosnes

DAY «25 I'ocHUU xummoTomornn Muno6opoHbs! Poccnm»

25gosniithim@mil.ru

Oco0ennoctu popMUpoOBaHUS JUCIEPCUOHHOI cpeAbl JIACTUYHBIX CMA30K AJIs1 APKTHKH

u Kpaiinero Cesepa

Paccmompenbl 60NpoOChHI ocobennocmeil NpUMeHerUsl niiacmudHblx CMA30K 6 Y371aX mpeHusl NOOBUIICHBIX MEXHUYECKUX
cpeocms npu ux SKCHIYamayu 8 NPUPOOHO-KIUMAMULECKUX YCA08uax Apkmuueckoti 30nbl. Ha ocnosanuu ananusa
memMnepamypHbulx, CKOPOCMHbIX U HAZPY30UHbIX PEACUMOE pabOmbl NAACIUYHBIX CMA30K 6 Y31aX U depe2amax
MEXHUKU 8 YCI0BUAX HUSKUX MEMNEPAmyp U NOBLIUEHHOU 6IIAACHOCIU 000CHOBAHbL KOMNOHEHMbL OUCNEPCUOHHO
cpeobl 8 HauboIbuell cmenenu y00se1emeopsaloujie mpeboeaniis, npeovasisiemsle K NIACIMUYHbIM CMA3KAM,
o0becneyusaowuM Hao0eNCHYI0 IKCIYAMAYUio Y3106 MPEeHUS PA3TUNHOU MEXHUKU.

KuroueBsble cioBa: y37bl TpEHUS, IDIACTUYHBIE CMa3KH, TUCTIEPCHOHHAS Cpea, HU3KOTeMIIepaTypHbIe CBOHCTBA.

DOI: 10.32935/0023-1169-2025-650-4-21-25

V. A. Mityagin, D. Yu. Glyadyaev.

The 25-th State Research Institute of Chemmotology, Ministry of Defence of the Russian Federation

Dispersion Medium Formation Features for Plastic Geases Purposed

for the Arctic and the Far North

The issues regarding the dispersion medium composition impact on the low-temperature rheological properties of
plastic greases to be applied in friction assembly units of mobile technical equipment, purposed for operation in the
natural and climatic conditions of the Arctic zone, have been considered. Application of polysiloxane liquids in a
mineral oil mixture in a ratio that meets the requirements for greases and that ensures reliable operation of friction
assembly units in various equipment in the Arctic and the Far North, is justified.

Key words: plastic greases, dispersion medium, low-temperature properties.



T. U. Cmononozosa

PI'Y nedn u raza um. M. M. I'yOkuHa,

t.stolonogova@yandex.ru

HN3MeHeHne PyHKIHOHATBHBIX XapAKTEPUCTHK 0€H3MHOB B MPUCYTCTBUH CMecCei ITaHOJIAa

u 3¢upa rannepuHa

B cmamve npeocmasnensvt pesynvmamul uccied08anusl 6IUAHUS KUCTIOPOOCOOEPIHCAUe20 COeOUHeHU —
1,3-0u-mpem-6ymunosoeo s¢hupa enuyepuna, CUHMeIUPOBAHHO20 ANKULUPOBAHUEM INUXTOPSUOPUHA, HA PUBUKO-
Xumudeckue u IKCHIYamayuonHble XapaKmepucmuk agmomMooOUIbHuIX OeH3uHos. B xo0e pabomul ObLIU cOCABIEHb
MOOeNbHASL OEH3UHO0B8A CMECh, OEH3UHOBbIE CMECU C PATUUHBIM 00BEMHBIM COOepI*CanuemM 000asKu, d MaKice
MONAUBHBIE CMECU C IMAHONOM U 00OABKOI, 0151 KOMOPLIX OnpedeieHbl OCHOBHble HOPpMUPYeMble HOKA3amenu
Kayecmea asmomoouibHo20 OeH3UHA U NP08edeHa OYeHKa IPHeKmusHOCmu 1 NPUMEHUMOCMU UCCLe0YeMbIX
coeOduneHull 051 UCNOJIb30BAHUSL 8 Kauecmee OKMAaHonosvliuaiowell 00obasku. Bvisasiena naubonee d¢gpexmusnas
KoHyenmpayus 1,3-0u-mpem-0ymunossiii 3¢pup enuyepuna. Ycemanosnerno, umo ucciedyemoe coeOuHeHue

86UQY C80€ll 2UOPOMPONHOCHIU CROCOOHO NOBLLIUAMb (PA308VI0 CMAOUTLHOCH OEH3UHO-IMAHOIbHBIX CMecell
npu HU3KOU memnepamype.

KiueBrble ciioBa: OeH31H, OCH3MHOBBIE CMECH, OKTAaHOTIOBBILIAIONINE 100aBKH, 1,3-1u-TpeT-0yTHiI0BbIH 3¢dup
TIIMIEPHHA, 3TAHOJ, OKTAaHOBHIE XapaKTePUCTUKH, TUTPOCKOMTMYHOCTh TOIUINBA, TIUIIEPHH.

DOI: 10.32935/0023-1169-2025-650-4-26-30

T. 1. Stolonogova.

Gubkin University

Changes in the Functional Characteristics of Gasoline in the Presence

of Mixtures of Ethanol and Glycerol Ether

The article presents the results of a study of the effect of an oxygen-containing compound, 1,3-di-tert-butyl ether of
glycerol (di-TBGE), synthesized by alkylation of epichlorohydrin, on the physico-chemical and operational
characteristics of automobile gasoline. In the course of the work, a model gasoline mixture, gasoline mixtures with
various volumetric additive contents, as well as fuel mixtures with ethanol and an additive were compiled, for which
the main standardized quality indicators of automobile gasoline were determined and the effectiveness and
applicability of the studied compounds for its use as an octane-enhancing additive were evaluated. The most effective
concentration of 1,3-di-tert-butyl ether of glycerol was revealed. It has been revealed that the studied compound, due
to its hydrotropicity, is capable of increasing the phase stability of gasoline-ethanol mixtures at low temperatures.
Key words: gasoline, gasoline mixtures, octane-enhancing additives, 1,3-di-tert-butyl ether of glycerol, ethanol,

octane characteristics, hygroscopicity of fuel, glycerin.

M. III. Maowizynos
WuctutyT kprocdepsr 3emnu TromeHckoro HaygHOTO 1IeHTpa Cubupckoro otaenenus PAH, r. Tiomens

marat747@gmail.com



Oo0pa3oBaHue razoBoro ruipara ppeona-12 Ha 0CHOBe 3aMOPOKEHHBIX BOJHbBIX

pacTBOpOB noJu3pupa

Ipedcmasnenvl IKCnEPUMEHMANbHBIE OAHHBLE O GUSHUIO 3AMOPOICEHHBIX 80OHbIX PACHEOPO8 NOIUIPUPA

Ha CKOPOCb pOCaA 2a306020 2udpama Gpeona-12, npu yukiuueckom usmeHenuy memnepamypul oopaszya om 263
00 276 K. Ilo pesynomamam p-V-T uzmepenuil 8bInoiHeHa OyeHKa cmeneHu npespaujenus 00pasya 6 2a306buli
euopam. Yemanoeneno, umo oobasienue noaudQupa 6 HeboIbUUX KOHYEHMPAYUSIX AKIMUBHO GIUAMD

Ha CKOPOCTb POCA 2A308020 2UOPAm.

KiroueBsle ciioBa: meron p-V-T, 3aMOpokeHHBIE BOIHBIE PACTBOPEI, TOINA(UP, Ta30BbIE THIPATEHI,

TEPMOLIUKINPOBAHNUE.

DOI: 10.32935/0023-1169-2025-650-4-31-34

M. Sh. Madygulov.

Institute of Earth Cryosphere, Tyumen Scientific Center, SB, RAS, Tyumen

Formation of Freon-12 Gas Hydrate Based on Frozen Aqueous Solutions of Polyester

Experimental data on the effect of frozen aqueous solutions of polyester on the growth rate of freon-12 gas hydrate
are presented, with cyclic changes in sample temperature from 263 to 276 K. Based on the results of p-V-T
measurements, an assessment of the degree of sample conversion into gas hydrate is made. It is established that the
addition of polyester in small concentrations actively affects the growth rate of gas hydrate.

Key words: method p-V-T, frozen aqua solution, polyester, gas hydrate, thermocycling.

. A. Juakume, C. T. IHllamcymounosa, ®@. C. Toy3akos, A. A. Kyuuepckasa, /l. C. Konuyvin, A. A. Hoeuros

PI'Y nedtu u raza (HUY) umenu U. M. I'yOkuna;

novikov.a@gubkin.ru

Oosenenenue ruipoGoOHBIX KPEMHE3EMHBIX MOKPHITHI HA METAIIMYECKUX MOAT0KKAX

Tuopogobnvie nokpvimus, noayuaemovle CamocOOPKOU MUKPOUACTIUY KPeMHe3eMd ¢ 00HOBPEMEHHOU NPUBUBKOLL
2UOPOPOOHBIX epynn, CYUWEeCMBEHHO USMEHSIOM CMAYUBAHIUE NOBEPXHOCMU 8000U. Bascroil npobremoti asnsemces
CMOUKOCMb MAKUX NOKPBIMULL K MHO2OKDAMHOMY 00edenenuro. B dannoii pabome nposedeno ucciedosarnue
CMOUKOCMU NOKPHIMUSL K MHOSOYUKILOBOMY 3AMOPANCUBAHUIO/PAZMOPAICUBAHUIO NOO CTOEM B0ObL, A MAKICE OYeHeHa
A02e3UOHHAsI NPOYHOCHDb CLOSL TbOd, 00PA308A8ULE20CS HA NOKPLIMUU.

KiioueBble c10Ba: KpacBoi yroy CMa4nBaHUs, aIr€3UOHHAS TIPOYHOCTh, CAMOCOOPKA, HAHOYACTHIIBI.

DOI: 10.32935/0023-1169-2025-650-4-35-37

D. A. Diakite, S. T. Shamsutdinova, F. S. Touzakov, A. A. Kuchierskaya, D. S. Kopitsyn, A. A. Novikov.

Gubkin University

Icing of Hydrophobic Silica Coatings on Metal Substrates

Hydrophobic coatings obtained by self-assembly of silica microparticles with simultaneous grafting of hydrophobic
groups significantly change the wetting of the surface by water. An important problem is the resistance of such

coatings to repeated icing. In this paper, a study was conducted on the resistance of the coating to multi-cycle



freezing/thawing under a layer of water, and the adhesive strength of the ice layer formed on the coating was
assessed.

Key words: contact angle, adhesion strength, self-assembly, nanoparticles.

C. P. Pacynose, M. b. Aovicezanosa, P. . I'anueea

Asep0OaiikaHCKuil rOCY TapCTBEHHBIH YHUBEPCUTET HE(PTH U MIPOMBIIIIICHHOCTH,

rasulovsakit@gmail.com

JlnarHoCcTHpOBaHNE CTPYKTYPHO# yCTOHYMBOCTH TeUEHHS AHOMAJIbHBIX CHCTEM

B He(pTecOOPHOIi ceTH

Peonoecuueckue uccnedosanus pasiuunvlx copmos Hegpmet, He@mAHBIX cMecell U 600OHEDHMAHBIX IMYIbCULL
NOKA3bI8AIOM, YMO HPU ONPEOCLeHHBIX YCI0GUSIX MONICEM NPOUCXOOUMb NOMEPSL YCIMOUYUBOCIU UX TEUeHUs,
KOMOpast, KaK npasuio, C8A3aHa ¢ BHYMPEHHUMU CIPYKIMYPHbIMU U3MEHeHUusMU U YIpyeocmbio cucmemvl. Taxue
CUCmeMbl OMHOCAMCIA K PEON02UYECKU HEPABHOBECHBIM JHCUOKOCTIAM U KPUGLLE MeyeHUsl 0TI HUX 6 OONbULUHCIGE
cnyuaes Henunelinbl. B pabome nokazana 603mMolNCHOCHb OnpedeieHus KoIph@uyuenma cmpykmypHo yemouuueocmu
npu HATUYUY COBUL08OT DeOPMAYUU C YUemOM AHATO2UY 0D0OUWEHHO20 PEOlo2UYEeCcKO20 YPAGHEeHUS
IKCHOHEHYUANLHO20 MUNA C YPAGHEHUEM TUHEUHOU 853KOYNPY 20Ul HCUOKOCIU MAKCEeLN08cko20 muna. TIpednodcena
3A6UCUMOCHb, KOMOPAs 8 CyHaAe CIMPYKMYPO0OPA3VIowux Hepmetl no360asem oyeHunms 8pems. CMpyKmypHou
penakcayuu, KOmopoe COOmeemcmayem Havany ROmepu CMpyKmypHoU YCMoUYu80Cmu HOMoKo8.

KiroueBble ¢10Ba: CTPYKTypHasl YCTOMYUBOCTD, BPEMsI PEJIAKCAIIUH, PEOJIOTHS,

KPHBbIC TEUCHUSI, HEPAaBHOBECHBIE CUCTEMBI, He()TeCOOpPHAs CETh.
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Diagnostics of Structural Stability of Anomalous Flow Systems

in Qil Collection Network

Rheological studies of various grades of oil, oil mixtures and water-oil emulsions show that under certain conditions
there may be a loss of stability of their flow, which is usually associated with internal structural changes and elasticity
of the system. Such systems are related to rheologically nonequilibrium liquids and the flow curves for them are
nonlinear in most cases. In the work, taking into account that in the presence of shear deformation, the generalized
rheological equation of exponential type, taking into account the structural stability of the system, is an analogue of
the equation of a linear viscoelastic fluid of Maxwell type and its extrapolation makes it possible to determine the
coefficient of structural stability. A dependence is proposed that, in the case of structure-forming oils, allows
estimating the time of structural relaxation, which corresponds to the onset of loss of structural stability of flows.
Key words: structural stability, relaxation time, rheology, flow curves, nonequilibrium systems, oil gathering

network.
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HccnenoBanne npeneibHON rIIyOMHBI BAKYYMa, JOCTUTA€MOT0 OTHOCTYNeHYATHIMH I'HIP03KeKTOPHBIMH
BAKYYMCO3IAKIIIMHA CHCTEMaMH

B cmamve npusedeno cpasnenue numepamypuvix u npaKmuieckux OAHHbIX 0 pabome 00HOCIYNEHYAMbIX
2uopoadicekmopHuvlx eaxyymcosoarouux cucmem (BCC). Ilpedcmasnenvt Oanuvie 0 pabome 8aKyymHo2o 610Kda,
pabomaiowezo 6 pedcume «Cyxoiy nepeconku. Paccmompenvl pacuemnvie u npaxmuyeckue 0anuvle 0 GIUAHUL
memnepamypul pabouetl dcuokocmu Ha gaxyym. Tloxazanvl pe3yiomamsl HOIYNPOMBIULIEHHBIX CTNEHO0BbIX
ucnvimanuil, 20e onpeoeneHa MaKCUMAIbHO 803MOICHAS 2TYOUHA CO30A8AeMO20 8aKyyma 2udpoadcekmoprou BCC
be3 nooayu ricexmupyemoui cpeovl. [Ipedcmasienvt u NPOAHATUIUPOBAHBL CYWECTBYIOUUE MEMOObL CHUNCEHUS
0aenenst HACLIUWEeHHbIX Napo8 YupKyaupyowel pabouetl scuoxocmu. Onpeodenen ob6vem bAIIACMHO20 2a3a,
6bI0ENAIOWE20CS NPU PAZTIUYHOM COOEPAHCAHUU 800bI 8 YUPKYAUpYlowel paboyet scuoxocmu. Tlonyuennvle
pacuemmubvie u IKCNEPUMEHMATIbHBIE OAHHbIE CONOCMAGIEHbL C NYCKOBLIMU U PADOYUMU NAPAMEMPAMU 8AKYYMHO20
broxa, pabomarowezo 8 pedcume «Cyxouy nepe2onku. Paccuumana npedenvhas enybuna 6axyyma, 00Cmueaemozo
00bIuHbIMU 00HOCHYREeHYambiMu 2udposicekmoprvimu BCC. Yemanosneno, umo 2naguvim oepanuyumenem 2ryounvl
BAKYYMA ABNACMCSL IMYTIbSUPOBAHHAS 800 8 PAOOHEl HCUOKOCTILL.

KiaioueBble c10Ba: «Cyxas» BaKyyMHas IIEPEroHKa, pabovast )XUJAKOCTh, MPEACIbHBINA BaKyyM, 1aBJICHHUE
HACBIIIECHHBIX MapOB, OANIACTHBIN ra3, SMyJIbrHPOBAHHAS BOJIA.
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Research into the Ultimate Vacuum Depth Achieved

by Single-Stage Hydraulic Ejector of Vacuum Generating Systems

The article presents a comparison of literature and practical data on the operation of single-stage hydraulic ejector
vacuum generating systems. Data on the operation of a vacuum unit operating in the "dry" distillation mode is
presented. The calculated and practical data on the effect of the temperature of the working fluid on the vacuum are
considered. The results of semi-industrial bench tests are shown, where the maximum possible depth of the vacuum
created by the hydraulic ejector vacuum generating systems is determined without supplying the ejected medium. The
existing methods of reducing the saturated vapor pressure of the circulating working fluid are presented and analyzed.
The volume of ballast gas released at different water contents in the circulating working fluid is determined. The
calculated and experimental data obtained are compared with the starting and operating parameters of a vacuum unit
operating in the "dry" distillation mode. The maximum vacuum depth achieved by conventional single-stage hydraulic
gjector vacuum generating systems is calculated. It has been established that the main limiter of the vacuum depth

is the emulsified water in the working fluid.

Key words: "dry" vacuum distillation, working fluid, maximum vacuum, saturated vapor pressure,

ballast gas, emulsified water.
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OneHka TeXHHKO-3KOHOMMYecKO# 3¢ (peKTHBHOCTH IBYXCTYNEHYATBIX

THAPOIKEKTOPHBIX BAKYYMCO3IAI0IINX CHCTEM

B cmamve npusedenuvt ocnosHvie HedocmamKu cO8PEMEHHBIX OOHOCMYNEHYAMbIX 2UOPOINHCEKTNOPHBIX
saxyymcosoarowux cucmem (I BCC). Paccuumanvt u npugedenvl cpasHumenvuble XapaKmepucmuxi
osycmynenuamuix I BCC, onpedenena naubonee appexmusnas uz nux. Illokazamvl Xapakxmepucmuxu u 6axKyymMHO20
610xka oonoeo us poccutickux HII3 ¢ osyxcmynenuamoii I BCC. Paccuumanul cpasrumenvhvie mexHuKo-
IKOHOMUYECKUEe NOKA3amenu 0OHOCHYNEeHYAMBbIX U HOBOU 08YXCIYNEHYAMOU 2UOPOINHCEKMOPHBIX 8AKYYMCO30AI0OUUX
cucmem. Ilpedcmasnena cpasHumenvHas pazeouka 8aKyyMHO20 CONAPA CYWECMBYIOUUX YCIMAHOBOK C
oonocmynenyamvimu I’ BCC, pabomarowux 6 pexcume Cyxou nepeconKu, a maxice ¢ nooadeli 600sH020 napa u
yemanoeku C dgyxcmynenuamoti I BCC. Ilpugedenvl cpasHumenvHble mexHUKO-3KOHOMULECKUE XAPAKMEPUCTUKY
8aKYYMHBIX DJI0K06 ¢ 08yxcmynenuamou u oonocmynenyamoimu I BCC.

KiroueBble c10Ba: THAPOIKEKTOPHAS. BAKYYMCO3IAIOIIAsl CUCTEMA, ABYXCTYIIEHUATas TUAPOIKEKTOPHASL
BaKyyMCO3/Ial0IIas CUCTEMa, BAKyYMHBIH OJIOK, OTOOP JUCTUILIATOB, yAEIbHBIE 3aTPATHI.
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Evaluation of Technical and Economic Efficiency

of Two-Stage Hydraulic Ejector of Vacuum Generating Systems

The article presents the main disadvantages of modern single-stage hydraulic ejector vacuum unit. The comparative
characteristics of two-stage hot water pumps are calculated and presented, and the most effective of them is
determined. The characteristics of the vacuum unit of one of the Russian refineries with two-stage hot water are shown.
Comparative technical and economic indicators of single-stage and new two-stage hydraulic ejector vacuum unit are
calculated. A comparative acceleration of the vacuum solar system of existing installations with single-stage hot water
pumps operating in dry distillation mode, as well as with steam supply and installations with a two-stage hydraulic
ejector vacuum unit is shown. Comparative technical and economic characteristics of vacuum units with two-stage and
single-stage hot water pumps are given.

Key words: hydro-ejector vacuum unit, two-stage hydro-ejector vacuum unit, vacuum distillation unit, distillate

selection, unit costs.
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The Effect of Sulfonated Nonylphenol Derivatives

on Methane Hydrate Formation



This study investigates promising reagents for gas hydrate formation as an alternative technology for storage and
transportation of natural and associated gas. The use of sulfonated nonylphenol derivatives is proposed as hydrate
formation promoters. Through chemical modification sulfonation it is possible to significantly enhance their ability
to accelerate methane hydrate formation. Experimental studies conducted under laboratory conditions using
autoclaves equipped with stirring systems confirmed the effectiveness of these compounds in methane hydrate
formation.

Keywords: nonylphenol, sulfonation, methane hydrate, conversion, promoter, stirring.
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Amino Acids Modified with Nitrilotriacetic Acid as Kinetic Promoters for CO2 Hydrate Formation
Hydrate-based CO: capture and storage (HCCS) is a promising approach for the safe and energy efficient handling
of carbon dioxide. However, its practical implementation is hindered by the inherently slow kinetics of hydrate
formation. To address this limitation, we investigated a new class of biocompatible, non-foaming kinetic promoters
based on modified amino acids and nitrilotriacetic acid (NTA+AA), effective at low concentrations (0.05 wt%). The
performance of these compounds was compared with that of the conventional surfactant sodium dodecyl sulfate
(SDS) and with unmodified amino acids such as methionine, norleucine, glutamic acid and tryptophan.
High-pressure autoclave experiments under dynamic stirring conditions demonstrated that most NTA+AA
compounds exhibited significantly shorter induction times, higher water-to-hydrate conversion, and increased CO:
uptake compared to both SDS and the parent amino acids. The most favorable results were observed for the
NTA-+Met system, which showed an induction time of 34 minutes, a time to reach 90% conversion of 95 minutes, a
CO: uptake of 0.086 mol/mol, and a water-to-hydrate conversion of 56.2%. These values exceeded those obtained
for SDS and unmodified methionine. Notably, all NTA+AA solutions remained foam-free under vigorous stirring and
during hydrate dissociation, offering a considerable practical advantage over traditional surfactants. The NTA+Nva
promoter also demonstrated high efficiency (57.4% conversion, 0.088 mol/mol CO: uptake), albeit with a slightly
slower hydrate growth rate. Overall, NTA+Met can be considered one of the most effective and environmentally
benign kinetic promoters for CO2 hydrate formation among the compounds evaluated in this study.

Keywords: gas hydrates, carbon dioxide hydrates, greenhouse gas storage, hydrate formation promotion, amino

acids, kinetic hydrate promoters, carbon dioxide utilization, CO2 capture and storage, greenhouse gas storage.
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Fracture Initiation and Propagation in Hydraulic Fracturing

of Tight Reservoirs

Hydraulic fracturing represents a prevalently utilized and efficacious technique for augmenting the permeability of
tight reservoirs, and it has been extensively employed in oil and gas field engineering scenarios to facilitate the
efficient exploitation of tight oil and gas resources. The most critical issue in hydraulic fracturing is the initiation
and propagation of fractures, which determine the effectiveness and extent of the fracturing process. There are
abundant shale oil resources in the Chang 8 reservoir of the Ordos Basin; however, studies examining the influence
of interlayer and multilayer system lithology on hydraulic fractures remain limited. In this paper, using the method
of true triaxial fracturing physical test, the hydraulic fracture initiation and propagation of various tight reservoirs
were conducted with the Ordos Basin Chang8 Reservoir, and the effects of injection rate, type of fracturing fluid,
lithology, and interlayer thickness on the initiation and propagation of hydraulic fracturing fractures were
investigated. Results show that increasing injection rate promotes faster and more complete initiation and
propagation of fractures. CO2 has a lower viscosity and stronger compressibility, which enables the fluid to enter
the pore space and create a localized pressurisation effect, thereby assisting in the generation of more complex
fracture patterns. The mudstone samples display uncertain fracture propagation directions owing to their plastic
characteristics, while the fractures in sandstone samples exhibit more regular patterns due to their higher
brittleness. The fractures in the sand-mud interbedded specimens tend to form in the more brittle sandstone,
expanding in the direction of maximum stress and then turning as they encounter the more plastic mudstone,
eventually forming an ““I”” shape. The thickness of the interlayer does not significantly impact fracture propagation,
while the orientation of the interlayer significantly affects the fracture expansion path.

Keywords: tight reservoirs, hydraulic fracturing, initiation, expansion, Chang8.
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Prediction of Oil Well Condition on the Splitting of Well Power Curve Characteristics

In order to reasonably split power curve characteristic parameters and predict well conditions, this study first
analyzes the method of splitting oil well power curve characteristic parameters. Based on this, the big data-based
well condition prediction algorithm is explored. Finally, the prediction effect of well conditions is analyzed. The
research lays the foundation for accurately determining the operating status of downhole equipment and optimizing
the pump parameters. The study shows that the local characteristic parameters of the oil well power curve are
interrelated yet have their own characteristics. By calculating their real-time values and comparing them with the
historical normal range, it is possible to accurately predict various conditions, such as insufficient fluid supply and
wax deposition. During the well condition comprehensive diagnosis and prediction process, when the results

indicate insufficient fluid supply, gas interference, or wax deposition, the system will mark the well as pending



comprehensive diagnosis. If other issues are detected, an alarm will be triggered directly. For wells under
comprehensive diagnosis, the system calculates the daily power curve characteristic parameters at 0:00 each day
and compares them with the normal power curve parameters. If any parameter exceeds the normal range, a
categorized alarm will be triggered. A large load difference indicates wax deposition; a reduction in effective stroke
signals insufficient fluid supply; other parameter changes indicate corresponding real-time diagnosis results. The
research concludes that accurately predicting the condition of the oil well can help optimize oil extraction strategies,
improve liquid production capacity, extend equipment lifespan, and enhance the overall recovery rate of the oil field.
Keywords: oil well, power curve characteristic parameters, splitting method, well condition prediction, prediction

effect.
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Paleoenvironmental Changes in Organic Matter Deposition in Shales

and Their Significance for Shale Gas Exploration

The Lower Silurian Longmaxi Formation is a key stratigraphic layer for shale gas exploration and development in
the Middle Yangtze Block. The organic matter content of this formation is a crucial indicator of the shale gas
enrichment. However, no systematic comparative research has been conducted on the factors controlling the organic
matter enrichment of the shale in the western Middle Yangtze Block. In this paper, we compare the sedimentological
and geochemical characteristics of the Longmaxi Formation shales in the passive continental margin and cratonic
depression in the western Middle Yangtze Block in order to explore the main controlling factors and formation
patterns of the differential organic matter enrichment. The results show that the section of the shale with a total high
organic carbon (TOC) content is located at the bottom of the Longmaxi Formation, and it formed in a foreland
flexural subsidence setting characterized by low terrestrial input, high paleoproductivity, and good preservation
conditions. Subsequently, as the flexural migration gradually strengthened and the sea level continued to decline, the
shale experienced increased terrestrial input and deteriorating preservation conditions. However, the
paleoproductivity level was weakly affected by the sea level decline, exhibiting a gradual increase; this was mainly
due to the fact that the flexural migration caused the gradual opening of the barrier in the northern Yangtze Basin
and the gradual increase in the influx of ocean currents. Therefore, vertically, the decrease in the TOC content in the
Longmaxi Formation was mainly controlled by the deterioration of the preservation conditions and the increase in
the terrestrial input. Laterally, the shale transitioned from the passive continental margin to the cratonic depression,
with decreasing sea level and ocean current activity, along with deteriorating preservation conditions and
paleoproductivity levels, leading to a decrease in the TOC content. As a result, the focus of shale gas exploration
and development in the Longmaxi Formation should be focused the northwest region. The results of this study have
significant implications for gaining a deeper understanding of the evolution of the paleoenvironment of the
Longmaxi Formation shales and the mechanisms of organic matter enrichment and thus provide guidance for shale

gas exploration practices.
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Study on Pressure Drop in Wellbore of Horizontal Wells

Considering Its Wellbore Trajectory Effects

Liquid accumulation in wellbores severely impacts pressure distribution in low-permeability gas fields, leading to
increased pressure drop, impeded drainage, and reduced gas production and recovery. The complexity of
liquid-loading mechanisms and pressure drop patterns in horizontal wells arises from variations in the curvature
radius of deviated sections and undulating trajectories within reservoirs. This necessitates urgent investigation into
the effects of wellbore trajectory on pressure distribution. An experimental platform was designed based on the
Froude similarity criterion to simulate gas-liquid two-phase flow. Key parameters investigated include the number of
undulations, wellbore inclination angle, build-up rate of deviated sections, and liquid-gas ratio. Increased
undulation frequency leads to a significant rise in pressure drop within subsequent uphill pipeline segments. The
mean pressure drop in uphill section a (3.351 kPa) is approximately 37.4% lower than that in section ¢ (5.353 kPa),
demonstrating a cumulative pressure loss effect with repeated elevation changes. Reduced undulation gradient
decreases overall pressure drop. When inclination decreases from 9° to 3°, pressure drops in sections a and ¢
decline from 3.787 kPa to 3.073 kPa and 5.700 kPa to 5.11 kPa, respectively. Higher build-up rate intensifies
pressure drop. Increasing build-up rate from 3°/30m to 5°/30m raises the average pressure drop in deviated sections
from 9.653 kPa to 11.477 kPa. Lower liquid-gas ratio reduces pressure drop. Decreasing the ratio from 1.6 m3/10*
m? to 0.6 m%10* m® reduces average pressure drops: Sections a and ¢: 3.787 kPa [_R.62 kPa; 5.7 kPa []5.553 kPa;
Section b (downhill): 2.22 kPa [ ]1.850 kPa; Section d (deviated): 10.04 kPa []9.73 kPa. These findings elucidate
the impact of wellbore trajectory on pressure loss, providing critical insights for optimizing drainage strategies in
field operations.

Keywords: wellbore pressure drop, gas-liquid two-phase flow, wellbore liquid loading, wellbore undulation gradient,

build-up rate.
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Preparation and Performance Evaluation

of the CQ-1 High-Temperature Acid Corrosion Inhibitor

The Mannich base corrosion inhibitor CQ-1 was synthesized using cinnamaldehyde, piperazine, and aniline as the
primary reagents. The successful synthesis of the product was confirmed by infrared spectroscopy. The corrosion
inhibition performance in hydrochloric acid solution was evaluated through weight loss measurements, scanning
electron microscopy (SEM), electrochemical polarization, and electrochemical impedance spectroscopy (EIS). The
corrosion inhibition mechanism was further validated through molecular simulations and thermodynamic
calculations. The results indicated a positive correlation between corrosion rate and inhibitor concentration. At
200°C, with a 6% mass fraction of the inhibitor, the corrosion rate was 61.9961. The polarization curve revealed
that the inhibitor behaves as a mixed-type corrosion inhibitor. Thermodynamic calculations were consistent with the
Langmuir adsorption model. Molecular dynamics simulations indicated that the CQ-1 inhibitor has a molecular
energy gap of 1.815 eV and an adsorption energy of -3436.69 kcal/mol, demonstrating a strong tendency for
adsorption on the metal surface and structural stability. Experimental results showed a strong correlation with
theoretical findings, providing valuable insights for the development of high-temperature corrosion inhibitors.
Keywords: acidizing corrosion inhibitor, Mannich base, polarization curve, molecular dynamics simulation,

microscopic morphology.
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Analysis of Oil Reservoir Distribution Patterns in Mid-Deep Lacustrine Fan

With the strengthening of exploration efforts in Bohai, lithologic traps have gradually become new exploration
targets. The Luda 10-56 well area is a newly evaluated gas field dominated by lacustrine fan deposits in Bohai. Well
exploration has confirmed that the lacustrine fan has complex rock physical properties and indistinct reflection
characteristics. The lithologic sand body reservoir changes rapidly laterally. The distribution range of sand bodies
and their internal connectivity relationships are very complex. With limited oil field data, seismic and geological
approaches were combined to form a new workflow for detailed characterization of lacustrine fan reservoirs. First,
sedimentary microfacies research was conducted based on seismic geomorphological feature analysis in
paleoenvironmental settings, which provided favorable facies belts and qualitative predictions for reservoir
prediction. Meanwhile, morphology inversion technology based on facies-controlled modeling was used for
guantitative reservoir prediction. The purpose of facies-controlled reservoir prediction is to combine microfacies
analysis (a genetic method) with inversion-rock physics (a numerical analysis method) to improve the accuracy of
reservoir prediction. The above detailed characterization techniques laid a reliable foundation for early
development plan research and also have guiding significance for the study of other similar lacustrine fans in the
area.

Keywords: Lacustrine fan, seismic facies, seismic sedimentology, seismic attributes.



Jingyuan Liu'?, Jiahao Wang*?, Xiaojing Wei?, Lixia Kang* Chaogi Zhang®, Jianjun Gao®, Yushuang Zhu?s

1 School of Earth Sciences and Engineering, Xi’an Shiyou University, Xi’an, Shaanxi, China;

2 Shaanxi Key Laboratory of Petroleum Accumulation Geology, Xi’an, Shaanxi, China;

3 Zhongyuan Measurement and Control Company, Sinopec Jingwei Company, Puyang, Henan, China;

4 Fourth Qil Production Plant,Changging Oilfield Branch,Yulin, China;

®Sinopec Zhongyuan Qilfield Exploration and Development Research Institute, Puyang, China;

® Geological Research Institute of XDEC(Logging Engineening Branch), Karamay, Xinjiang, China.
ospy2019@163.com

Tight Oil Composite Accumulation Mechanism in Ordos Basin Oil Layers

With the continuous decrease of conventional oil and gas resources in the Ordos Basin, oilfield development has
gradually shifted towards unconventional resources such as tight oil. To address this, research was conducted on the
accumulation mechanism and geological ““sweet spot™ distribution patterns of tight oil in Yanchang Oilfield. Three
types of advantageous tight oil zones were classified, their geological parameter indicators were explored, and the
influencing factors of tight oil distribution in Chang 7 and Chang 8 layers were determined from two aspects:
geological “sweet spot™ influencing factors and engineering “sweet spot” influencing factors. Research shows that
the sandstones of Chang 7 and Chang 8 oil layers in the study area are generally low-permeability tight lithologic
reservoirs with no obvious oil-water differentiation. The oil layers are controlled by reservoir physical properties
and sedimentary facies zones. The oil reservoir interface generally presents a gentle west-dipping monocline
structure. Locally developed low-amplitude nose uplift structures have no obvious relationship with the range of oil
reservoir traps and the distribution of main oil layers. The Chang 7 and Chang 8 oil layers in the Ordos Basin
mainly have two types of source-reservoir configurations: ‘‘source-reservoir’” integrated type and
““source-reservoir” adjacent type. Among them, Chang 822 belongs to Class | sweet spot area, Chang 82* belongs to
Class 111 sweet spot area, Chang 812 belongs to Class | sweet spot area, Chang 81! belongs to Class 111 sweet spot
area, and the northern Yuchahua 18 area of Chang 72 is a Class | sweet spot area, while the Yuchahua 50 well area
is a Class 1l sweet spot area.

Keywords: Chang 7 and Chang 8 tight oil, accumulation mechanism, Ordos Basin.
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Factors Analysis of Affecting Reservoir Fracture Expansion

in the Aspect of Revelation of Chemical Kinetics Mechanism

Based on Artificial Intelligence



The present study aims to explore the influence of rheological parameters of fracturing fluid and reservoir material
parameters on the law of fracture expansion in unconventional reservoirs. A fluid-solid coupling model has been
constructed, utilising artificial intelligence technology, with the aim of analysing the coupling behaviour between
water-based fracturing fluid and reservoir rock in low-permeability reservoirs. Concurrently, the cracking criterion
and rock damage criterion of brittle materials such as low-permeability rocks are established to analyse the
influence of different factors on the law of reservoir fracture expansion. Finally, molecular dynamics and
microscopic analysis of chemical fluids reveal the expansion mechanism of water-based fracturing fluid on reservoir
fractures. The outcomes demonstrate that the rheological parameters of water-based fracturing fluid exhibit
remarkable enhancement of reservoir fractures, predominantly attributable to the markedly minimal fracturing fluid
filtration under elevated viscosity. While the effect of reservoir temperature on fracturing fluid viscosity is negligible,
the formation of a 65m fracture at 180°C does suggest a positive correlation between reservoir temperature and
fracture expansion. Furthermore, it is evident that reservoir pressure and elastic modulus also exert an influence on
the crack expansion law of water-based fracturing fluid, a phenomenon that can be elucidated by molecular
dynamics and rock mechanics. This study provides a foundation for the application of artificial intelligence in the
transformation of water-based fracturing fluids within reservoirs.

Keywords: enhanced oil recovery, reservoir transformation, artificial intelligence, water-based fracturing, low

permeability reservoir.
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Machine Learning Based Fracturing Capacity Prediction Study

for Horizontal Wells in Oilfields

Tight oil and gas resources occupy a considerable proportion in China’s petroleum resource reserves, and the dense
lithology and poor physical properties of tight reservoir reservoir reservoirs determine that the exploitation of tight
reservoirs becomes very difficult. Large volume fracturing technology is the core technology for the successful
development of tight reservoirs, which aims to improve the inflow capacity of the reservoir and expand the drainage
area, and has been widely used in the field. There are many factors affecting the production capacity of wells after
fracturing, which makes it difficult to predict the production capacity of volumetric fracturing wells. Therefore In
this paper, based on the horizontal well capacity prediction model of machine learning, BP neural network and
support vector machine are used to predict the capacity of three decreasing stages, and by comparing with the data
generated by the seepage mathematical model of volumetrically fractured horizontal wells, the root-mean-square
error (RMSE) and the coefficient of determination (R2) are computed, and the improved method combining the two
algorithmic models, i.e., the combined prediction model, is proposed. The results show that it is better than the single

prediction model of BP neural network and support vector machine in terms of prediction accuracy and stability.



Using the established combined prediction model method to give two examples of the application of volume
fracturing horizontal well production prediction in tight oil reservoirs. The method of optimal design of fracturing
parameters for volumetric fracturing horizontal wells is established, and combined with the actual data of a
horizontal well in a tight oil reservoir, the optimal design of fracturing parameters is carried out for the completed
well to be fractured M well.

Keywords: tight reservoirs, horizontal well fracturing, machine learning, production capacity prediction.
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Bedding Plane Effect and Pulsation Regulation Mechanism

of Fracture Propagation in Shale Gas Reservoirs

Faced with the complex problem of fracture initiation and propagation in shale gas reservoirs caused by developed
bedding planes, geomechanically parameter heterogeneity, and natural fracture anisotropy, existing commercial
software and models fail to accurately describe fracture propagation laws due to insufficient consideration of
bedding planes and reservoir anisotropy. Based on the lithological characteristics of shale, a mathematical model
integrating wellbore pressure wave amplitude, reservoir perforation flow distribution friction, and pressure wave
time-lag response constraints was established. By introducing a dynamic correction formula for perforation friction
coefficients, the influence of proppant erosion on perforation flow coefficients was quantified. Taking a shale gas
well (total depth 6530 m, horizontal section length 2130 m) as a case study, the evolution characteristics of fracture
propagation volume under different pulse frequencies were simulated by integrating field fracturing parameters
(displacement 11-18 m3min, pulse frequency 0.001-0.7 Hz). The results show that there is a nonlinear correlation
between pulse frequency and fracture propagation efficiency: the growth rate of fracture propagation volume is the
highest at medium frequencies (0.3-0.5 Hz); excessively high frequencies (0.7 Hz) slow down the efficiency due to
stress interference effects; and low frequencies (<0.02 Hz) limit fracture extension due to insufficient stress
disturbance.

Keywords: shale gas reservoirs, pulse frequency, fracture propagation, fracturing monitoringl introduction.
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Research on Energy Consumption Optimization Model

for Compressor Units in Oil and gas processing facility



With the increasing global focus on energy efficiency and environmental protection, the energy consumption of
compressor units has gradually become a research hotpot. This study integrates process simulation with machine
learning optimization to establish a simulation model of the Fan 6 station compressor unit utilizing Aspen
software.The model’s reliability is rigorously validated through comparative analysis with field-collected
operational data. Based on 1000 sets of simulation data, machine learning methods are employed to optimize and
analyze the energy consumption of the compressor unit, establishing an energy consumption optimization model for
the compressor unit. This achieves a global optimal energy consumption analysis under different operating
conditions, establishing both theoretical foundations and actionable operational guidelines for energy consumption
optimization of compressor units at various stations.

Keywords: compressor unit, simulation; energy consumption optimization, machine learning.
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Research on Composition and Performance Evaluation

of Environmentally Friendly Vegetable Gum Drilling Fluid system

The main treating agent of the vegetable gum drilling fluid system is preferred and evaluated on account of its good
performance. Based on the laboratory orthogonal experimental research, it is confirmed that the composition of
vegetable gum drilling fluid include: water + 3%bentonite + 0.6%soda ash + 0.4%ZWJ-B(vegetable gum, natural
polymer coating agent)+1-1.5%ZWJ-J(vegetable gum, natural polymer filtrate reducer) + 2-3%HX-KYG(high
temperature stabilizer, filtrate reducer) + 0.2%XC-T (high temperature protective agent, viscosifier) +
2%SWH-F(inhibitor, formation sealing and anti-caving agent) + 2%SWH-R+3-4%polyethylene glycol + barite +
15%weigh3(deoxidant, water soluble weighting agent). It is indicated from laboratory performance evaluation that:
the shale recovery rate of the vegetable gum drilling fluid system is up to 96.76% with low core expansion rate, good
inhibition performance, 9mL high temperature and pressure water loss, 1mm mud cake, 0.05 mud cake friction
coefficient, and lowest friction coefficient of different fluids and friction surfaces, at the same time the oil layer
protection effect is better than other water-based drilling fluids and the temperature resistance up to 180°C. The
evaluation results show that the vegetable gum drilling fluid system EC50 is greater than 30000 mg/L, which meets
the national marine | level emission standards. And it is non-stimulating to the eyes and skin, non-toxic, and easily
biodegradable.

Keywords: vegetable gum, treating agent, drilling fluid, performance evaluation.
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Numerical Investigation of Cement Sheath Interface Integrity

during Hydraulic Fracturing of Coalbed Methane Well

The issue of cement sheath sealing failure hinders the development of coalbed methane (CBM). The direct cause of
cement sheath sealing failure is damage at the cement sheath interface, but the specific failure modes remain unclear
and require targeted research. This study establishes a casing-cement sheath-formation assembly model for CBM
wells and uses numerical simulation methods to investigate the effects of wellbore pressure changes during actual
fracturing operations on the assembly. The stress-strain distribution on the wellbore wall and cement sheath bonding
interface, as well as the displacement distribution of the casing-cement sheath-formation assembly during fracturing,
are analyzed. Combined with the simulation results of interface integrity, the failure characteristics of the cement
sheath bonding interface in CBM wells are identified. The redistribution of stress states in the casing-cement
sheath-formation assembly caused by wellbore pressure changes, along with the combined effects of operational
pressure and in-situ stress, leads to elliptical deformation of the casing. During fracturing, the strain in the assembly
is minimal, and the bonding interface is damaged due to internal stress changes in the assembly. After the pressure
testing phase, large-scale failure occurs in the casing-cement sheath interface outside the maximum principal stress
direction and in the cement sheath-formation interface outside the minimum principal stress direction. The failure
mode of the bonding interface is shear failure. The research results contribute to understanding the failure modes of
the cement sheath bonding interface in CBM wells and provide guidance for optimizing cement sheath parameters.

Keywords: coalbed methane well, hydraulic fracturing, cement sheath interface, integrity, numerical simulation.
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Analysis of Reservoir Physical Properties and Emulsification Law of Crude Oil

China is rich in unconventional oil and gas resources, and the Jimushar Depression in the eastern uplift of Junggar
Basin has a large longitudinal span and a wide planar distribution, with abundant shale oil resources, and the
large-scale development has been carried out in a comprehensive manner. The shale oil in the Jimushar Depression
has the characteristics of overall consistency and poor fluidity, etc. At present, the reasons for the emulsification of
crude oil and the influencing factors have not been clarified, which greatly affects the extraction of crude oil. In this
paper, the interaction between crude oil and formation water is simulated by different conditions such as water

content, mineralisation, water quality, guanidine gel concentration, alkali concentration, etc. The causes of crude oil



emulsification and the influencing factors of emulsion stability in M horizontal wells are investigated, so as to
provide a basis for the smooth extraction of shale oil. The results show that the lower the water content of crude oil
is, the stronger the stability of emulsion is, and the mineralisation degree plays a key role in the emulsification of
crude oil. Under the condition of the same guanidinium gel concentration, the higher the guanidinium gel
concentration, the more unfavourable to the crude oil emulsification; when the guanidinium gel concentration is
0.2% or less, the crude oil has good emulsification and stability; when the guanidinium gel concentration is 0.3%,
the crude oil breaks the emulsion quickly; the concentration of 0.2% sodium hydroxide solution has strong emulsion
breakage for the emulsion, and the strong alkali is unsuitable for the on-site application.

Keywords: reservoir physical properties, crude oil emulsification, mineralisation, guanidine gum concentration,

alkali concentration.
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The Impact of Carbon Dioxide Fluid Environments on the Integrity

of Cement Sheath and Bonding Interfaces of a Wellbore

With the growing adoption of CCUS-EOR (Carbon Capture, Utilization, and Storage-Enhanced Oil Recovery)
projects, wellbore integrity under CO2 exposure has become a critical concern. High-temperature, high-pressure
(HTHP) conditions exacerbate COz-induced corrosion, threatening cement sheath and casing integrity, potentially
leading to leakage and environmental hazards. This study investigates CO2 corrosion effects on two cement systems
(conventional and hollow-particle-modified) and three casing materials (Q125, 3Cr, 13Cr). Static corrosion
experiments were conducted at 80-120°C and CO: partial pressures of 15-30 MPa (50-100% concentration) for 28
days. Phase composition and microstructure were analyzed via XRD and SEM, while interface integrity was
evaluated pre- and post-corrosion. Cement Systems: Both systems formed similar hydration products (e.g., calcium
silicate hydrates), but System #2 (with hollow particles) exhibited additional SiO2 and CsS2CQOs phases, enhancing
high-temperature stability. Post-corrosion, SiO. dominated as the primary product, with CaCOs transitioning from
calcite (<90°C) to aragonite (>110°C). System #2 showed denser microstructures and reduced porosity, indicating
superior corrosion resistance. After corrosion, Q125 and 3Cr interfaces exhibited cement loosening and
micro-pores, while 13Cr interfaces remained intact. System #2 paired with 13Cr casing demonstrated minimal
degradation, highlighting optimal sealing integrity. The hollow-particle-modified cement (System #2) improves
corrosion resistance, particularly when combined with 13Cr casing. These findings provide critical insights for
designing durable wellbore systems in CCUS-EOR applications, mitigating leakage risks under HTHP CO:
environments.

Keywords: CO2 corrosion, cement sheath integrity, casing-cement interface, microstructure, cement slurry system.
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Explaining the Sustained Annular Pressure in High Pressure Ultra-Deep Gas Well

with Tie-Back Casing through Numerical Simulation

Sustained annular pressure in the tieback casing annulus of ultra-deep gas wells significantly affects the long-term
safe and stable production of the well. Based on the actual case of sustained annular pressure in the tieback casing
annulus, this study analyzes the pressure variations in the wellbore caused by changes in the wellbore fluid density.
A finite element numerical model was established to examine the distribution patterns of micro-annuli, and a
mathematical quantitative relationship between micro-annuli and the combined permeability of the cement sheath
was developed. The study also investigates the variation in gas leakage rate with changes in cement sheath
permeability. The results show that wellbore pressure variations and the effective stress within the micro-annuli are
the primary causes of cement sheath seal integrity failure. The micro-annuli leads to a significant increase in the
permeability of the cement sheath, which in turn allows high-pressure gas to leak to the wellhead, resulting in
sustained annular pressure. This study provides a theoretical basis for the control of seal integrity in the tieback
casing of ultra-deep gas wells.

Keywords: ultra-deep gas well, tie-back casing, cement integrity, micro annulus distribution, gas leakage rate.
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Numerical Simulation Study on CO: Injection to Enhance Oil Recovery in Tight Reservoirs

The oil recovery of Lianchi tight oil reservoir Da’an Zhai section was lowly and development was difficult, then
carried out the numerical simulation study of CO: injection in Lianchi tight oil reservoir. Established the CO:
development numerical model of Lianchi oilfield (double pore model and compositional model) through combined
the reservoir characteristics of Lianchi oilfield and fluid properties. Respectively predicted the increasing oil effect
of three injection-production methods with displacement mode, CO2 huff and puff, cyclic huff and puff mode.
Evaluated the development effect on the basis of CO2 oil draining rate and the increment of oil recovery. The results
showed that, the development effect of cyclic huff and puff mode was best in three kinds of gas injection modes, the
best time of well shut in was 3 months, the injection-production cycle of CO2 cyclic huff and puff was 4 years. At the
same time, the optimal scheme of the gas injection was determined through comparative research, which provided

the technical reference for the development of Lianchi oilfield for injection CO..
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Optimizing Development Strategies for Low-Porosity Fractured-Block Reservoirs

This study comprehensively analyzes and evaluates the development scheme of Bai 802 well fractured-block
Carboniferous reservoir in Nine Area of Karamay Oilfield. The reservoir is located in the northwestern edge of
Junggar Basin, and is a fractured-block reservoir with dual fracture-porosity media under tectonic control. The
study begins with a detailed description of the geological characteristics of the reservoir, including stratigraphy,
tectonics, reservoir properties, and fluid properties. Based on the special situation of the reservoir, the development
program adopted horizontal well volume fracturing technology to increase the recoverable reserves and oil recovery
efficiency of the reservoir. The longitudinal span of the reservoir and the type of reservoir space were considered in
the program design, and reasonable well spacing and horizontal section length were determined. Through
comprehensive well test method, analogy method and economic limit production capacity method, single well
production capacity was predicted, and 20 horizontal wells were deployed as a whole to achieve a new production
capacity of 10.8:10* tons. The review stated that the scheme design is reasonable and aligns with the actual
reservoir, and also offered suggestions to further optimize the well spacing and improve the degree of well control.
This study offers important references and lessons for effectively developing similar low porosity and extra low
permeability reservoirs.

Keywords: reservoir development, horizontal wells, volumetric fracturing, Karamay oil.
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A Perforation Density Optimization Method for Limited-Entry Fracturing

Considering Injection-Production Fluid Balance

Fracturing stimulation serves as a vital technigue for enhancing unconventional reservoir development, where

limited-entry fracturing (LEF) plays a critical role in achieving uniform cluster activation. However, uneven fluid



distribution among clusters often leads to limited effective fractures and imbalanced production profiles, severely
compromising reservoir productivity. To address these challenges, this study proposes an optimization method for
perforation density in LEF, aiming to improve injection-production balance along horizontal wellbores. A coupled
flow model integrating fracturing fluid injection and production phases is established, incorporating reservoir
heterogeneity and perforation erosion effects. Field case analysis reveals that conventional uniform perforation
schemes preferentially allocate fracturing fluid to heel-end clusters, causing localized over-fracturing while leaving
toe-end clusters under-stimulated. Perforation erosion significantly enlarges hole diameter and discharge
coefficients, reduces perforation friction, and exacerbates uneven fluid distribution and fracture propagation. To
achieve injection-production balance, the equivalent perforation diameter should progressively increase from heel to
toe. Under fixed hole diameters, this necessitates variable perforation density. After optimization using the proposed
method, the coefficient of variation (CV) of fracturing fluid injection rates along horizontal wellbores decreases from
19.45% to 4.27%, while the CV of production fluid rates across stages reduces from 22.6% to 7.53%, demonstrating
method effectiveness. This study provides theoretical guidance for designing perforation schemes in limited-entry
fracturing operations.

Keywords: perforation density, wellbore flow model, limited flow fracturing, injection production balance,

unconventional well.
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Pressure Surge Analysis During Tripping-in of Drill string

Based on Fluid-Structure Interaction

During drilling operations, the tripping-in process of the drill string can easily induce pressure surges, leading to
transient pressure fluctuations in the wellbore. These fluctuations may exceed the formation fracture pressure,
potentially causing mud loss or wellbore instability. To investigate the characteristics of pressure surges during
tripping-in, this study establishes a fluid-structure interaction (FSI) coupling model that integrates drill string
vibration with pressure wave propagation in the wellbore. First, considering the initial stress of the drill string, a
finite element model for drill string dynamics is developed and solved numerically using the central difference
method. Second, transient water hammer pressure models are established for the drill pipe interior, annulus, and
open-hole section (without drill pipe), which are solved using the method of characteristics (MOC). The dynamic
interaction between drill string vibration and wellbore fluid pressure is realized through the FSI interface at the
bottom of the drill string, thereby simulating pressure surge effects during tripping-in. Numerical results indicate

that: The pressure surge amplitude increases significantly with well depth, primarily due to the increased



compliance of the drill string and compressibility of drilling fluid at greater depths. In deviated wells, drill string
vibration is suppressed by friction between the drill string and wellbore wall, leading to reduced pressure surges
with higher inclination angles. Pressure surges intensify with higher tripping speeds due to stronger fluid
disturbances. The findings provide a theoretical basis for optimizing tripping speeds and assessing pressure surge
impacts, offering crucial engineering significance for preventing downhole pressure control failures.

Keywords: fluid-structure interaction, tripping-in, pressure surge, finite element method.
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Analysis and Evaluation of the Benefit of Single-well Production

Increase Measures in the Late Development

Yinger Depression Block A is rich in reserves, due to this type of reservoir is dense, low permeability, belongs to low
permeability tight oil reservoir type, and the original formation energy in the study area is insufficient, the
production decay is fast in the actual development process, and the degree of recovery is low, the development effect
of the field is significantly improved by using water injection and throughput, but the mechanism of water injection
and throughput to increase the production is still not clear, so the study of the mechanism of the role of the various
factors in increasing production capacity is important for the guidance of the development of the oil field. Therefore,
it is of great significance to study the mechanism of various factors to increase production capacity to guide oilfield
development. In this paper, we take the long 2 reservoir in Yinger Depression Area A as the research object, and
through indoor water injection and throughput experiments in the tight reservoir, we reveal the influence of the main
controlling factors on the effect of water injection and throughput and the effect of production increase. The results
show that the study area has low natural energy, strong non-homogeneity and weak hydrophilicity, and the adoption
of water injection and throughput technology to drive oil can effectively achieve a higher recovery rate. The basic
physical properties and wettability of the reservoir in the study area are the key factors affecting the production
effect of water injection and throughput. The injection volume and the injection rate mainly affect the degree of
formation energy recovery and thus the reach of the injected water; the time of well curing and the recovery rate
mainly affect the degree of seepage and absorption of the injected water. The cycle injection volume has the greatest
influence on the throughput effect, followed by the injection rate and well curing time, and the recovery rate has the
least influence on the throughput effect.

Keywords: Yinger Depression, tight oil reservoir, water injection and throughput, production increase measures,

effect evaluation.
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Structure Design and Performance Analysis of Battery Pack Cover

Composed of Fiber-Steel Laminates for new energy vehicles

Alternative energy sources are becoming increasingly important and in some cases are replacing traditional types of
fuel. Therefore, any questions regarding the creation and operation of vehicles using alternative energy sources are
of significant interest. The battery pack is the most important element for the efficient operation of modern electric
vehicles. The improvement of the battery pack top cover for new energy vehicles provided a cost-effective way to
produce lightweight vehicle components with high performance. To produce a lightweight, high-performance battery
pack top cover for new energy vehicles, glass fiber-steel plate laminated composite was selected, and the structures
of composites and battery pack top cover were designed. Further, static strength and modal characteristics of the top
cover were analyzed using a HyperWorks software. On the basis of structural design and numerical simulation, a top
cover was trial-produced by a PCM molding process, and its performances were tested. Results indicated that using
a structural composite composed of a layer of DP590 high-strength steel plate and 3 layers of glass fiber prepreg,
the top cover presented a maximum deformation of 0.001-3.58 mm, and a maximum stress of 0.44-96.66 MPa, less
than the required values (5 mm, 480 MPa) under extreme working conditions. The first six orders of intrinsic
frequencies were in the range of 35.25-67.94 Hz, greater than the required frequency of 30 Hz. Even with a weight
reduction of 39.7%, the produced top cover showed a tensile strength and bending strength of 566, 901 MPa,
respectively, much greater than the required values. The results verified the feasibility of producing battery pack top
cover efficiently through materials selection, structural design and simulation on the basis of targeting
performances.

Keywords: structural design, simulation, performance analysis, glass fiber-steel laminate, battery pack cover.
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