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10. H. Jlebeoes

OO0 «HIIK KEJIP-89»

lebedev@kedr89.ru

HccnenoBanne rujpofMHAMUKH U MAaCCONEepeaaYd HA BHICOKONPOU3BOAUTEIBLHBIX

HEHTPOOEKHBIX TApeJKaX

B cmamve paccmompenwt pe3yivmamol ucnvlimanuii 8b1cOKONPOU3EOOUMENLHOU YEHMPOOENHCHOU MAPeKU Ha
IKCHEPUMEHMATLHOU NPOMBUULEHHOU YCIMANHO8Ke NPU peKmupurayuy cmecu moyos — Opmo-KCUuion noo 0asieHuem
0,15 MIla. Hcnvimanusi npo8oOUTUCH HA O8YX CXeMAX: C NOIHbIM G036PAMOM (hllecMbl U 8 pedcume YUPKYISYUOHHO2O0
opoutenus. Ananu3 IKCNePUMEHMATbHBIX OAHHBIX NOKA3AT, YMO HPOU3BOOUMENbHOCIb YeHMPODedCcHOU mapeiku 6 2-3
pasa eviute, 4em y 000t 6apbomadicHol mapenxu, 3¢hhekmuenocms pazoenenus 8 WMUPOKoM OUANA30HE HAZPY30K
cocmasnsiem 90-95 %, unmencusnocms menioooMena Ha KOHMAKMHbLL daemenm — om 7000

00 20000 xkxan/u-epad. Ilpomvlinennvie UCNLIMANUSL YEHMPODENCHBIX MAPENOK NPOBEOeHbL HA YCMAHOBKAX
nepepabomku Heghmu, 8 abcopoepax oUUCmKU NPUPOOHO20 2A3a OM CEPOBOO0POOA U YeleKUCI020 2a3d, HA YCIMAHOBKe
npouU3e00CmMead IMUIEHA U NOOMBEEPOUTU BLICOKYIO NPOU3BOOUMENTbHOCHb U IPDEKMUBHOCMb PA30eNeHUs.
KawueBble cnoBa: yenmpobesicnas mapenxa, mypoyienmuas ouggysus,

suxpeesoe 83aumooelicmeaue 2a3a ¢ .?fCMOKOCWlbiO, MeniomMaccoobMme.

DOI: 10.32935/0023-1169-2025-652-6-3-6

Yu. N. Lebedev

LLC «R&D Co. KEDR-89»

High-Performance Centrifugal Trays Hydrodynamics and Mass Transfer Study

The article discusses the results of testing a high-performance centrifugal tray at an experimental industrial column
during the rectification of a toluene-ortho-xylene mixture under a pressure of 0.15 MPa. The tests were carried out on
two regimes: full reflux mode and pump around mode. Experimental data analyses showed that the capacity of a
centrifugal tray is 2-3 times higher than that of any bubble tray, the separation efficiency in a wide range of loads is
90-95%, the effectiveness of heat transfer on the contact element is from 7000 to 20000 kcal/h-C. Industrial tests of
centrifugal trays were carried out at oil refining units, in absorbers for cleaning natural gas from hydrogen sulfide
and carbon dioxide, at an ethylene production unit and confirmed high capacity and separation efficiency.

Key words: centrifugal tray, turbulent diffusion, vortex interaction of gas with liquid, heat and mass transfer.

P. I. Tenawes', A. P. lagnemwun?, A. A. Banuesa®, C. M. Ilempoe**, H. IO. Bawkupuesa®
1000 «Dnepmxu >80 UHKUHUPUHTY,

2V hpumcKuit TOCY IaPCTBEHHBIN HEPTAHOM TEXHUIECKUH YHUBEPCUTET,

3Ka3aHcKuii HAMOHAIBHBINA HCCIIE0BATENBCKUI TEXHOIOTHIECKUI YHUBEPCHTET

4 Kazanckuii (ITpuBoskckuii) GpeepanbHbIi yHHBEPCUTET

Lfm59@mail.ru

CpaBHMTEJIbHASL OLIEHKA CTPYKTYPbI U KATAJIUTHYECKOH AKTUBHOCTH

CMEIIAHHBIX OKCH/I0B HUKEJIA U AJIIOMUHUSA



B pabome npedcmasnenwvt pezyniomamol CPAGHUMETbHBIX UCCIEO08AHULL MEKCMYPHBIX U KAMATUMULECKUX CEOUCTE
CMEUAHHBIX OKCUOO8 HUKENS U ATIOMUHUSL 8 3A8UCUMOCTIU OM COOMHOULEHUSI KAMUOHO8 MeMAI08 8 PACMEOpax npu
cunmese ux npeouiecmeeHnuxo8. Cmpykmypa cCMeuanHblx OKCUO08 USYHANACh C NOMOUWbIO PEHM2EHOCTPYKINYPHO2O0
ananuza, aocopoyuu-oecopoyuu asoma. Iokazano enuanue cOOMHOUEHUS KAMUOHO8 HUKES U ANIOMUHUS

6 CMEUAHHBIX OKCUOAX HA UX KAMALumuieckue ceoUcmea 8 npoyeccax KpeKunea JUHetHblX aiKano8 u maiceioll
negpmu. Ioxaszano, umo npu coomnowenuu NiZ*IA3* 2:1 nonyuennviii cmewanmwiii okcud obnadaem naubonvuiell
PA36umou NOGEPXHOCMbIO, BbICOKOU KAMANUMUYECKO AKMUBHOCTBIO 8 NPOYECcax KPeKuHea H-aliKaHos,
KOMnoHenmos msicenou nepmu. Cmewannvle okcuowt Ni-Al obradarom xamanumuyeckol aKkmueHoCmbO

6 PeaKyusix U3oMepu3ayuy aIKaHos8, Ymo npeonoaasaem ux UCnOIb308aHUe 8 Kauecmee Hocumenel

Kamaauzamopos 2uopou300enapapuHu3ayuu cpeoHeOUCMUIISMHbIX Yeie6000POOHbIX GPaKyuil.

KuroueBnble ci1oBa: cmeuantvie OKCUObL HUKES U ANIOMUHUS, DEHMEEeHOCMPYKMYPHbIN AHATU3,

aocopbyusi-Oecopoyus azoma, KAMAaIumuieckull KpeKune, msicends Hegpme.

DOI: 10.32935/0023-1169-2025-652-6-7-12

R. G. Telyashev!, A. R. Davletshin?, A. A. Valieva® S. M. Petrov3#, N. Yu. Bashkirtseva®

1 000 "Energy and Engineering",

2 Ufa State Petroleum Technological University,

3 Kazan National Research Technological University,

4 Kazan (Volga Region) Federal University

Comparative Evaluation of the Structure and Catalytic Activity of Mixed Oxides of Ni and Al

The paper presents the results of comparative studies of the textural and catalytic properties of mixed Ni-Al oxides
depending on the ratio of metal cations in solutions during the synthesis of their precursors. The structure of the
mixed oxides was studied using X-ray structural analysis and nitrogen adsorption-desorption. The effect of the ratio of
Ni and Al cations in mixed oxides on their catalytic properties in the cracking of linear alkanes and heavy oil is
shown. It is shown that at a Ni?*/A%* ratio of 2:1, the resulting mixed oxide has the largest developed surface, high
catalytic activity in the cracking of n-alkanes, components of heavy oil. Mixed Ni-Al oxides have catalytic activity in
alkane isomerization reactions, which suggests their use as catalyst carriers for hydroisodewaxing of middle distillate
hydrocarbon fractions.

Key words: mixed oxides Ni-Al, X-ray diffraction analysis, nitrogen adsorption-desorption, catalytic cracking, heavy

oil.

10. X. Yemanosa, A. C. Hivmenckuii, C. M. Ilempos

Ka3zaHckuii HallMOHANBHBINA UCCIIEI0BATENBCKUN TEXHOJIOTMYECKUI YHUBEPCUTET

Lfm59@mail.ru

KaraauTunueckasi aKTUBHOCTD Le0JIUTCOAep:kameiil kpemuucToi nopoasl TaTapcko-LlaTpamanckoro
MeCTOPOKICHHS: HCCJIeNOBAHNE U NMePCIeKTHBBI NPUMEHEeHUs

B cmamwve npeocmasnenvl pesynvmamul uccied08anus yeoaumceooepaicaueli Ropoosl, HPOEEOeHHbIE C YEblo
cpasHenus ee Xapaxmepucmux ¢ npomviuinientvim kamanuzamopom FCC. B pamxax ucciedoganus Ovliu onpeoeeHul

coCmas u mexcmypHule ceolicmsea 0opasyos. Pesyrsmamul noxkasanu, umo yoenvHas n0OGEPXHOCHb NPUPOOHO2O



anoOMOCUTUKAMA CYUIeCmEenHo YCmynaem maxkogotl y npomuvluinennozo kamaauzamopa FCC. Sxcnepumenmanvho
YCMAHOBNEeHA ONMUMATLHAS MEMNEPamypa 0Jist 00CMUNICEHUSL MAKCUMANbHOU KoHeepcuu H-ankanog C1s—C22.
Onpedenenvl 6b1X00bl PA3IUYHBIX MUNOE Y2Ne8000P0008 NPU 8APLUPOBAHUY TNEMNEPAMYPHBIX NAPAMEMPO8.
Obpabomxa npupooH020 aNOMOCUNUKAMA COJIAHOU KUCIOMOU 3HAYUMENbHO YEeauduéaem Koau4ecmeo KUCI0mHblx
yenmpos bpencmeoa omnocumenvbro ocHosHbix yenmpos Jlviouca, umo npugooum K nogululeHuIo 06pazo068anus
PAa36emeIeHHbIX ANKAHO8 U CEUOEMeNbCIEYem O CYUeCmEeHHOM GIUSHUU KUCTOMHOU YHKYUOHATLHOCMU HA
PpeaxkyuonHylo cnocobnocmes kamanusamopa. Ilonyuennvle 0annvie 6HOCAM 6KAAO 8 NOHUMAHUE PUSUKO-XUMULECKUX
CBOUICME NPUPOOHBIX ANIOMOCUTUKANOG U UX NOMEHYUALA 8 Kayecmee Kamanu3amopos 0/ RpOYeccos mepMuiecKo2o
0011a20paAXCUBANUS C8EPXBA3KUX Hepmell.

KaroueBrble cioBa: yeorumcodepoicawas nopood, H-aakaHsl, KAMAIUMu4eckull Kpekume,

KOHeepcusl, kKamaiumudecKasld aKkmueHocCcntb.

DOI: 10.32935/0023-1169-2025-652-6-13-17

Yu. K. Usmanova, A. S. limensky, S. M. Petrov.

Kazan National Research Technological University

Catalytic Activity of Zeolite-Containing Siliceous Rock of the Tatarsko-Shatrashansky Deposit:

Research and Application Prospects

The article presents the results of a study of zeolite-containing rock, conducted in order to compare its characteristics
with an industrial FCC catalyst. The composition and textural properties of the samples were determined. The results
showed that the specific surface area of natural aluminosilicate is significantly inferior to that of the FCC industrial
catalyst. The optimal temperature for achieving the maximum conversion of C1s-C22 n-alkanes has been
experimentally established. The yields of various types of hydrocarbons with varying temperature parameters have
been studied. Treatment of natural aluminosilicate with hydrochloric acid significantly increases the number of
Brensted acid centers relative to the main Lewis centers, which leads to an increase in the formation of branched
alkanes and indicates a significant effect of acid functionality on the reactivity of the catalyst. The data obtained make
a significant contribution to understanding the physico-chemical properties of natural aluminosilicates and their
potential as catalysts for the thermal refining of ultra-viscous oils.

Key words: zeolite-containing rock, n-alkanes, catalytic cracking, conversion, catalytic activity.

®@. B. IOcyoo6', A. A. P3aeea’, A. M. Apviesa’

L AsepbaiikaHCKuii TEXHUIECKUH yHUBEPCHTET, I. baky, Asepbaiiokan,

’bakuHcKas BhICIIAs mKoja HedTw, . baky, AsepOaiimkan

yusfax@mail.ru

YuciieHHOE MOJIeJIMPOBaHKE MpoLecca aACOPOLUOHHON OYNCTKUA CTOYHBIX BOJ

OT MOHOB TSI’KeJIbIX MeTAJIJIOB

B pabome npedcmasneno uccredosanue skon02utecKu OpUeHMUPOBAHHBIX MEXHONI02UTE A0COPOYUOHHOU OUUCTHKU
CMOYHBIX 600 NPEONPUAMULL MONIUBHO-IHEPLEMULECKO20 KOMINEKCA, COOEPAHCAUWUX MOKCUUHBIE UOHBL MAICENbIX
Memannos — Mulubaxa, meou u yunxa. Lleavio uccnedosanus agnaemcs paspabomra 3QhexmusHoeo u 3Koa02u4ecKu

bezonacroco memooa ydaﬂeﬂuﬂ MAINCENBIX MeMAllO8 C UCNOJb306AHUEM npupodelx yeoaumoe u co30anue



YUCTIEHHOU MOOeNU MACCOOOMEHA 0I5l NPOCHO3UPOBAHUS Napamempos npoyecca. B kauecmee adcopbenma
UCHOIL306AH MOOUDUYUPOBAHHBLL NPUPOOHBII KIUHONMULOIUM, OMAUYAIOWULICS 8bICOKOU MEPMUUECKOl
VCMOUYUBOCHBIO, YOETbHOU NOBEPXHOCMbIO U 00CMYNHOCMbI0. Paspabomana wuciennas Mooeib MAcConepeHocd ¢
yuemom euewHell u sHympennetl ouggysuu. Iloxazano, umo npu yucne buo > 50 u uucne famxenepa 1000 npoyecc
aocopbyuu npomexaem 3()ghekmuero, a onpedesIIOUWUM RAPaAMempom Gblcmynaem 3P oexmusnslii KO3 duyuenm
oughghysuu. Maxcumanvhas adcopoOyUoOHHAsE eMKOCHb MOOUPDUYUPOBAHHO20 KIUHONMULOAUMA cocmasuia 29,5 me/e
015t molutbska, 34,9 me/e ons meou u 22,7 me/e 0ns yunka. Pezyibmamul n03604510m UCHOIb306AMb PA3PAOOMAHHYIO
MOOeb 015l UHHCEHEPHBIX PACYEMO8 U ONMUMUZAYUU NPOYECCO8 OYUCHKU CIMOYHBIX 600 NPEONPUSMUL MONIUGHO-
IHeP2eMmuUYecK020 KOMNIEKCdA.

KiioueBblie C10BA: MONIUBHO-IHEPLEMULECKUT KOMIIEKC, IKOA0UYECKas 6€30NACHOCb,

cmoumHbie 800bl, MdCenble MEMALIbL, A0COPOYUS, MOOETUPOBAHLe.

DOI: 10.32935/0023-1169-2025-652-6-18-24

F. V. Yusubov!, A. A. Rzayeva?, A. M. Yariyeval

1 Azerbaijan Technical University, Baku, Azerbaijan,

2 Baku Higher Oil School, Azerbaijan

Numerical Modeling of Wastewater Treatment by Adsorption of Heavy Metal lons

The study presents the results of environmentally oriented technologies of adsorption wastewater treatment of
enterprises of fuel and energy complexes containing toxic ions of heavy metals — arsenic, copper and zinc. The aim of
the study is to develop an effective and environmentally friendly method for the removal of heavy metals using natural
zeolites and to create a numerical mass transfer model for predicting process parameters. Modified natural
clinoptilolite, characterized by high thermal stability, specific surface area and accessibility, was used as an
adsorbent. A numerical model of mass transfer has been developed taking into account external and internal diffusion.
It is shown that when the Bio-Bi number is > 50 and the Damkeler Da number is = 1000, the adsorption process
proceeds efficiently, and the effective diffusion coefficient Deff is the determining parameter. The maximum
adsorption capacity of the modified clinoptilolite was 29.5 mg/g for As, 34.9 mg/g for Cu, and 22.7 mg/g for Zn. The
results make it possible to use the developed model for engineering calculations and optimization of wastewater
treatment processes at fuel and energy complex enterprises. The use of natural zeolites helps to reduce the
anthropogenic load, increase environmental safety and implement the principles of sustainable development in the
operation of fuel and energy systems.

Key words: fuel and energy systems, environmental safety, wastewater, heavy metals, adsorption, modeling.

10. M. ITumenoe

DAY «25 I'ocHUU xummoTosornn Muno6opoHb! Poccrm»

25gosniithim@mil.ru

JJ1eMeHThI TeOPUU XUMMOTOJIOTHYECKHUX NMPOLECCOB

Usnazaromes omoenvHvle nonodcenus u uoeu, 0arnuue 603MOACHOCHb NPedCmasums U 0XapaKmepu3o8ams
COBOKYNHOCHb 83AUMOOEUCMBYIOWUX OMHOCUMETLHO «NPOCMBIXY QUIUYECKUX, XUMUYECKUX U DUSUKO-XUMUYECKUX

(ajzeMeHmaprlx) npoyeccos Kak uc)ea/zus'upoeaHHbzzZ KOMNJEKC «CIIOACHBIX) XUMMOMOI0CUHECKUX NPOYECCOE6,



NPOMEKAUUX NPU NPUMEHEHUU 20proYe-cMa30yHbix mamepuanos (I’ CM) 6 mexnuke. Paccmampusaromces
B03MONCHOCTU, NPUMEDPBL MOOEAUPOBAHUS U OOCYHCOAOMCSL 3AKOHOMEPHOCIU XUMMOMOLOUYECKUX NPOYECCO8
8 UX 83auUMOCesa3U ¢ IKcnayamayuonHvimu ceovicmeamu I CM ¢ xummomonoeuuecxoti cucmeme I'CM —
MeXHUKA — IKCHIAYAMAYUSL.

KiroueBble cj10Ba: 2oproue-cMa30uHble MAmMepuaivl, XUuMMOMOI02UYEeCKULL npoyecc,

IKCcniiyamayuornnoe ceozlcm@o, IKCnepumenni, UCnblmMarnue, ModeﬂupoeaHue.

DOI: 10.32935/0023-1169-2025-652-6-25-33

Yu. M. Pimenov.

The 25th State Research Institute of Himmotology, Ministry of Defense of the Russian Federation

Elements of the Theory of Chemmotological Processes

Some provisions and ideas that give the opportunity to imagine and characterize the totality of interacting relatively
«simple» physical, chemical and physico-chemical (elementary) processes as idealized ensemble of «complex»
chemmotological processes that are taking place during the use of POL in equipment are set out. Possibilities,
examples of modeling are considered as well as patterns of chemmotological processes are discussed in there
interrelation with performance properties of POL in chemmotological system «POL — Equipment — Operating
Conditions».

Key words: fuels, oils and lubricants (POL), chemmotological process, performance property, experiment, testing,

modeling.

I. 3. Kynewuna, IO. I'. bopucosa, P. M. Cyaimanosa, A. @. Axmemos, C. C. 3n0mckuii

Y dbumcknit rocyapcTBEHHBIN HEPTIHON TEXHHUECKUH YHUBEPCUTET

guzel.kuleshina@yandex.ru

IIpumeHeHUEe HOBBIX Kap00- M reTePOUMKINYECKHUX YeTBEPTHYHBIX AMMOHMITHBIX COJIei

AJISl CHUKEHHSl McTapseMOCTH OeH3UHOB

Cunme3upoeansi Hogvle YemeepmuiHvle AMMOHUUHbBIE COMU, COOEPIAHCaAUUe 2eM-OUXTOPYUKIONPONAHOBLIL U
yuxnoayemanvHwlll hpacmenmol. IIpusedensvi pesynomamol uccie0o08aHull NPUCAOOK, Ha OCHO8E CUHMESUPOBAHHBIX
COeOUHEeHUU, HanpagIeHHbIe HA CHUMICEHUe ucnapsemocmu 6eH3UHO8 npu Xxparnenuu 6 pesepgyapax. Kapoo-

U 2emepoyuKIUIecKue AMMOHUTIHBIE CONU HOTYUEHbL U3 OOCIYNHO20 CbIPbs U He OKA3bl8AIOm OMPUYAMenbHO20
GIUAHUS HA CEOUCMBA OEH3UHOS.

KuioueBsble ciioBa: agmomodunvrvle OeH3uHbl, YemeepmuuHvlie AMMOHUIIHbIE COU,

1,3-0uoxcayurnoankansl, cem-Ouxi0pPYUKIONPONAH.

DOI: 10.32935/0023-1169-2025-652-6-34-37

G. Z. Kuleshina, Yu. G. Borisova, R. M. Sultanova, A. F. Akhmetov, S. S. Zlotsky.
Ufa State Petroleum Technological University
Application of New Carbo- and Heterocyclic Quaternary Ammonium Salts

to Reduce the Evaporation of Gasolines



New quaternary ammonium salts containing gem-dichlorocyclopropane and cycloacetal fragments have been
synthesized. The results of studies of additives based on synthesized compounds aimed at reducing the evaporation of
gasoline during storage in tanks are presented. Carbo- and heterocyclic ammonium salts are obtained from available
raw materials and do not adversely affect the properties of gasoline.

Key words: motor gasoline, quaternary ammonium salts, 1,3-dioxacycloalkanes, gem-dichlorocyclopropane.

O. I'. Kapuesckasa, C. H. Pyw, T. E. Kpon, I'. A. Kopueesa, IO. I'. Hockoe, K. b. Pyoak

000 «O0bearHEHHBIH HEHTP UCCIIEAOBAaHUN B Pa3paboToOK

KarchevskayaOG@rdc.rosneft.ru

Jeaspupyrommue cBOMCTBa OTHECTOMKHUX MaceJl

HA OCHOBE TPeT-0yTHIIMPOBAHHBIX APUJIOBBIX 3¢GUPOB 0pTOdocHOPHO KUCIOTHI

Hcenedosana 3asucumocms epemenu 0easpayuy Om coOCmasa 02HeCMoUK020 MACia Ha OCHOBE CMEUIAHHBIX
docgamuvix 2¢pupos gperona u 4-mpem-oymungpenona (max Hazvieaemoe mpem-oymuiuposanHoe Macio). Bpems
deaspayuu Onpeoesiemcst COOMHOUEHUEM OCHOBHbIX KOMNOHEHmMOo8 — (mpem-oymungenun)ougenurgpocpama (1) u
ou(mpem-oymunghenun)penungochama (Ill) — u pesxo ysenuuusaemcs ¢ pocmom cooepicanusi mpu(mpem-
oymungenun)pocghama (IV); mpugenungocgham (1) oxazvieaem munumanvnoe soszoeticmeue. Ipuput 11-1V
6bl0eNIeHbl 8 UHOUBUOYATLHOM COCIMOSIHUY U oXxapakmepuzosanwl. [Iokazano, umo KOMHOHEHMbl MACAA, SGIAACH NPU
KOMHAMHOU memnepamype meeépovbiMu 8euecmaami, CNOCOOHbL 00PA308b16aAMb CMECU C MEMNEPAMYPOU 3ACMbIEAHUS
munyc 17 °C u Hudice. Tlpednosicena smnupuneckas mooenb, KOIU4eCmMEeHHO ONUCHIBAIOWAsL 3A8UCUMOCTb BPEMEHU
deaspayuu om cocmasa, ¢ y4émom Komopou no0odPaHsl cOCMAagsl mpem-0ymuiupo8aHHbLX Macel,
yoosnemeopsiouue no QUIUKO-XUMUYECKUM XAPAKMEPUCTUKAM Ompaciiesvim cmanoapmam Poccuu,
NPeOvAGIAEMbIM K 02HECIOUKUM MACTAM.

KiaroueBsble ciioBa: ocrecmotikoe macio, mpem-0ymunuposantsie apuigochamsi, 8pemsa dea3spayuu.
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Air-Releasing Properties of Flame-Retardant Oils Derived

from Tert-Butylated Aryl Phosphates

The dependence of the air-release time on the composition of a fire-resistant oil based on mixed phosphate esters of
phenol and 4-tert-butylphenol (the so-called tert-butylated oil) was investigated. The air-release time is determined by
the ratio of the main components — (tert-butylphenyl)diphenyl phosphate (I1) and di(tert-butylphenyl)phenylphosphate
(1), it increases sharply when the content of tri(tert-butylphenyl)phosphate (1V) increases; the content of
triphenylphosphate (1) has minimal effect. Esters I1-1V were isolated in individual state and characterized. It has been
shown that the oil components, being solid substances at room temperature, are capable of forming mixtures with a
pour point of minus 17 °C and below. An empirical model that quantitatively describes the dependence of the
air-release time on the composition of the fire-resistant oils is proposed; it allows to choose the compositions of
tert-butylated oils satisfying the physico-chemical characteristics of the industry standards of the Russian Federation

for fire-resistant oils.



Key words: fire-resistant oils, tert-butyl arylphosphate, air-release time.
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AHaJIu3 TEPMOMEXaAHHYECKOH CTAOMIIBHOCTH MJIACTHYHBIX CMA30K € Pa3HBIMHU

THIIAMHM 3arycTHTe eii HA 0CHOBe BBICOKOIEJ0YHBIX 1eTePreHToB

Ilpedcmasnenvl pe3ynbmamvl IKCHEPUMEHMATLHBIX UCCTIE008AHUL MEPMOMEXAHUYECKOU CMADUTLHOCU NAACUYHBIX
CMA30K C 302YCTUMENAMU HA OCHO8E TPeX MUN08 6blCOKOUWELOUHbIX 0eTNepeenmos: CyIbhoHamos,
QAIKUICATUYUIAMO8 U AIKULPEHONAMO8 KATbYUS C UCNONb308ANUEM NOOWUNHUK08020 cmeHda. Kak 6b110
VCMAHOBNEHO, CATUYUIATNHBLE U (DEHONAMHbIE CMA3KU OKA3ATUCH OOCIMAMOYHO CMADUTLHBIMU K OKUCTEHUIO, NPU
IMOM 8 CyHae CATUYUIAMO8 DONbULOE GIUAHUE MAKIICE OKAZbI8AET COCMA8 OUCNEPCUOHHOU CPedbl.

KiueBble cioBa: niacmuunvle CMA3KU, Moue-oucnepaupyroujue npucaok, AHmuoKUCIume bHule npucaoxu,

Cyﬂbd)OHam Kaavyus, ajikuaicaiuyuiant Kajibvyus, (lJlKMJld)eHOJZ}lWl Kajabvyu:.
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Analysis of Thermomechanical Stability of Greases with Different Types

of Thickeners Based on Highly Alkaline Detergents

The article presents the results of experimental studies of the thermomechanical stability of greases with thickeners
based on three types of highly alkaline detergents: sulfonates, alkyl salicylates and calcium alkylphenolates using a
bearing stand. As it was found, salicylate and phenolate lubricants proved to be quite stable to oxidation, while in the
case of salicylates, the composition of the dispersion medium also has a great influence.

Key words: lubricants, detergent-dispersant additives, antioxidant additives, calcium sulfonate,

calcium alkyl salicylate, calcium alkylphenolate.
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Peosnornueckoe nosegeHue 3aryeHHbIX BOAOPACTBOPUMBIX 0a30BBIX MaceJl

U IJACTHYHBIX CMA30K HAa UX OCHOBE

IIpogedeno uccnedosanue peonrocuteckux XapaKkmepucmux 6000pacmeopPUMbLX 8bICOKONOIAPHBIX OA308bIX MACE C
000a8KOU NOTUMEPHO20 3a2YCIMUmMens, d MAaKdice NIACMUYHBIX CMA30K HA UX OCHOge. HI3yueHbl napamempeoi,
onpeoensauue 0CHO8HbIE IKCHILYAMAYUOHHBLE CEOUCMBA UCCAEO08AHHBIX NOAUIDUPHLIX cucmem. YcmaHnoesnern pso

K1o4€6blX 3aKOHOM€pHOCWl€ZZ peoiocudecKkoco NnoBedeHUs IMUX CUCTEM. HOKCZ3CZHO, Ymo O0Jist UCCAEeO0BAHHBIX



KOMNO3uyuii npeoes npoYHOCMU, 8eaUUUNY IPPEKMUBHOU BAZKOCMU U PeoNiocUtecKue COUCMEa ONpedesiomcs
KOHYeHmpayuel 3a2yCmumest u e20 MOJAPHOU MACCOU, NPU IMOM GIUAHUE MEeMRepamypbl Ha npedel NPOYHOCIMU U
BeUYUHY IPPEKMUBHOU BAZKOCMU HE3HAUUTNENLHO. YCmMaH081eHO, YUMo ¢ Y8enudeHUueM KOHYEeHMpPayuu 3a2yCmumers
nogvluiaemcs npeoen npouyHocmu cmaszok. Ilonyuen obpazey c onmumanbHOU KOHYeHmpayuel 3a2ycmumeis, npu
KOmopou cucmema 3@ekmuero conpomusiisiemcs oegopmayuu coguea u pacceusaem MexaHuiecKyio SHepeuto, Ymo
NPOsABNAEMCA 8 MAKCUMATILHLIX 3HAYEHUAX npedend npoYHOCmuU. YCcmanoeienHble 3aKOHOMEPHOCIU MO2YM
NOCIYHCUMb MeOPemuieckoll 0CHOBO Ol YeleHaNPAGIeHHO20 Pe2yiupOo8anUs peolocuiecKux XapaKxmepucmux
ROMUIPUPHBIX CMAZOUHBIX MAMEPUANOE — KAK 3A2YUJeHHBIX MACe, MAK U NAACMUYHBIX CMA30K.

KiroueBble c10Ba: 6bicOKONONAPHBIE CMA30UHBIE CUCEMYL, NIACIUYHbIE CMA3KU, OUCCUNAMUBHBIE C8OUICEA,

NOJIUOKCUANKEHUNINOIUCIUYEPOJL, peosiocudeCcKue CGOZZCW!@CI, noxzu3¢upbl.
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Rheological Behavior of Thickened Water-Soluble Base Oils

and Greases Based on Them

The rheological characteristics of water-soluble high-polarity base oils containing a polymer thickener, as well as the
grease formulations derived from them, were investigated. The parameters governing the key performance properties
of the studied polyester systems were examined. A number of fundamental rheological behavior patterns were
identified. It was found that in the tested compositions, the yield stress and viscoplastic properties are primarily
determined by the thickener concentration and its molar mass, whereas the influence of temperature on the yield
stress is negligible. The study demonstrated that increasing the thickener concentration enhances the structural
strength of the system. A sample with an optimum thickener concentration was developed, at which the system exhibits
efficient energy dissipation. The established patterns can serve as a theoretical foundation for the targeted adjustment
of the rheological properties of polyester-based lubricating materials.

Key words: high-polarity lubricating systems, greases, dissipative properties, polyoxyalkylene polyglycerol,

rheological properties, polyesters.
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Studying of Deep Coal Seam Characteristics to Predict Their Gas-Bearing Potential

The coal reservoir characteristics are one of key factors controlling coalbed methane (CBM) distribution and
enrichment and the CBM development method. Previously, the study of the coal reservoir characteristics in China
has been focused on the shallow coal seam (<1500 m), but less attention has been paid to the deep coal reservoir
(>1500 m). Thus, the exploration and development of CBM resources is hindered. The CBM exploration and

development in the Ordos Basin is concentrated in the coal seam shallower than 800m in the eastern margin and



the coal seam has a high exploration level, but the coal seam deeper than 800m in the Shenmu area is the blank
horizon of CBM exploration. The deep coal seam in the Shenmu area is thick and stably distributed. There is lack of
understanding of coal reservoir characteristics and gas content in the deep coal seam. This paper aims to
investigate the deep CBM at 1755-1764m in the second member of the upper Paleozoic Shanxi Formation (Shan-2
Member) and that at 1815m-1833m in the second member of the upper Paleozoic Taiyuan Formation (Tai-2
Member) with the gas content and other parameters from wireline coring in Well Gu 1. The results show that the
Shenmu area has the low-medium rank coal with the high vitrinite content and the medium-high gas-bearing
potential. This study provides insight into the gas content of the coal seam deeper than 1500m and establishes a
basis for evaluating the 1500m-2000m deep CBM resources within the Ordos Basin.

Keywords: deep coalbed methane, coal reservoir characteristics, coal seam gas bearing potential, Ordos Basin.
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Research Progress on Calculation Methods for CO. Storage Capacity in Oil and Gas Reservoirs

CO: flooding and storage technology is an important approach to achieving the “dual carbon” goals, offering both
emission reduction and economic benefits. This paper systematically analyzes the oil displacement and storage
mechanism of this technology. Through the research system of comparing the Enhanced Oil Recovery, effective and
actual storage capacity, and by using the methodological criticism and model optimization path analysis, it
proposes a six-category calculation method system for the Enhanced Oil Recovery storage capacity, and reveals its
applicable conditions and technical bottlenecks, providing a scientific paradigm for the construction of a
cross-scale storage prediction system. The existing calculation methods are based on the generalized material
balance equation to construct the carbon flux conservation relationship, but the static reservoir assumption
restricts the multi-mechanism collaborative characterization of heterogeneous reservoirs. The models of structural
storage, residual gas storage, dissolution storage and mineral storage have the defects of mechanism separation
and parameter idealization, and are only suitable for the pre-evaluation of storage potential. The calculation
method for depleted reservoirs only considers structural storage, while water injection development/water invasion
reservoirs need to couple dissolution dynamics. The model based on the analogy method, due to its reliance on
CO:2-Enhanced Oil Recovery project data, is more suitable for mature development blocks. The effective storage
capacity method realizes potential grading through the screening of geological unit storage coefficients, while the
actual synchronous storage model introduces the CO: oil replacement rate parameter, which can accurately
quantify the storage space of low-permeability reservoirs.

Keywords: storage capacity calculation, storage mechanisms, carbon capture, utilization and storage, enhanced oil

recovery mechanisms.
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A New Method for Inversion of Mineral Abundance on the Moon

The Moon, as the only natural satellite of the Earth, holds significant importance for understanding the history of
its formation and evolution through the accurate determination of its surface mineral composition. It also provides
a scientific basis for the reasonable development and utilization of lunar resources in the future. This study
proposes a new method for lunar mineral abundance inversion. First, the data sources and preprocessing methods
are introduced, followed by the establishment of the mineral abundance inversion model. The scientific validity of
the new inversion method is verified through experimental implementation. The study shows that the Lunar Mineral
Mapper, as a hyperspectral imaging instrument, can reflect the mineral distribution characteristics on the lunar
surface. The Apollo mission samples offer reliable ground-truth reference data for quantitative analysis of mineral
abundance. The mineralogical analyses of these samples are highly accurate and authoritative. By fusing the
mineral composition data from Apollo samples with the remote sensing data of the Lunar Mineral Mapper, the
problem of insufficient accuracy in remote sensing data can be effectively mitigated. Sample constraints improve
the accuracy and stability of the inversion model. The conclusion is that the new method of mineral abundance
inversion based on the fusion of Lunar Mineral Mapper data and Apollo samples is not only a key approach to
overcoming the limitations of traditional single data source inversion but also a necessary means to improve the
precision of quantitative mineral analysis on the Moon.

Keywords: lunar mineral mapper data, apollo samples, mineral abundance inversion, new method; model

construction.
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Heavy Oil Steam Injection Boiler Operation Status Intelligent Monitoring and Energy Consumption
Optimization Analysis

In the process of heavy oil thermal recovery, the steam injection boiler is one of the most energy-intensive key
pieces of equipment. Its operational status directly affects steam quality and injection efficiency. Traditional
management methods often rely on manual experience and judgment, which leads to high energy consumption and
insufficient steam utilization. To address this problem, this study established an intelligent monitoring system for
the operational status of heavy oil steam injection boilers, and developed an energy consumption optimization
model. A case study was conducted to verify the advancement of the proposed monitoring and optimization system.
The results show that the system can achieve second-level monitoring, accurate evaluation, and efficient early
warning. In terms of energy optimization, the unit steam fuel consumption was reduced by about 8-12%, while
boiler efficiency improved by 5-7 percentage points. The stability of steam quality and environmental benefits were
significantly enhanced. Further economic evaluation indicates annual savings of several million yuan in fuel costs,
as well as additional production benefits of tens of millions of yuan, while reducing CO2 emissions by 20000-

30000 tons. The conclusion confirms that the intelligent monitoring and optimization system for heavy oil steam



injection boilers has important significance in promoting energy conservation, emission reduction, and green
development in the oil and gas industry.
Keywords: heavy oil, steam injection boiler, operational status, intelligent monitoring, energy consumption

optimization.
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Research on Collaborative Optimization Method of Well Pattern Adjustment

and Formation System Subdivision in Ultra-High Water Cut Reservoirs

Most reservoirs still use traditional formation division methods, failing to dynamically subdivide oil layers based
on detailed geological studies. This results in low utilization rates of high-quality reservoirs and wastage of
injection and production resources in inefficient layers. Addressing this issue, this research analyzes the theory of
well pattern adjustment optimization for ultra-high water cut reservoirs and introduces a collaborative
optimization method for tomographic subdivision and well pattern adjustment. On this basis, using a specific
oilfield as an example, case application and effect analysis are carried out to lay the foundation for improving the
development efficiency and effectiveness of ultra-high water cut reservoirs in China. Research shows: Formation
subdivision based on fluid unit concepts can significantly improve reservoir utilization. The constructed
multi-objective optimization mathematical model effectively describes the coupling relationship between formation
systems and well patterns. After applying the collaborative optimization measures of well pattern adjustment and
formation subdivision in a specific oilfield, the formation utilization rate increased to 91%, and the expected
ultimate recovery rate improved by 7.2%, with a collaborative synergy contribution rate of 28.3%, confirming the
systematic advantages of collaborative optimization. The conclusion suggests that this method can provide
technical support for domestic ultra-high water cut oilfields to improve recovery rates and extend stable production
periods.

Keywords: ultra-high water cut, reservoir well pattern adjustment, formation subdivision, collaborative optimization,

effect analysis.
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Digital Modeling of Bridging and Plugging Dynamics in Fractures

and Leakage Control in Fractured Strata

Fractures are important seepage channels in oil and gas extraction and are the key to efficient resource
exploitation. However, with the extensive development of fractures, they have also become the main cause of severe
drilling fluid and oil and gas leakage. In order to enhance the leakage control of fractured strata, the plugging
mechanism was studied through the computational fluid dynamics - discrete element method (CFD-DEM)
numerical simulation. This paper focused on the spherical particle diameter, concentration dose, gradation, fluid
density and velocity. The research found that for monodisperse particles, under the condition of R=0.4, the best
blocking efficiency can be achieved through sequential double-particle bridging. A concentration of 15% was
determined to be the most effective dose. When mixed particle sizes form multi-level sealing layers, they can adapt
to different fracturing conditions. In addition, the particle transport mechanics in the crack was controlled by the
fluid density. When the density range of particles was between 1.80 and 2.20 g/cm?, the probability of retention in
the crack was high and the formed leak-stopping layer was the longest. In this study, the best leak-stopping effect
was achieved at a speed of 0.8 m/s by minimizing the migration velocity and maximizing the sealing integrity.
Ultimately, the results indicated that particle size, concentration and gradation were the key factors affecting the
effectiveness of plugging.

Keywords: fractured reservoir, particle plugging, numerical simulation, CFD-DEM, fluid.
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Research Method and Application of Source-Fault-Cap Coupling

Oil and Gas Migration to Overlying Reservoir Distribution

Based on the study of the migration mechanism and form distribution of the source-fault-cap coupling oil and gas to
the overlying reservoir, the source-fault coupling oil and gas migration parts of different types of sources are
determined by using the oil and gas supply parts of different types of sources and the fracture migration parts. Using
the relative thickness of ancient fault of mudstone caprock, the distribution position of fault-cap coupling oil and gas
migration form is determined. The superposition of the two has established a set of research methods for the
distribution of source-fault-cap coupling oil and gas migration to the overlying reservoir. It is used to study the
distribution of oil and gas migration from the source rock of the third member of the Shahejie Formation (Ess), the
Nandagang fault and the mudstone caprock of the middle sub-member of the first member of Shahejie Formation(Es:?)
to the third member of the Dongying Formation(Ed:) in the Qikou Sag of the Bohai Bay Basin. The results show that

there are four types of oil and gas migration from the source rock of Ess, the Nandagang fault and the mudstone



caprock of Es1* to Ed. It shows that this method is feasible to study the distribution of source-fault-cap coupling oil
and gas migration to overlying reservoirs.

Keywords: source-fault-caprock matching; hydrocarbon migration form; distribution location; research method.
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Evaluation Model and Application of Remaining Qil Potential

Based on Combined Weight Method

In response to the issue of excessive reliance on subjective experience in determining indicator weights for
remaining oil potential evaluation in high-water-cut oilfields, an evaluation model based on the combined
weighting method and fuzzy comprehensive evaluation was developed. Appropriate evaluation indicators were
selected by comprehensively considering remaining oil reserves and ease of extraction. The Analytic Hierarchy
Process and entropy weight method were employed to calculate subjective and objective weights, respectively, and
a fuzzy comprehensive evaluation model was established to assess remaining oil potential. Taking actual
production blocks in the oilfield as the research subject, the evaluation results indicate that the overall potential of
remaining oil in the production blocks is relatively limited. Multiple layers require further potential tapping
through measures such as optimizing injection-production patterns, implementing refined water flooding, or
applying tertiary oil recovery techniques. This evaluation model effectively reduces subjectivity in weight
assignment, enhances the reliability of the evaluation results, and provides a scientific basis for assessing
remaining oil potential and formulating corresponding extraction strategies.

Keywords: remaining oil, analytic hierarchy process (AHP), entropy weight method, combined weighting, fuzzy

comprehensive evaluation.

Yi Qin?, Yanrong Huang'?® s, Yingying Wang?*, Zhijiang Zhao®, Chuanhui Zhu?, Jihong Wang®, Bo Wei®

1 School of Economy and Management, School of Computer Science and Technology, College of Electrical
Engineering, Zhejiang University of Water Resources and Electric Power, Hangzhou, China;

2 Department of Computer Science, University of Jaen, Jaen, Spain;

3 Zhejiang Institute of Water Culture, Hangzhou, China;

4 School of Philosophy, Guizhou University, China;

® School of Information Science and Engineering (School of Cyber Science and Technology), Zhejiang Sci-Tech
University, China;

6 School of Computer Science and Technology (School of Artificial Intelligence), Zhejiang Sci-Tech University,
Hangzhou, China.

hyanrong@whu.edu.cn



Oil Import Demand Forecasting based on Machine Learning Technology

under Energy Transformation Background

Oil demand forecasting is an essential national energy security and economic development issue. With the
acceleration of global energy transformation, countries gradually replace traditional energy with new energy to
ensure a safe and stable national energy supply. This paper intends to explore the impact of the increase in the
supply of new energy, such as wind energy, solar energy, hydropower, and nuclear energy, on the demand for oil
imports in the context of energy transformation. Through the analysis of the relationship between the alternation of
new and old energy, and the collection of China’s statistical yearbook data, the combination of key indicators is
determined using the grey correlation method and machine learning method. A prediction method for oil import
demand with the highest prediction accuracy and stability is proposed through the comparative experiments of
different models.

Keywords: energy transformation, oil demand, forecast, machine learning.

Lyu Yils, Ming Wang!, Huan Liu?, Cheng He?, Yihan Cao? Yi Sun?

! China Oil & Gas Piping Network Corporation Beijing Pipeline Co., Ltd., Beijing, China;

2 China Petroleum Longhui Technology Co., Ltd., Langfang, Hebei, China;

% No.6 Qil Production Plant, PetroChina Changging Oilfield Company, Xi’an, Shaanxi, China;

4 Shunan Gas Field of PetroChina Southwest Oil and Gas Field Company, Luzhou, Sichuan, China.
ylyu02822@gmail.com

Analysis of New Technologies for Corrosion Monitoring and Protection of Gas Pipelines

Corrosion is a major factor threatening the operational safety of gas pipelines. To assess pipeline corrosion rates,
this study introduces intelligent resistance probe technology, providing a systematic overview of its principles and
components. Additionally, nano-composite coating materials are introduced to explore this novel protection
technology. Finally, an integrated study on the application of intelligent monitoring and nano-protection
technologies is conducted to lay the foundation for ensuring the safe operation of gas pipelines. The research
results indicate that intelligent resistance probe technology enables real-time monitoring of gas pipeline corrosion
rates. Pipeline corrosion risk assessment is based on accurate corrosion rate measurements, combined with
pipeline operational parameters and environmental factors, to comprehensively determine whether severe
corrosion risks exist. Compared with traditional anti-corrosion coatings, nano-composite coatings exhibit
significant technological advantages, including enhanced protective performance, extended service life, excellent
wear resistance, and superior environmental adaptability. These characteristics make them an ideal choice for
long-term corrosion protection of gas pipelines, particularly in harsh environments such as acidic soils and
microbial corrosion.

Keywords: gas pipeline, corrosion monitoring, intelligent resistance probe technology, new protection technology,

nano-composite coating.
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Experimental Study on the Influence of Drilling Fluids on the Rock Mechanics of Shale

This study takes the shale of the Jurassic Da’anzhai Member in the Sichuan Basin as the research object. The
mineral composition, microstructure and physicochemical properties of the shale were systematically analyzed via
X-ray diffraction, scanning electron microscopy, basic physical property testing, rolling recovery tests, linear
expansion rate tests, wettability tests and triaxial mechanical experiments. The results indicate that the shale has a
high clay minerals content (average of 58.52%), which is mainly composed of illite and chlorite. It is characterized
by well-developed microfractures, strong oil wettability and easy hydration when in contact with water. After
soaking in the JFS water-based drilling fluid, the compressive strength and elastic modulus of the core decrease
significantly, with the reduction rates reaching 43.1% and 50.3%, respectively. The mechanical properties further
deteriorate as the soaking pressure (1-7 MPa) increases and the soaking time (1-15 days) increases. By optimizing
the drilling fluid system, it was found that adding 50% organic salt inhibitor effectively alleviated the strength
weakening. Compared with those of the unoptimized system, the compressive strength and elastic modulus increase
by 14% and 16.2%, respectively. These findings provide a theoretical basis and technical support for the selection
of drilling fluids and the maintenance of wellbore stability in the Da’anzhai Member shale formation.

Keywords: Da’anzhai, rock mechanics, drilling fluid, strength characteristics.
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Controlling Bottom-Water Coning Using a Degradable Temporary Barrier during Plugging

and Conductivity Loss after Hydraulic Fracturing

CAPMs, a newly developed degradable sinking agent, shows promise in forming effective barriers to control
fracture height without damaging the reservoir. Laboratory experiments were conducted to evaluate the plugging
and removal abilities of CAPMs. These experiments simulated the deployment and compaction of the sinking agent
within fractures and tested the conductivity of closed fractures post-degradation and post-acid etching. The results
indicate that CAPMs forms effective barriers with significant pressure-bearing capacities in both initial and stable

states. Initial barriers in steel cores showed a decrease in pressure-bearing capacity with increasing fracture



width, whereas stable barriers in carbonate cores exhibited increased pressure-bearing capacity with wider
fractures. According to the net pressure during the acid fracturing process of the carbonate reservoir in the
Gaoshiti gas field, which is approximately 5-7MPa, effective barrier is predicted to form at a fracture width of 2-4
mm at the fracture’s bottom. Furthermore, fractures subjected to residual acid etching displayed a significant
decrease in conductivity with increasing closure stress, however a minimal level of conductivity remained.
Non-etched fractures showed significantly lower conductivity compared to etched ones under the same stress
conditions, and high closure stress resulted in almost complete loss of conductivity, effectively isolating bottom
water and preventing high water production. In conclusion, the degradable sinking agent CAPMs demonstrates
substantial pressure-bearing capacity and effective barrier formation during acid fracturing operations. Following
degradation, CAPMs minimizes reservoir damage and effectively isolates bottom water, offering a promising
solution for managing deep carbonate reservoirs.

Keywords: acid fracturing, degradable sinking agent, fracture height control, bottom-water, fracture conductivity.
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Enhancing Microfracture Conductivity in Gas Shale Using Micro-Proppants

The simulated hydraulic fracturing experiments revealed that microfractures accounted for a relatively high
fracture surface density, approximately two-thirds of the total fracture surface area, with an average fracture width
of 0.245 mm. These microfractures constitute a critical component of the volumetric fracture network that develops
in shale gas wells after hydraulic fracturing. The fracture conductivity tests under unsupported conditions indicated
that both shear-slip and open-type microfractures exhibited limited conductivity under high closure stress, falling
short of the optimal level required for effective gas-well stimulation. This observation was consistent with the rapid
decline in post-fracturing production and confirmed that the low long-term conductivity of microfracture systems
constrains the gas-supply capacity of wells. To address this limitation, the use of fine-grained proppants (typically
< 300 pm) was proposed to mitigate the stress sensitivity of microfractures, reduce mechanical damage, and
enhance fracture conductivity. Experimental results demonstrated that micro-proppants effectively preserved
microfracture conductivity under high closure stress; however, the conductivity was highly dependent on proppant
concentration. An optimal placement concentration was identified, reflecting the transition in the dominant role of
micro-proppants within microfractures, from propping at low concentrations to plugging when excessive. Excessive
proppant loadings increased fracture spacing but reduced the effective seepage area, leading to diminished flow

capacity. Consequently, an optimal micro-proppant placement concentration was determined to ensure the



long-term retention of high conductivity. In this study, the optimal value was 0.078 kg/m2 for microfractures with
an average width of 0.261 mm under high closure stress. These findings provide valuable guidance for optimizing
proppant design and enhancing fracture reconstruction efficiency in shale gas reservoirs.

Keywords: gas shale, induced microfracture, microproppant, conductivity, placement concentration.
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Foam Stability and Its Microscopic Response Behavior

Foam stability is a critical factor influencing the drainage efficiency of foam-assisted deliquification in deep
coalbed methane (CBM) reservoirs. This study investigated the macro- and micro-scale stability characteristics of
two foam drainage agents from a deep CBM block in China. The effects of four key parameters on macro-stability
performance were investigated using static evaluation methods, including -salinity, temperature, pH, and
concentration. Simultaneously, polarized light microscopy was employed to characterize microstructural features
including bubble morphology, population density and size distribution, thereby elucidating the dynamic
macro-micro interactions. The results demonstrated that the high-salinity conditions prevalent in deep CBM
development significantly alter the interfacial tension of foam drainage agents. Experimental quantification
revealed the sensitivity hierarchy of parameters affecting the drainage half-life as follows: salinity > temperature >
pH > foam drainage agent concentration. Microstructural analysis showed that bubble coarsening rates were
effectively suppressed under low-temperature and neutral-pH conditions, while exhibiting accelerated growth
kinetics in high-temperature, high-salinity environments, leading to compromised foam stability. Although
generally consistent with macroscopic trends, certain operational regimes displayed divergent macro-micro
behaviors, highlighting the necessity of multiscale investigation approaches. The established macro-micro
correlations provide fundamental insights for optimizing foam-assisted deliquification operations and developing
targeted defoaming strategies in deep CBM reservoirs, offering both theoretical guidance and practical
significance for field applications.

Keywords: foam drainage agent, foam stability, governing factors, liquid drainage rate, microscopic
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Research on Descaling and Decongestion Technology

of Ground Gathering and Transportation System

In this paper, for the scaling phenomenon in the gathering and transmission system of Block A, combined with
on-site research, scale sample collection and water quality experiments, we systematically analyzed the types,
causes and main influencing factors of scaling, and made it clear that the scaling is mainly calcium carbonate,
accompanied by a certain amount of magnesium carbonate and silicate scale, and its formation is closely related to
the pH value, temperature, ionic composition and time. Aiming at the problems of fast reaction speed, uneven
cleaning and secondary deposition in the practical application of traditional descaling technology, the study
introduces foam acid descaling technology, and systematically carries out the evaluation of scale dissolving
performance, retardation performance, oil washing ability, suspension ability and corrosion inhibition
performance of foam acid, and the experimental results show that the foam acid system has a significant advantage
in the high efficiency of descaling, prolonging the reaction time, reducing the damage of corrosion, and removing
the organic inclusions. Through the on-site application of two test wells, the foam acid descaling operation
effectively removed 7-9mm thickness of scale in the tubing, significantly reduced the wellhead backpressure to
normal level, and the success rate and effect of the construction reached 100%. The study shows that the foam acid
descaling technology is suitable for the complex working conditions of high temperature, high mineralization and
high oil content of scale samples in M Qilfield, and has good prospects for promotion. Finally, the article suggests
that it is necessary to further promote the intelligent monitoring and predictive anti-scaling technology of the
gathering and transportation system, so as to promote the development of oilfield gathering and transportation
system in the direction of green, high efficiency and intelligentization.

Keywords: scaling mechanism, descaling efficiency, corrosion inhibition performance, descaling and unblocking.
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A High-Accuracy Gaussian Process Regression Model

for Gas Flow State in Compressor Stations Based on Simulation Data

This study proposes an improved Gaussian Process Regression (GPR) model for accurate pressure prediction
within the compressor station. First, due to the limited operating conditions available from the data source of
station, a steady-state compressor station simulation model is constructed for high-quality training dataset
generation. Subsequently, the Latin Hypercube Sampling (LHS) is used to generate simulation data encompassing a
wide range of operating conditions. Furthermore, an adaptive sampling method is employed to accurately select

samples in the regions with multiple local extrema that significantly influences model accuracy. In addition,



informed by physical mechanics, a hybrid kernel structure is designed to enhance nonlinear fitting ability of GPR
model. The proposed GPR model is validated on both simulated and actual station data, demonstrating superior
accuracy over basic data-driven models. Moreover, the data-driven approach drastically improves computational
efficiency.

Keywords: compressor station monitoring, gaussian process regression, hybrid kernels, adaptive sampling.
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Some approaches for Heavy Oil Displacement Compound Development

Based on Internet of Things Monitoring Data

Heavy oil displacement compound development involves drastic changes in formation temperature and seepage
conditions. Traditional methods relying on manual monitoring and empirical judgment are often delayed, making it
difficult to timely reflect dynamic development performance. To address this problem, this study establishes an
evaluation and early warning system for heavy oil displacement compound development based on Internet of
Things (1oT) monitoring data. The study first introduces the system design and methodology, then discusses the
system architecture and implementation, and finally conducts case studies and application validation, laying a
foundation for improving the effectiveness of heavy oil displacement compound development. Research results show
that, through application verification in a typical heavy oil field, the system achieves closed-loop operation from
monitoring and evaluation to early warning and decision-making. It significantly improves production efficiency,
reduces unit energy consumption and CO2 emissions, and enhances safety response capability. The conclusion
indicates that the system has good feasibility and promotion value, and can provide technical support for the
digital, intelligent, and green transformation of heavy oil development.
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Sweet-Spot Evaluation in a Highly Heterogeneous Tight Sandstone Gas Reservoir

The efficient development of tight sandstone gas reservoirs is severely challenged by profound heterogeneity, which
leads to complex pore structures and highly variable permeability, making sweet-spot prediction extremely difficult.
Traditional porosity-permeability models often fail in such reservoirs. This study proposes a novel workflow that
integrates the hydraulic flow unit (HFU) concept with the XGBoost machine learning algorithm to accurately
characterize and predict sweet-spots in the Shaximiao Formation (J2s) of the ZT Gas Field, Sichuan Basin. First,

four distinct HFUs were classified based on the Flow Zone Indicator (FZI) derived from core data, effectively



capturing the pore-throat characteristics controlling fluid flow. Subsequently, the XGBoost model was trained to
predict HFU categories using conventional well logs (DEN, CNL, AC, RT) and derived parameters. The model
achieved a high prediction accuracy (>92%), enabling the application of HFU-based permeability models across
non-cored intervals and wells. The spatial distribution of HFUs revealed that sweet-spots (HFUs | & II) are
predominantly developed in specific sedimentary microfacies. Critically, production data confirmed that high-rate
wells are exclusively located within these predicted sweet-spot areas, validating the reliability of our method. This
integrated approach provides a robust and practical tool for sweet-spot evaluation, which is crucial for optimizing
well placement and development strategies in heterogeneous tight gas reservoirs.

Keywords: highly heterogeneous, tight gas sandstone, sweet-spot evaluation, hydraulic flow unit (HFU), machine
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Analysis of the Mixing Performance of a Novel Gas Mixer

To evaluate the mixing performance of the novel mixer, a numerical simulation method was employed to investigate
the internal flow field characteristics and phase volume fraction distribution. The results indicate that the maximum
pressure occurs at the middle section of the central tube, and the pressure difference between this section and the
outlet tube leads to the highest flow velocity within the right-hand rotating channel of the central tube. The gas
emanating from the right-hand rotating channels (Layers 4 to 11) reaches the mixer’s inner wall. Under the
combined influence of this gas and the tangentially injected gas from the side inlet, the entire flow inside the mixer
assumes a clockwise pattern. Guided by the upper and lower curved plates on the inner wall, the side-injected gas
drives the surrounding flow along the inner wall toward both ends of the mixer. After impinging on the end caps,
the flow reverses direction and moves along the outer wall of the central tube toward the central outlet tube, where
it is discharged. Ultimately, a three-dimensional flow pattern is established: horizontally, the gas flows clockwise
within each layer, while vertically, it exhibits a counter-rotating structure with counterclockwise motion in the
upper half and clockwise motion in the lower half. This flow pattern effectively enhances gas mixing. This
conclusion is supported by the observed uniform oxygen concentration distribution across different layers, with
minimal variation. Furthermore, the relative error between the simulated and theoretical oxygen content at the
outlet is only 3.65%, which further validates the high mixing efficiency of the novel mixer design.

Keywords: static mixer, air drilling, volume fraction, numerical computation.
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Experimental Investigation of Near-wellbore Permeability Enhancement

by Hydrodynamic Cavitation Stimulation

Hydrodynamic cavitation is a promising technique for near-wellbore permeability enhancement. This study
experimentally investigates the effects of organ-pipe geometrical configuration parameters, jet hydraulic power,
pressure drop, discharge rate, standoff distance, and treatment duration on permeability enhancement in sandstone
cores. The results show that increasing the jet hydraulic power and decreasing the hydraulic transmission
efficiency, while keeping the geometrical configuration parameters within optimal value ranges, leads to
high-intensity stimulation and maximizes permeability enhancement within a short treatment duration. Under a jet
hydraulic power of 23.7 kW, a discharge rate of 72.9 L/min, and a pressure drop of 32 MPa, Nozzle 1 achieved
maximum, average and minimum permeability enhancement rates of 102.5%, 37.2% and 22.8% respectively within
the standoff distance of 0.8 m after a 30-minute treatment, demonstrating the effectiveness of hydrodynamic
cavitation for near-wellbore permeability stimulation. However, the rapid permeability enhancement in rock cores
near the cavitation tends to inhibit further enhancement at larger standoff distances. To achieve more uniform and
sustained permeability enhancement across a broader region during long-duration treatment, it may be necessary
to moderate the stimulation intensity.

Keywords: hydrodynamic cavitation, organ-pipe nozzle, near-wellbore, permeability, stimulation.
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Research on the Relationship between Electricity and Renewable Energy

With the continuous increase in the penetration rate of renewable energy in the power system, its volatility and
intermittency pose serious challenges to the stable operation of the power grid. This article proposes a power
demand and renewable energy generation prediction model based on a dual stream TBATS-CNN-LSTM hybrid
neural network for the complex interaction between the power system and renewable energy. This model combines
the multi seasonal processing capability of TBATS model, the spatial feature extraction capability of convolutional
neural network (CNN), and the temporal dependency modeling advantage of long short-term memory network
(LSTM), which can effectively capture the complex changes in renewable energy generation and power load. By
constructing a comprehensive simulation system covering wind power generation, photovoltaic power generation,
and traditional power loads, the superiority of the model in terms of prediction accuracy and generalization ability
was verified. The research results indicate that the model can provide effective technical support for optimizing the
operation of the power system under high proportion of renewable energy access, and promote the large-scale
consumption of renewable energy. This work has important theoretical significance and practical value for
promoting the construction of new power systems and low-carbon transformation of energy structures.

Keywords: renewable energy, power system, TBATS, CNN, LSTM, predictive model, simulation analysis.
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