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M. I0. /lonomamos, A. H. bvicmpos, P. H. Xaiipyounos, H. A. 7Kypaeneesa,

U. P. Xaiipyounos, K. B. Caovikosa

Y dbumckuit Tocy 1apcTBEHHBIN HEPTIHOM TEXHUYECKUH YHUBEPCUTET

mdolomatov@bk.ru

MartemaTin4decKoe MOIeJIHPOBAHIE MAKPOKHHETHKH TEPMOJIN3A CJIOKHBIX YIJI€BOAOPOIHBIX CHCTEM
Paccmompenvr cmoxacmuueckue mamemamuyeckue MOOenU KUHETMUKU MEPMOIU3A CLOACHBIX Hehmeno0oOHbIX
V2ne8000POOHBIX CUCEM C UCHONIb30BAHUCM MATHEMAMUYECKOU CTHAMUCTIKY U TNeOPUU CTYYAIHbIX NPOYECCOos.
Mamemamuueckoe Mooeauposarue noKa3aio, 4mo npoyecc mepmMoIU3ad A6IAemcs KOIIeKMUSHbIM, He3ap200UuecKuM
U HeCMAaYUOHAPHLIM. YCmMaHo8Ienbl Kpumepuu npu Komopbuix y2ne6000po0Hble CUCHEMbl HOOYUHAIOMCA
KUHEeMU4eCKUM 3aKOHAM nepeozo nopsadka u Aepamu. Ha npumepe mepmonusza avlcoko6:a3xoil Anbuayunckoii Hegpmu
NOKA3AHO, YO KUHEMUKA 8bIX00d 2A3000PA3HBIX NPOOYKINOE MEPMOAUZA TyHULe ONUCHIBAIONCS MOOENIMU
CMAaYUOHAPHOU KUHEMUKU, A MOOENU 8bIX00a OCMAMKO8 U OUCMUTIINOE MOOEAMU HECMAYUOHADHOU KUHEMUK.
Ycemanoeanennwle 3akonomeprocmu mozym Oblims UCHONBL30BAHBL NPU MOOETUPOBAHULU TNEPMULECKUX

U MepMOKaAmMaIumu4eckux npoyeccos Hegpmexumuu u Hegpmenepepabomxiu.

KiroueBble cji0Ba: TEpMOIIH3, 3aKOH ACHCTBYIOIIMX MacC, MHOTOKOMIIOHEHTHBIE CHCTEMBI,

CJIy‘-IElfIHLIG IIPOLCCChI, BLICOKOBA3KUC He(i)TI/I, HECTalMOHapHas KUHCTHUKA.

10.32935/0023-1169-2023-638-5-3-7

M. Yu. Dolomatov, A. 1. Bystrov, R. I. Khairudinov, N. A. Zhuravleva, 1. R. Khairudinov, K. V. Sadykova

Ufa State Petroleum Technological University

Mathematical Simulation of Macrokinetics of Thermolysis

of Complex Hydrocarbon Systems

Stochastic mathematical models of thermolysis kinetics of complex oil-like hydrocarbon systems using mathematical
statistics and the theory of random processes are considered. Mathematical modeling shows that the thermolysis
process is collective, non-ergodic and non-stationary. The criteria for which hydrocarbon systems obey the kinetic
laws of the first order and Abraham are established. Using the example of thermolysis of high-viscosity Alshacha oil,
it is shown that the kinetics of the release of gaseous products of thermolysis are better described by models of
stationary kinetics, and the models of the release of residues and distillates by models of non-stationary kinetics. The
established regularities can be used in modeling thermal and thermocanalytic processes of petrochemistry and oil
refining.

Key words: thermolysis, law of acting masses, multicomponent systems, random processes, high-viscosity oils,

unsteady kinetics.

M. IO. /lonomamos

Y bumckuit Tocy 1apcTBEHHBIN HEPTIHOM TEXHUYECKUH YHUBEPCUTET

mdolomatov(@bk.ru

3aKOHOMEPHOCTH KHHETHKHU TEPMOJIN3a B CJI0KHBIX YTJIEBOOPOIHBIX CHCTEMAX

Ob600wenvl 3aKOHOMEPHOCMU RPOYECCO8 MEPMONU3A U KAPOOHUAYUU 8 CLONCHBIX Y2Ne8000POOHbIX CUCeMaX —

npodykmax nepepabomxu Hegpmu u ux paxyusx. Iloxazano, umo 6 yene6000poOOHbIX cucmemMax 6ciedcmeaue



OEpPHYINEBCKO20 U 2A)CCOBCKO20 PACHpedeeHUsl COCMABA NO MEPMOOUHAMULECKUM DYHKYUAM U IHEPSUAM
aKmueayuu, NPOMeKarom npoyeccyl CamMoOB80OCHPOU3BOOUMOCHIU 2OMONI0208 Y2le8000p00os. [lokazano, umo npoyeccol
mepmonu3a u KapooHu3ayuu onpeoessiomcs KOIeKMUGHbIM 83auUMO0etcmauem MoaeKyil Cmamucmuyeckoll u
MepMOOUHAMUYECKOU NPUPOObLL. IMu 83AUMOOUCTBUS CNOCOOCMEYIOM OMKIOHEHUAM OM 3aKOHA 0eticmByIouWux
macc, 00ycnoenusarom KuHemuyeckuti KOMNeHCayuoH bl dh@ekm mepmonusd, a maxdice 3a6UCUMOCHb BbIX00A
yenepooa om dHepaul aKmusayuu 6a3K020 meveHus U CpeoHUx 31eKmpoO0OHOPHLIX XapaKmepucmuK KOMNoHeHmos
cpeovi. Obnapysicennbie 3aKOHOMEPHOCIU NOOMBEPHCOCHBL IKCNEPUMEHMAMU U MO2YM OblMb UCHOIb308AHbL

6 pacuemax 05l ONMUMU3AYUU NPOYECCO8 Hehmexumuu u Heghpmenepepabomxu.

KioueBble ci10Ba: TepMOJIN3, HEPTAHBIE OCTATKH, YIIIEBOAOPOIHBIE CUCTEMBI C XA0COM XHMHUUYECKOI'0 COCTABA,
KOMITEHCAMOHHBIN 3¢ (eKT, MeKMONIEKyIIpHBIC B3aUMOACHCTBHSL.

DOI: 10.32935/0023-1169-2023-638-5-8-13

M. Yu. Dolomatov

Ufa State Petroleum Technological University

Regularities of Thermolysis Kinetics in Complex Hydrocarbon Systems

The regularities of thermolysis and carbonation processes in complex hydrocarbon systems — oil refining products
and their fractions are generalized. It is shown that in hydrocarbon systems, due to the Bernoulli and Gaussian
distribution of composition by thermodynamic functions and activation energies, processes of self-reproducibility of
hydrocarbon homologues take place. It is shown that the processes of thermolysis and carbonation are determined by
the collective interaction of molecules of statistical and thermodynamic nature. These interactions contribute to
deviations from the law of acting masses, cause the kinetic compensation effect of thermolysis, as well as the
dependence of carbon yield on the activation energy of the viscous flow and the average electrodonor characteristics
of the medium components. The discovered patterns have been confirmed by experiments and can be used in
calculations and optimization of the processes of petrochemicals.

Key words: thermolysis, oil residues, hydrocarbon systems with chaos of chemical composition,

compensation effect, intermolecular interactions.

M. IO. /lonomamos, B. I1. 3anopun, /I. 3. Bypanzynos, M. M. /lonomamosa, I. M. Xamaoanuesa, U. B. Kazaes

VY dumMmckuii rocy 1apCcTBEHHBINH HEPTAHONW TEXHUYECKUH YHUBEPCUTET

mdolomatov@bk.ru

Kunernuyeckue 0CO0€HHOCTH TEPMOJIM3a ra30iljieil KATAJIUTHYECKOT0 KPEeKMHTa

H3yuena gvicokomemnepamypHas MAKpOKUHEMUKA Npoyecca mepmoau3a MaioCepHucmozo 2a3ouisl
Kamanumu4eckoeo KpeKuHea ¢ hopmuposanuem ueoabyamoeo Kokca. IKCnepumenmol npogoouny Ha 1adopamopHol
YCMAaHOoBKe ¢ Keapyesvim Muxpopeaxmopom npu memnepamype 450-500°C u npoooadxcumenvrocmu npoyecca

00 300 mun. Yemanosieno, umo npoyecc a6asiemcst 08YXCMaOUiHbiM U NOOYUHAEMCs YpasHeHuo muna Aepamu —
Epodgeesa, koncmanma cxopocmu npoyecca na obeux cmaousx umeem ough@ysuonusiti xapaxkmep. Iloxkazano, umo
nepeas Cmaousi NPOYecca CeA3aHa ¢ UCRAPeHUueM JIe2KUX Gpakyuil u 0ecmpyKyuu Ciabblx XUMU4eckux cesnzetl

6 KomMnonenmax. Bmopas cmaous exirouaem mepmMOKOHOEHCAYUIo NOTUYUKIUYECKUX Y2le8000P0008 ¢ 00pa308anuem



Me30¢a3zvl u u2onbyamozo Kokca. Pezyismamol ucciedosanusi nOOMEEPHCOAomMcst OAHHbIMU INEKMPOHHOZO
NAPAMACHUMHO20 PE30HAHCA U DNIEKMPOHHOU (PeHOMEHOIOSUYECKOU CHEKMPOCKONUU.

KawueBble c10Ba: TepMOJIN3, MAKPOKUHETHKA, KOHCTAHTa CKOPOCTH, SHEPTHUS aKTHBALIH,

MOJIEKYJISIpHAsl Macca, apaMarHuTHBIC IIEHTPBI

DOI: 10.32935/0023-1169-2023-638-5-14-18

M. Yu. Dolomatov, V. P. Zaporin, D. Z. Burangulov, M. M. Dolomatova, G. M. Khamadalieva, 1. Z. Kazaev

Ufa State Petroleum Technological University

Kinetic Features of Thermolysis of Catalytic Cracking Gas Oil

The high-temperature macrokinetics of the process of thermolysis of low-sulphur catalytic cracking gas oil with the
formation of needle coke was studied. The experiments were carried out on a laboratory setup with a quartz
microreactor at temperatures of 450-500 °C and a process duration of up to 300 min. It was established that the
process is two-stage and its kinetics obeys the Avrami-Erofeev equation, the rate constant of the process at both
stages has a diffusion character. The second stage includes thermal condensation of polycyclic hydrocarbons with the
formation of mesophase and needle coke. The results of the study are confirmed by optical microscopy in polarized
light, data of electron paramagnetic resonance and electron spectroscopy.

Key words: thermolysis, microkinetics, rate constant, activation energy, molecular weight, paramagnetic centers.

B. II. 3anopun, /. ®@. Ocunenxo, C. B. Cyxoe

Y bumMmckuit Tocy 1apcTBEHHBIN HEPTIHOM TEXHUYECKUH YHUBEPCUTET

inftek@yandex.ru

O BAMSIHUM THAPOIMHAMUYECKUX YCIOBHIi MPH KOKCOBAHUHU HA CTPYKTYPY MOJIY4aeMOro KOKca

Tonyuenue 6b1cOKOAHUZOMPONHOU CIPYKIMYPbL USOTBUANBIX KOKCO8 3A8UCUM HE MObKO OM KAYECMBA UCXOOH020
CHIPB3L, HO U OM 2UOPOOUHAMUYECKOU 0OCMAHOBKU 8 KOKCOBOU Kamepe, hopmupyioweics @ pe3yibmame cO8UL08bIX
HAanpsicenuti Me30QasHol Mampuybl ROMOKAMY 8bl0ENAIOWUXCA NAPO2AZ06bIX NPOOYKINOE OUCTIUTLIAMA KOKCOBAHUSL
U HenpepwlgHOU nodayell colpvs. B pabome npedcmasnenvl pe3yibmamol UCCIe008AHUL NO U3YUEHUIO Kauecmsed
UONLYAMBIX KOKCOB, NOYYAEMbIX NPU KOKCOBAHUU 8 CIAMUYECKUX U OUHAMUYECKUX YCA0BUSX.

Iokasano, 4mo MuKpOCmMpyKmypHas 0p2anu3ayus KOKCO8 MO}cem 00CmMAamoyHo CUIbHO OMIUYAMbCS

8 3A8UCUMOCIU 0N MEXHOJI02UU KOKCOBAHUAL.

KuiioueBble cj10Ba: UTOIBYATHIN KOKC, KOKCOBasi Kamepa, Me30(a3Has MaTpuIla,

CABUTOBbIE HAIIPSDKEHUS, MUKPOCTPYKTYPHAasi OpPraHU3aLusi KOKCOB.

DOI: 10.32935/0023-1169-2023-638-5-19-24

V. P. Zaporin, D. F. Osipenko, S. V. Sukhov

Ufa State Petroleum Technological University

On the Influence of Hydrodynamic Conditions during Coking

on the Structure of the Resulting Coke

The production of a highly anisotropic structure of needle coke depends not only on the quality of the raw material,

but also on the hydrodynamic situation in the coke chamber formed as a result of shear stresses of the mesophase



matrix by the flows of released steam-gas products of coking distillate and continuous supply of raw materials. The
paper presents the results of studies on the quality of needle coke obtained during coking in static and dynamic
conditions. It is shown that the microstructural organization of coke can differ quite a lot depending on the coking
technology.

Key words: needle coke, coke chamber, mesophase matrix, shear stresses, microstructural organization of coke.

B. I1. 3anopun’, C. B. Cyxoé', H. A. Illaopur?, /. @. Ocunenko’

'V pumckuii rocyiapcTBEHHBIN HEYTAHON TEXHUYECKUH YHUBEPCUTET,

2000 «bBammrunponedhrexum

inftek@yandex.ru

O BbIOOpE TeXHOJIOTHM 3aMeJIEHHOT0 KOKCOBaHUS

Ha CTAMHU NPeaNPOeKTHON pa3padoTKM UCXOAHBIX JAHHBIX

IIposedeno conocmasnenue mexHon02UUeCKUx cXxem YCMaHo08oK 3aMeONeHHO20 KOKCOBAHUS, IKCNILYAMUPYEMbIX

6 Hacmoawjee epems na HII3. [lokazano, umo poccutickas mexnono2us H08020 NOKOAEHUs O CPAGHEHUIO

€ TUYEHIUOHHBIMU MEXHOTOSUAMYU 3APYOEINCHBIX PUPM UMeem NPeUMyujecmed no IKCHILYamayuoHHOU HA0EHCHOCU,
nPOU3800UMETLHOCTNU U BO3ZMONCHOCHIU NPOU3BOOCMBA PA3IUYHBIX U0 KOKCA

KioueBble c10Ba: TEXHOIOTHUS 3aMEJIEHHOTO KOKCOBaHUS, KO3()(QUIIMEHT peUpKYIISLNN, TPOU3BOIUTEIBHOCTS,
CTaJusI IPOrpeBa KOKCOBBIX KaMep, TOIUIMBHBIN KOKC, KOKCYOIasi 100aBKa.

DOI: 10.32935/0023-1169-2023-638-5-25-28

V. P. Zaporin', S. V. Sukhov', 1. A. Shadrin®, D. F. Osipenko'

! Ufa State Petroleum Technological University,

? Bashgiproneftekhim LLC

On the Choice of Belayed Coking Technology at the Stage

of Pre-Project Development of Initial Data

A comparison of technological schemes of delayed coking units currently operated at the refinery has been carried
out. It is shown that the Russian technology of a new generation in comparisonwith the licensed technologies of
foreign firms has advantages in operational reliability,productivity and the possibility of producing various types of
coke.

Key words: delayed coking technology, recirculation coefficient, productivity, coke chambers heating stage,

fuel coke, coking additive.

B. I1. 3anopun, A. III. @a3vinos, C. B. Cyxoe

VY dumcknii rocy 1apCcTBEHHBIH HEPTAHONH TEXHUYECKUH YHUBEPCUTET

inftek@yandex.ru

Yriepoanbie 100aBKH HE(PTAHOI0 MPOUCXOMKICHUSA B YTOJbHbIC INMXTHI U MEPCNEKTUBBI

HX IPOMBINIIEHHOI'0 IIPOU3BOACTBA

Paccmompena o3moarcnocms K8anUGUYUPOSAHHO20 UCHONILI0BAHUS MAICENBIX HEPMAHBIX OCTNAMKOE U OMX0008

Heghmenepepabomku 6 kavecmee y2iepoonblx 000ABOK 8 Y20 IbHbLE WUXMbL NPU NPOUZBO0CHIEE MEM ALY PSULECKO20



Kokca. Bosneuenue negpmexkokcogou menouu u Koxcyoueli 000a8KU 8 Y2oabHble WUXMbL NO36OJISIEN CYULeCMBEHHO
VAVYUWUMb IKCHIYAMAYUOHHbLE CBOUCMEA OOMEHHO020 KOKca. Paccmomperuvl u conocmagienvl umerouwuecs u
nepcnexkmuervle mexnolocuu NoryYerusl Cnekaroujux 000a80K C UCNOIL30BAHUEM MANCEbIX HequﬂHblx ocmamkKoas.
KiaroueBble ¢10Ba: YrojbHasl MIKUXTa, HeQTEKOKCOBAs MEJI0Yb, KOKCYIOIIast 100aBKa,

He(TsHAs CrieKaroias 100aBKa, 3aMe/IJICHHOE KOKCOBaHKE, BUCOPEKHUHT.

DOI: 10.32935/0023-1169-2023-638-5-29-33

V. P. Zaporin, A. Sh. Fazylov, S. V. Sukhov

Ufa State Petroleum Technological University

Carbon Additives of Petroleum Origin in Coal Mines and Prospects

for Their Industrial Production

The possibility of qualified use of heavy oil residues and oil refining waste as carbon additives in coal charges in the
production of metallurgical coke is considered. The involvement of petroleum coke fines and coking additives in coal
charges can significantly improve the operational properties of blast furnace coke. The available and promising
technologies for obtaining sintering additives using heavy oil residues are considered and compared.

Key words: coal charge, petroleum coke fines, coking additive, oil sintering additive, delayed coking, visbreaking.

P. P. Inaee, A. @®. Axmemos, B. I1. /loces, H. P. @acxymounos, P. C. Hazapos, T. C. Oznesa

Y bumckuit Tocy 1apcTBEHHBIN HEPTIHOM TEXHUYECKUH YHUBEPCUTET

seriyjah@gmail.com

Pa3padoTka moJuMepHO-OUTYMHOI KOMIIO3MIIUM U ac(haTbTOOCTOHHOM CMecH Ha ee OCHOBe

C MpUMeHEeHHeM HeCTAHAAPTHBIX MOTH(PUKATOPOB

B pabome paccmampena o3moarcnocms Moouguxayuu HeKOHOUYUOHHO20 MOBAPHO2O DUMYMA € YErblo YAyUUuleHUs
€20 peono2uyecKux COUCME Ha npumMepe UCNOIb308AHUsL NODOYHO20 NPOOYKINA CELEKINUBHOU OUUCKU MACTAHBIX
OUCMUNIAMOE (IKCMPAKmMa) 6 kawecmee niacmuguyupyioujeii 0006a8KuU U NOIUMEPHO20 NPOMBIUIEHHO20 OMX00d —
nuLIe8UOHO20 noaudsmuienmepedpmanama. B xooe nabopamophuix ucciedosanuii viaeieHbl OCHO8HbIE HOKA3AMENU
UCXOO0H020 bumyma, bumyma c 000asieHuem YUcmo2o IKCMpaKma u ¢ 000asieHuem NOIUMEPHO-IKCMPAKIMHO20
pacmeopa. Ycmanosnena 603MOoHNCHOCHb YMUIUIAYUY NOJUMEPHBIX OX0008 C YIyUUEeHUEM C80UCME O0POIHCHOZO0
oumyma, a maxoice NOIYUeHUs HA €20 OCHOBE BbICOKOKAYEeCMBEHHOU X0N00HOU AChanbmobemoHHol cMecu.
KioueBble ciioBa: He(DTSIHOM JOPOKHBINA OUTYM, IBIIEBUIHBIA MOMUATHICHTEPEPTANIAT, SKCTPAKT CEIEKTHBHON
OYHUCTKHU MACTISTHBIX (Ppakiiuii, MoJIMMepHO-ONTYMHas: KOMIIO3ULIKS, acPambTOOETOHHAs CMECh, XOJIOIHBIH ac(anbT.
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Development of Polymer-Bitumen Composition and Asphalt-Concrete Mixture

Based on it Using Non-Standard Modifiers

The paper considers the possibility of modifying substandard commercial bitumen in order to improve its rheological

properties by the example of using a by—product of selective purification of oil distillates — extract as a plasticizing



additive and polymer industrial waste — pulverized polyethylene terephthalate. In the course of laboratory studies, the
authors identified the main indicators of the initial bitumen, bitumen with the addition of pure extract and with the
addition of polymer-extract solution. The paper reveals the possibility of recycling polymer waste with improving the
properties of road bitumen, as well as obtaining a cold asphalt concrete mixture based on it.

Key words: petroleum road bitumen, pulverized polyethylene terephthalate, extract of selective purification of oil

fractions, polymer-bitumen composition, asphalt concrete mixture, cold asphalt.
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WnctutyT HedTenepepaboTku M HePTEXUMUN Y GUMCKOTO TOCYAaPCTBEHHOTO

HEPTSIHOTO TEXHMYECKOTO YHUBEepcHUTeTa B T. CanaBare
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Honusgpuprnovie cmonvl Kak MOOUGUKAMOpPsL C80UCME bumyma

B pabome noxazana 6o3modicnocms cunmesa u npumeHeHust 051 MOOUGUYUPOBAHUSA CEOTICNE OUMYMO8
noausgupnvix cmon. Ionusgpuphuvle cmonvl nonyuanu peakyuei NOIUKoHOeHcayuu Kyo08o2o 0Cmamka
pexmugpuxayuu pmanesoco aneuopuoda ¢ 2iuyepuHom u ousmunenzauxoiem. Ilpu moouguyuposanuu oumymos
NOJYYEeHHbIMU 000ABKAMU YIAYHUULAIOMCS 3HAYEHUSA PACTANCUMOCIU, 21YOuHbl npoHuKanus ueast npu 25 u 0°C,
HU3KomemnepamypHole ceoticmea. Ilonyuenvt 6UMyMbl ¢ 8bICOKOU YCMOUYUBOCHBIO K MEPMOOKUCTUMENTbHBIM
npoyeccam CmapeHus. Ycmanosieno, 4mo npu UcCHoib308aHUU MOOUDUYUPOBAHHO20 2YOPOHA

NOJYYEeHHbIMU 00DABKAMU NO MEXHOL02UU NPOU3B0OCIBA OUMYMO8 OKUCIEHUE—KOMNAYHOUPOBAHUE

MOACHO NOYHUUMb OUMYMbL OOPOIHCHBIX MAPOK.

Kiaouessble c1oBa: OUTYM, TYAPOH, MOJU(PHUIIMPOBAHKUE, CHHTE3 JO00ABOK,

o3 (UpPHBIE CMOJIBL, KyOOBBIH OCTAaTOK (hTAaJICBOr0 aHTUAPHUAA.
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Polyester Resins as Modifiers of Bitumen Properties

The paper shows the possibility of synthesis and application of polyester resins for modifying the properties of
bitumen. Polyester resins were obtained by the reaction of polycondensation of the cubic residue of the rectification of
phthalic anhydride with glycerin and diethylene glycol. When modifying bitumen with the additives obtained, the
values of extensibility, the penetration depth of the needle at 25 and at 0 oC, and low-temperature properties are
improved. Bitumen with high resistance to thermo-oxidative aging processes has been obtained. It is established that
when using modified tar with additives obtained according to the bitumen production technology
"oxidation-compounding", it is possible to obtain bitumen of road.

Key words: bitumen, tar, modification, synthesis of additives, polyester resins, cubic residue of phthalic anhydride.
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K Bonpocy 0o TepMOOKHCIUTETHHOM CTAPEHUH He(PTAHBIX OUTYMOB H I'yIPOHOB

B pabome uccredosanvl 3asucumocms adee3uonnvix cgoucmas u pH 6umymos paziuunoii enyouHvl OKUCIeHUs U
2YOpOHA, CbIPpbs OUMYMHO20 NPOU3BOOCMBA Om epemenu cmapenus. [lokaszano, umo 6 bumyme ¢ ygeauueruem
271yOUMbl OKUCAEHUS NPU MEPMOOKUCTUMENLHOM CINAPEHUY NPOUCX00UmM U3MeEHeHUe MUna 0opazyiouuxcs
OKCOCOeOUHEeHU U KaK cle0cmaue a02e3uoHHbIX C80UCME. B 8blcOKONIABKUX Oumymax npu cmapeHuu uoem
UHmMeHCUBHOe 00PA308aHUe ACHATLMEHO8, CMO U ACPHATLIMOLEHHBIX KUCTION, KOMOPble NO3GOJISIIOM VIYYUUND
ao2e3uoHHble C8OUCMBA 8aMCYyUe2o. /sl HUSKONLABKUX OUMYMO8 XAPAKMEPHO UHMEHCUBHOE 00paA308aHue
KAPOOKCUTLHBIX U 2UOPOKAPOOKCUTLHBIX 2PYRN COeOUHEHUU, KOMOPble CHUNCAIOM A02e3Ul0 K Wel0YHbLM
MUHEPATIbHbIM MAMEPUANAM. YCMAHOBIEHO, YMO CKOPOCb CIAPEHUs 2YOPOHA YEeIUdU8aemcsl, d 01 OKUCTIeHHbIX
OUMYMO8 OHA HOCUM IKCMPEMANbHBLU Xapakmep, 20e MaKCUMAlbHble 3HAYEHUS HAOI0OAOMCA 8 Nepable Yachl
cmapenus. IIpednodiceno ucnonvb3oeams nokazamenb ao02e3ul U KUCIOMHOCHb 8 KOMOUHUPOBAHUU CO CMAHOAPMHbIM
nokasamenem Kayecmea — memMnepamypou pazmsacienus nocie cmaperus 0s noooopa KOMNOHEHMHO20 COCMasa
oumyma, noayuaemo20 no MexHOI02ULU OKUCIEHUEe—KOMNAYHOUPOsanue, a makxoice 01 paspabomku cnocovos,
NO360JAIOWUX CHUUMb CKOPOCHb CIAPEHUsi OUMYMO8 8 HAUAIbHbLIL Nepuood IKCHIyamayuu achaibmobemorHbix
NOKpbIMuil U 0Oecneyums no8bluleHUe UX Kayecmed U 001208e4HOCIL.

KimoueBble cioBa: OUTYM, T'yIpOH, CTAPCHHUE, TEPMOOKUCIIUTEIbHAS CTAOUIBHOCTb, aIre3us, KUCIOTHOCTh
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On the Question of Thermo-Oxidative Aging Oil Bitumen and Tar

The dependences of the adhesive properties and pH of bitumen of various oxidation depths and tar, raw materials of
bitumen production, depending on the aging time are investigated. It is shown that in bitumen, with an increase in the
depth of oxidation during CBT, a change in the type of oxo compounds formed and, as a consequence, adhesive
properties occurs. In high-melting bitumen, during aging, there is an intensive formation of asphaltenes, resins and
asphaltogenic acids, which allow to improve the adhesive properties of the binder. Low-melting bitumen is
characterized by intensive formation of carboxyl and hydroxyl groups of compounds that reduce adhesion to alkaline
mineral materials. It is established that the rate of tar aging increases, and for oxidized bitumen it is extreme, where
the maximum values are observed in the first hours of aging. It is proposed to use the adhesion index and acidity in
combination with the standard quality indicator — the softening temperature after aging to select the component
composition of bitumen obtained using the "oxidation-compounding" technology, as well as to develop methods to
reduce the aging rate of bitumen in the initial period of operation of asphalt concrete coatings and to improve their
quality and durability.

Key words: bitumen, tar, aging, thermal-oxidative stability, adhesion, acidity.
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OuneHka BO3MOKHOCTH MOJTy4eHUs Me30(a3bl npu TepMoodpadoTke

Pa3JMYHbIX BUAOB YIJ1€BOAOPOIHOTO CHIPbA

Tloxasana 603MOHCHOCIb NOLYYEHUS AHUZOMPONHBIX NEKO8 NYMeM mepmoodpadbomKu pasiuunblx 6U008 HepmaHo20
CbIPb — U30MPONHBIX NEKOS U3 MANHCENOU CMOJIbL NUPOAUZA U MANCEN020 2A30UNA KAMATUMULECKO20 KPEKUHSA.
Yemanosnenwl 3asucumocmu usmenenus 2pynnogo2o cocmasa 0CmamKo8 mepmooopadbomxu om
NPOOOIICUMENLHOCIU UZ0MEPMULECKOTU 8bI0EPIUCKU, KOPPENAYUOHHAA CE:A3b MEAHCOY KOMHOHEHMAaMU,
HepacmeopuUMbIMU 8 MOIYoae U Xunoaune. Buisgnenvl ocobennocmu onmu4eckol mexcmypuvl 0CMamKkos
mepmooOpaboOmKu U30MPONHLIX HEPMAHBIX NEKOE PAZIUUHO20 HPOUCXOHNCOCHUS.

KawueBble ciioBa: TepMo0oOpadOTKa, TSHKEIAs CMOJIA IIMPOJIN3a, TAKEIbINA ra30iiIb KaTAINTHYECKOTO KPEKHHTa,
CTHPOJI-MHJICHOBAs CMOJIa, THAPABIMYHASI CMOJIA, H30TPOITHBIN T1eK, Me30(asa.
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Evaluation of the Possibility of Obtaining Mesophase during Heat Treatment

of Various Types of Hydrocarbon Raw Materials

The possibility of obtaining anisotropic pitches by heat treatment of various types of petroleum feedstock is shown —
isotropic pitches from heavy pyrolysis tar and heavy catalytic cracking gas oil. The dependences of the change in the
group composition of the heat treatment residues on the duration of isothermal exposure, the correlation between the
components insoluble in toluene and quinoline, have been established. Features of the optical texture of the heat
treatment residues of isotropic petroleum pitches of various origins are revealed.

Key words: feat treatment, heavy pyrolysis tar, catalytic cracking heavy gas oil, styrolindene resin,

hydraulic resin, isotropic pitch, mesophase.
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KBaHTOBO-XxMMHIYecKoe UCCIeJOBAHNE JIeKTPOXUMHUYECKHX CBOMCTB psiia MeTaHO(dY/1J1epeHoB



B pabome memoodamu k6anmogou xumuu HAtlOeHbl IHep2UU GbICUICl 3AHAMOL U HU3Uel 86AKAHMHOU
monekyaapuoix opoumaneti (HOMO u LUMO). Bviyuciena wiuputa 3anpewjeHHol 3016l U CPOOCHEO K dNeKMPOH)
07151 psA0a COeOUHEeHU, NPEeOLONCEHHBIX OISl pa3pabOmMKU 8 Kavecmsee akyenmopHo2o dlieMeHma

6 Op2AHUYeCKUX CONHEUHbIX bamapesx.

Kmouessle ciioBa: Gysuieper, [60]PCBM, ¢pyHKIIMOHATBHBIC TPOU3BOIHBIC (YIUICPEHA,

cpoactBo K 3nekTpony, DFT, HOMO-LUMO.
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Quantum Chemical Research of Electrochemical Properties of Methanefullerene Series

In the presented study, using quantum chemistry methods, the energies of the highest occupied and lowest unoccupied
molecular orbitals (HOMO and LUMO) were found, the band gap and electron affinity were calculated for a number
of compounds proposed for development as an acceptor element in organic solar cells.

Key words: fillerene, [60]PCBM, fullerene functional derivatives, electron affinity, DFT, HOMO-LUMO.
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On the Isothermal-Isobaric Binodal Shape in Ternary Systems

In this work, we compared the shape of a binodal curve in the ternary systems “water — methanol — chloroform”,
“water — methanol — dichloromethane”, “water — tert-butanol — toluene”, and “water — 2-butoxyethanol — toluene”
in the vicinity of the liquid-liquid critical point (LLCP). We have shown that different approaches to characterize the
binodal shape are not equivalent for real ternary systems. The preferred approach involves the calculation of
distances based on the tangent to the LLCP and the perpendicular lines to the points on the binodal. The variability in
the apparent degree of the binodal curve is revealed, contrary to the known literature.

Keywords: liquid-liquid equilibrium, coexistence curve, critical fluctuations, solubility.
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Change in the Concentration of Stable Free Radicals and Vanadyl Complexes in the Products of Reaction

of Petroleum Asphaltenes with Sulfuric Acid

The products from the reaction of petroleum asphaltenes with sulfuric acid under various conditions, accompanied by

oxidation, sulfonation, and decomposition reactions, were studied. The change in the content of stable free radicals



and vanadyl complexes in the products from the reaction of asphaltenes with sulfuric acid in relation to the time and
temperature was determined by EPR spectroscopy. The chemical processes in the reaction of asphaltenes with sulfuric
acid take place most strongly in the first hour, being accompanied by peak growth of the concentration of stable free
radicals. With increase in the length of treatment of the asphaltenes with sulfuric acid there is a decrease in the
concentration of stable free radicals accompanied by a decrease in the content of sulfo groups in the products. After
only 30 min of the process there was a marked decrease in the content of vanadyl complexes in the reaction products.

Keywords: asphaltenes, sulfuric acid, stable free radicals, vanadyl complexes.
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Catalysis by Ion-Exchange Resins Derived

from Asphaltenes in the Salicylic Acid Acylation Reaction

Acidic and basic ion-exchange resins were prepared by chemical modification of petroleum asphaltenes. The resulting
products were characterized by IR spectroscopy and MALDI mass spectrometry. Feasibility was demonstrated for
carrying out catalytic acylation of salicylic acid in the presence of acidic and basic catalysts derived from petroleum
asphaltenes to give acetylsalicylic acid. Asphaltene-derived ion-exchange resins containing either sulfonic acid (SA)
or amino groups (AA) were used as catalysts. These catalyzed reactions gave acetylsalicylic acid in 78% and
73% yield, respectively.

Keywords: asphaltenes, modified asphaltenes, acid catalysis, basic catalysis, acylation reaction.
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Phase Behavior of Kalchinsk Qil in a Wide Range of Thermobaric Conditions

The results of investigation of the phase behavior of a crude oil sample from the Kalchinsk oilfield at pressure up to
1.43 GPa in the temperature range of 140-336 K are presented. It is shown that crystallization occurs in the sample
with increasing pressure (decreasing temperature) in a wide range of thermobaric parameters, after which the glass
transition process is observed. Based on the experimental data, a phase diagram for the studied sample was
constructed.

Keywords: glass transition, crystallization, high pressure, phase diagram, hot-wire method, DSC.
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Effect of Fungal Mycellium/Eicosane Composites

on Thermal Energy Storage and Release in Gypsum Plaster

The deposition of organic phase-change materials (PCMs) on the supporting fibers was shown as a simple and
effective way to prepare stable composites with thermoregulating properties, which are feasible as functional
additives to dry building mixes. However, the preparation of the composite fibers with optimal morphology to improve
their content and thermoregulating performance in the target material still remains challenging. Herein, we report on
the stable composite fibers prepared by the deposition of organic PCM eicosane on the biopolymeric fibers of fungal
mycelium. The prepared composite had a fibrous morphology with the longitudinal diameter of 1-1.5 um and the
latent heat capacity of 63.2 J/g. The composite was mixed with the dry powder of gypsum plaster with the mass
content of 15% and 30%. The electron microscopy revealed a homogeneous distribution of the fibers within the
hardened plaster layer. The differential scanning calorimetry confirmed that the addition of the composite to the
plaster enhances its thermal performance and brings latent heat storage and release capability with latent heat
capacity of 8.2 J/g and 18.2 J/g depending on the composite content. The measurement of the temperature in the
volume of the hardened plaster demonstrated that the addition of the thermoregulating fibers effectively reduce the
heating rate in the range of 37-39°C and the cooling rate in the range of 38—-34°C, corresponding to melting and
crystallization of eicosane in the composite structure.

Keywords: phase-change materials, eicosane, fungal mycelium, thermoregulating composites, functional materials.
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Additives to Biodiesel Fuels

The most important groups of functional additives for biodiesel fuels are considered, based on modern technical and
environmental requirements: additives that help improve fuel combustion and reduce harmful emissions; oxygenate
additives, depressants, lubricating additives. An analysis of the effectiveness of the introduced additives in mixed fuels
of different compositions is given.

Keywords: biodiesel, mixture fuels, functional additives, polluting emissions, oxygenates.
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Thermal Insulation Performance Evaluation and Installation Length Optimization

of Inner Coating Thermal Insulation Drillpipe

With the exploration and development of oil and gas resources moving towards deeper areas, there is an increasing
number of high-temperature wells being drilled. However, during drilling, the temperature of the drilling fluid at the

bottom of the well may exceed the temperature limits of the rotary steerable system, logging while drilling, and other



downhole tools. This poses a significant risk to the safety of the drilling operation. Therefore, it is urgent to study
temperature control technology for drilling fluids in high-temperature wells. Inner-coating thermal insulation drill
pipe is a new technology with significant application prospects. In order to study the thermal insulation performance
of inner-coating thermal insulation drill pipe and consider the influence of the insulation coating, an equation for the
wellbore temperature field during drilling with inner-coating thermal insulation drill pipe was established. Through
case analysis, the thermal insulation performance of inner-coating thermal insulation drill pipe was evaluated, and
the sensitivity of parameters was analyzed. An optimization method was developed for determining the installation
length of inner-coating thermal insulation drill pipe. The installation length was optimized for various
temperature-resistant conditions through case calculations. The research results show that inner-coating thermal
insulation drill pipe has a positive impact on controlling the temperature of drilling fluid at the bottom of the well and
has promising potential for widespread application. Only by installing 3500 m of inner-coating thermal insulation
drill pipe can we meet the requirement for tools that can withstand temperatures of 150°C. This study can provide
valuable insights for the design and application of inner-coating thermal insulation drill pipes in high-temperature
wells. It is of significant importance for ensuring safe drilling operations in such conditions.

Keywords: thermal insulation performance, thermal insulation coating, drillpipes, high temperature well.
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Prediction of Cutting Concentration in Horizontal Wells

for Different Well Inclination Sections

Monitoring cuttings concentration and ensuring that the wellbore is kept sufficiently clean during drilling is critical to
safe drilling. Traditional analysis of cuttings concentration using mechanistic and empirical models has problems of
adaptability and accuracy. To address the existing problems of cutting concentration prediction, this paper
investigates the cutting concentration neural network model, and uses the established principal component analysis
model to reduce the dimensionality of the parameters affecting the annular cutting concentration, and segments the
well inclination according to 0-30°, 30-65° and 65+° to obtain the input parameters for cutting concentration
prediction in different well inclination sections. By investigating the neural network prediction method, the mapping
of non-linear relationship between cutting concentration influencing factors and cutting concentration was realized,
and the cutting concentration prediction fitting function was obtained. The model was tested using a full well section,
well inclination segmented training and validation approach, and the predicted and measured cutting concentrations
were compared and analyzed, and the results showed that The cuttings concentration prediction model established in
this paper based on PCA and ANN for horizontal wells can achieve accurate prediction of annular cuttings
concentration; the cuttings concentration prediction results of the neural network model are consistent with the

influence of cuttings transport mechanism on cuttings concentration in different well inclination sections, which



proves that the neural network model of cuttings concentration in separate well sections is highly adaptable and has
the value of oil field application.

Keywords: drilling, horizontal wells, cutting concentration, safe drilling.
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Research Hotspots and Trend Analysis of Energy Security

Based on Citespace Knowledge Graph

Energy security is related to national economic development and social stability, and it is one of the significant and
urgent problems faced by all countries in the world. This paper takes 36583 articles on energy security from 2013 to
2023 in the Web of Science database as the data set, using the CiteSpace Knowledge graph method to systematically
analyze the status quo, research hotspots, and evolution trends of world energy security research. The results show
that research hotspots are concentrated in six primary areas: energy governance, energy and climate change,
renewable energy security, energy models, energy efficiency, and energy technology. The cross-research between
artificial intelligence, communication technologies, and the field of energy security is one of the future research
hotspots. Cross-disciplinary integration is an essential feature of research in energy security in recent years, which
can provide reference for subsequent research.

Keywords: energy security, knowledge graph, research hotspots, trend analysis, Citespace.
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Application of Pre-Stack Geostatistical Inversion

in Horizontal Well Tracking of Thin Reservoir in Well Area

Thin oil layers have become the focus of oil and gas resources exploration due to the large number of oil layers and
rich reserves. Fuyu Formation in the sag area of an oil field in the east belongs to a low porosity and low
permeability reservoir, and the production of vertical wells is relatively low. The application of horizontal well
technology can effectively improve the production. The third member of Fuyuquan Formation has the characteristics

of thin interbed reservoir, which increases the difficulty of horizontal well implementation. The resolution of seismic



data is limited, and the difference of geophysical response between reservoir and non-reservoir is small, which makes
it difficult to solve the problem of thin interbed prediction by wave impedance inversion and pre-stack simultaneous
inversion. The application of prestack geostatistical inversion technology can improve the vertical resolution of
reservoir prediction, and then accurately depict the spatial distribution of the reservoir. In this paper, taking well F
area as the test area, combining with regional geological knowledge, the seismic inversion results with high vertical
resolution are obtained through reservoir sensitive parameter analysis and prestack geostatistics inversion
technology. It also guides the design of horizontal well trajectory and monitors the change of horizontal well
trajectory in real time during implementation. The results show that using pre-stack geostatistics inversion technology
can greatly improve the drilling rate of thin oil layers in horizontal wells.

Keywords: glutentite reservoir, prestack geostatistical inversion, geophysical, horizontal well.
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Research on the Destabilizing Factors of The Seabed

and the Response Methods of Well Construction

Offshore oil development is gradually advancing to deep water, and the complex seabed topography and shallow
geological conditions greatly affect the difficulty of subsea well construction and threaten the safety of drilling
operations. To reduce the risk during drilling and optimize the drilling plan, the cause mechanism of complex seabed
topography and shallow geological conditions is outlined, and the countermeasures taken by China National Oil
Corporation (CNOOC) to deal with different seabed topography and shallow geological conditions are collected. The
research results are of great significance in guiding the construction of subsea wells in the South China Sea.

Keywords: seabed destabilization, shallow gas, shallow water flow, gas hydrates, response methods.
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Research on the Influence Mechanism of Tectonic Stress

in the «Three Hard» Coal Seam in Coalfield on Rockbursts

This paper addressed the rockburst hazards caused by tectonic stress in the “three hard” coal mine in Datong
Coalfield. We analyzed tectonic stress characteristics in the mining area and the mechanism of tectonic stress
inducing rockbursts. We built the stress analysis model for rockburst-inducing tectonic stress. The roadway of the coal
seam 12# in Xinzhouyao Coal Mine of Datong Coalfield was explicitly analyzed as an example. It was found that roof
bedding separation was very likely to happen under the action of local tectonic stress in the roadway of the “three
hard” coal seam, causing rockbursts that pushed out the coal wall. Numerical simulation was performed to analyze
the occurrence of rockbursts induced by tectonic stress. We validated that stress concentration was more likely to

happen in the coal-rock masses under the action of the tectonic stress, causing rockbursts. Besides, a large horizontal



stress gradient would be formed near the roadway coal wall when the principal stress was perpendicular to the
roadway axis. Rockbursts were highly probable in the coal-rock masses under this situation.

Keywords: Datong coalfield, “three hard” coal seam, tectonic stress, rockbursts, mechanism.
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Supervised Machine Learning Mode for Predicting Gas-Liquid

Flow Patterns in Upward Inclined Pipe

Accurate identification of gas-liquid two-phase flow patterns during oil and gas drilling is critical to analyzing bottom
hole pressure, detecting overflows in time, and preventing blowout accidents. Since the gas-liquid two-phase flow has
deformable interfaces, resulting in complex gas-liquid two-phase flow patterns, the existing gas-liquid two-phase flow
patterns are limited in width in terms of pipe diameter and incline, leading to adaptation problems in experimental
flow patterns and mechanistic models. Machine learning methods provide potential tools for solving gas-liquid
two-phase flow pattern identification. In this paper, a sample database with 5879 data points was established by
reviewing and organizing existing literature focusing on normal pressure and temperature, and air-water
experimental conditions to provide a data-preparation for the relationship between gas and liquid velocities, pipe
diameter and incline characteristics and flow pattern objectives. Four machine learning models, including K-Nearest
Neighbor, Naive Bayes, Decision Tree and Random Forest, were investigated, and each model was trained and tested
using a sample database to reveal the performance of four types of supervised machine learning methods,
representing similarity, probability, inductive inference and ensemble-learning principles, for gas-liquid two-phase
flow pattern recognition, and the prediction accuracy was 0.86, Naive Bayes is 0.56, Decision Tree is 0.89 and
Random Forest 0.97. Comprehensive analysis of each model confusion matrix shows that the machine learning
method has the best recognition of dispersed bubble flow, better recognition of slug flow, and the worst recognition of
churn flow among the nine flow patterns which proves the controversial nature of the mechanism model in the
transition from slug flow to churn flow. This paper uses experimental data as model input features, making the
machine learning-based gas-liquid two-phase flow pattern identification model meaningful for practical engineering
applications, and also demonstrating the feasibility of using supervised machine learning methods for gas-liquid
two-phase flow pattern identification at normal pressure and temperature, wide-range of pipe diameter and incline.

Keywords: drilling, gas-liquid two-phase flow, flow pattern, machine learning, well control.
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Optimization of Catalyst Hydrogenation Technology

for White Oil Production Based on Medium Pressure Hydrogenation

Because the requirements of environmental protection are becoming strict, the preparation of petroleum products
such as white oil needs to be harmless. In order to produce high-grade white oil products, it is necessary to study the
medium-pressure hydrogenation technology and the suitable high-activity hydrogenation catalyst. The
medium-pressure hydrogenation technology is proposed to produce white oil by a one-stage hydrogenation process
under 7-8 MPa hydrogen partial pressure. The paper optimized the optimum conditions for medium-pressure
hydrogenation of white oil. The initial reaction temperature was 210°C. The reaction pressure was 8 MPa. The liquid
space velocity was 0.4 h!. The hydrogen oil ratio was 500:1 V/V. The catalyst life evaluation experiment was carried
out. The research results can provide a basis for the selection of hydrogenation catalysts.

Keywords: white oil, hydrogenation technology, hydrogenation catalyst, reaction temperature, liquid space velocity.
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Key Factors and Changing Rules of Foam Stability in Gas Well Field

In the process of natural gas production using foam to lift liquid, there exists obvious difference in the requirements of
foam stability between wellbores and gathering & transportation systems. To ensure the effect foam dewatering of gas
wells and highly efficient defoaming and gas-water separation on surface, it is meaningful to investigate the
influencing factors of foam stability comprehensively. In this paper, a tight gas block in China which adopted foam for
liquid lifting was taken as an example. It was researched that the key influencing factors and changing rules of foam
stability through static and dynamic experiments on foam stability, chemical defoaming experimets and field tests. The
results showed that the concentration of foaming agent used in the field, namely UT-11C, had the most significant
effect on the foam stability followed by the salinity, temperature and PH value. Foam stability was also can be
improved with higher pressure. Results of chemical defoaming experiments showed that even under the optimal
defoaming concentration, mamely 1%, it also took about 20 minutes to completely eliminate the foam. Combined with
the laboratory results and the statistical analysis of the water production in field, the optimal injection amount of
foaming agent was calculated, which makes the dosage reducing by 40%. And the effective was validated by field test.
This work not only ensures the high production of gas wells, but also takes the economy into account, having a strong
guidance for the production of natural gas fields.

Keywords: gas production, liquid lifting, foam stability, foam drainage, influencial factors, field application.
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Application of Comprehensive Geophysical Prospecting Method

in Fine Detection of Goaf

The mining process involves many complex problems, which are easy to cause environmental pollution and safety.
The comprehensive geophysical exploration method combined with drilling method is used to carry out fine
exploration of goaf. Firstly, the high density resistivity method was carried out, the data was collected by Wenner
device, and the sudden change characteristics of apparent resistivity presented in the profile map of the goaf were
summarized. The first-order derivative method was proposed to process the data, which was easier to distinguish the
goaf boundary and scope. Transient electromagnetic method and microtremor detection were used to deduce the goaf
by high-density electrical method for measurement. The transmitting current of 154 was used in TEM, the fretting
detection was a linear acquisition method, and the dispersion curve was extracted by ESPAC method. Through the
comprehensive detection of multiple methods, the apparent resistivity mutation area and wave velocity change area
are the mined-out range. The acceptance of goaf has been carried out by several borehole verification, and good
practical results have been obtained. The research results show that the high density resistivity method, transient
electromagnetic method, microtremor detection and other comprehensive geophysical exploration methods can be
used to identify the goaf abnormal area, which can be efficient, economical and accurate detection of goaf.
Keywords: mine geological environment; integrated geophysical method; micromotion detection; mine

goaf:high-density electrical method.
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Simulation Studies of Wax Deposition in Oil-Gas Inclined Shafte

Wax deposition in oil-gas two-phase pipe flow can be a significant flow assurance problem. It becomes complicated
when gas phase flow is involved. In this work, a program is proposed for the wax deposition for oil-gas inclined well.
The simulator is modular in struct multiphase fluid flow, wax-oil-gas thermodynamics, two-phase heat transfer, and
paraffin deposition. In the thermodynamic ure and develops for predicting paraffin deposition during oil-gas two
phase flow that includes coupling of calculation module, the equation of state (EOS) — the excess Gibbs energy model
calculates the wax-oil-gas phase behavior of crude oil and predicts wax appearance temperature (WAT) and the
solubility curves. To calculate the thickness and wax content of the wax deposition layer, the molecular diffusion and
the aging theory are considered as the primary mechanisms. Predictions of the simulator are compared and tuned to
the experimental data by adjusting the film heat transfer and diffusion coefficients. The adjusted simulator is used to
predict the detail of wax deposition along the actual well. And then the thorough analysis upon the atypical
distribution of wax deposition is carried out.

Keywords: multiphase wax deposition, three phase thermodynamics, oil-gas tubing.
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Bearing Capacity of Pile Foundation Considering Mud Sand

Mixing Layer Jacket Platform Limit

The design life of offshore fixed platforms is generally 20 years, but with the needs of oil field production, most of the
platforms are still in service after reaching the design life, which further requires the functional expansion of active
platforms and the transformation of new platforms relying on active platforms. In order to ensure the normal and safe
production of the platform, a comprehensive safety assessment must be carried out on the platform. The bearing
capacity assessment of pile foundation is an important part of the life extension assessment of the platform in service.
This paper relies on a platform that has been in service for 25 years to carry out a certain transformation, and on the
southeast side of the platform, a new platform with 8 legs and 12 piles is built as the core engineering facility. A new
calculation method is adopted to calculate the ultimate axial bearing capacity of single pile of jacket platform pile
foundation in the viscous soil layer and sandy soil layer. Based on the engineering geological characteristics of
submarine soil, the ultimate axial bearing capacity of single pile and the mechanical analysis of jacket platform pile
foundation, the load of jacket platform, bottom resistance, dead weight and lateral friction force are calculated and
checked.

Keywords: catenary platform, pile bearing capacity, depth of mud entry; mud and sand mixed layer.
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Discovery of Microbial Mounds and Its Geological Significance

A complete and continuous Cambrian system can be found in the Qinglongshan Profile and the Xiweikou Profile in
the Ordos Basin. There are five strata in total, namely, the Lower Cambrian Mantou Formation and Maozhuang
Formation, the Middle Cambrian Xuzhuang Formation and Zhangxia Formation, and the Upper Cambrian Sanshanzi
Formation. The microbial mounds of the two profiles were developed in the Mantou Formation of the Lower
Cambrian and the Xuzhuang Formation of the Middle Cambrian respectively. The columnar stromatolites formed by
microbial mounds mainly developed in the high energy intertidal environment, which is indicative of the
paleoenvironment. In this study, field observation, systematic sampling and measurement of the microbial mounds in
the Qinglongshan and Xiweikou Profiles in the Ordos Basin were carried out. Moreover, the macroscopic and
microscopic characteristics of stromatolites were systematically analyzed from the perspective of geobiology, based
on the previous research results and combined with the sedimentological characteristics of the profile. The discovery

of microbial carbonates in the Qinglongshan Profile and the Xiweikou Profile in the Ordos Basin provides important



rock records for understanding the earth’s microorganisms, paleoenvironment and paleoclimate in the Cambrian
period.

Keywords: stromatolites, Cambrian system, Ordos Basin.
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Experimental Study on Microscopic Pore Structure,

Genetic Type and Evolution of Marine Shales

The genetic types and evolution characteristics of pores are the important basis for evaluating the quality of
unconventional shale reservoirs. In this paper, taking the Lower Cambrian Marine shales in southern China as an
example, the microscopic pore structure, genetic types and evolutionary characteristics of shales are systematically
studied. The results show that circular and oval organic pores with good connectivity and non-fixed inorganic pores
with poor connectivity are mainly developed in marine shale. The marine shales mostly have laminar sedimentary
structures, the thickness of which is several millimeters to several centimeters. Siliceous laminae, clay laminae,
organic laminae and carbonate laminae were identified. Lamination can also be retained in oxygen-rich environments
with rapid sediment inflow, which may be related to high turbidity fluid. The Lower Paleozoic marine shales in
southern China have experienced a complex tectonic-thermal evolution history, which aggravated the complex
distribution of laminar structures. Some shale sections show very low resistivity, and resistivity has a significant
negative correlation with TOC content. Organic matter is the main factor that causes the extremely low resistivity of
shale. This study is of great significance to accelerate the process of Marine shale exploration and development.

Keywords: marine shale, pore structure, pore type, lamellar structure.
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Experimental Study on the Evaluation Model of Cementing Quality

fr Ultra Low Density Cement Well Cluster

In order to improve the accuracy of cementing quality evaluation for ultra-low density cement, a full-scale cementing
quality evaluation model well group was constructed based on the real underground environment and the
requirements for cementing quality and cement filling. A calibration method for cementing quality evaluation
indicators was established, and the influence of factors such as logging time and cement density on cementing quality
evaluation indicators was analyzed. The results were compared with theoretical calculations, The experimental
results are in good agreement with the theoretical calculation results. According to the experimental results, the

evaluation indicators of ultra-low density cement cementing quality are inversely correlated with cement density &



logging time. The research results indicate that the accuracy and pertinence of cementing quality evaluation can be
significantly improved by applying the ultra-low density cement slurry cementing quality evaluation model well group
and verifying the ultra-low density cement cementing quality evaluation indicators.

Keywords: cementing quality, ultra low density, model well, evaluating indicator.
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