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3. A. I'yceiinoea, C. P. Pacynoes

AzepOaipkaHCKUH TOCY TapCTBEHHBIN YHUBEPCUTET HEPTH U MPOMBIITUICHHOCTH, T. baky
elvira_huseynova@mail.ru

KarannTuveckuii OKCHKPEeKHMHT BAKYYMHOTO ra3oiiis

Hccnedosan npoyecc kamanumuuecko2o OKCUKPEeKUH2a 6aKYYMHO20 2a301L15 8 NPUCYMCIMEUN YEOTUNCO0ePICae2o
kamanuzamopa OMHUKAT-21011. Ycmanoeneno, ymo memnepamypa u cmeneHv OKUCIEHUS OKA3bI8AIOM
00UHAKOBOE BIUSHUE HA CTHENeHb NPEBPAUEHUS CbIPbS U GbIX00 NPOOYKIMO8 PeaKkyuu, mo2oa Kax memnepamypa u
epems konmakma — anmubamuul. Iloxazano, umo 6800 Kuciopooda cnocobcmayem oopazo8aHuIo OU3eabHouU
@paxyuu u yeneso0opoonozo 2aza. Onpedenenue GuauKO-XUMUYECKUX XapaKmepucmux y3Kux Gpaxyuti no360un0
OYEeHUMb Kauecmao NomeHyUaIbHbIX MOBAPHLIX NPAMO2OHHBIX NHPOOYKMO8 OKCUKPEKUHEA 8AKYYMHO20 2A30UIA 8
3A8UCUMOCIIU O MEXHOJI02UYECKUX YCIIOBUL Npoyeccd.

KuroueBble ¢j10Ba: KaTAIUTUYECKUNA OKCUKPEKHUHT, OKUCIUTEIbHBIN KPEKUHT,

BaKyyMHBIH ra30iib, IIEOJUTCOACPIKAIIUIN KaTan3aTop, GpakIUOHHBIH COCTaB.

DOI: 10.32935/0023-1169-2024-642-2 -3-7

E. A. Guseinova, S. R. Rasulov.

Azerbaijan State University of Oil and Industry, Baku, Azerbaijan

Catalytic Oxycracking of Vacuum Gas Oil

The process of catalytic oxycracking of vacuum gas oil in the presence of a zeolite-containing catalyst
OMNIKAT-210P was studied. As a result of studying the influence of technological parameters on process
parameters, it was _found that temperature and degree of oxidation have the same effect on the degree of conversion of
raw materials and the yield of reaction products, while temperature and contact time are antithetical. It has been
shown that the introduction of oxygen promotes the formation of diesel fraction and hydrocarbon gas. Determination
of the physicochemical characteristics of narrow fractions made it possible to assess the quality of potential
commercial straight-run products of oxycracking of vacuum gas oil, depending on the technological conditions of the
process.

Key words: catalytic oxycracking, oxidative cracking, vacuum gas oil, zeolite-containing catalyst, fractional

composition.

T. B. IIpoxoghvesa, C. C. Kpyznoe (mn.), C. C. Kpyznoe (cm.), b. II. Tymansan

PI'Y nedru u raza (HUY) umenu 1. M. I'yOkunHa

proktv@mail.ru

HoBbliif 10X0/1 K pacyeTy pe:KuMa MUHUMAJBLHOTO OPOIIIeHUs

NpH peKTUPUKANMHA MHOTOKOMIIOHEHTHBIX CMecei

B cmamve paccmompenwvi naubonee pacnpocmpanennvie aHaIumMu4ecKue Memoobl pacuema napamempos percuma
MUHUMATBHO20 OPOULeHUSI NPU PEKMUPUKAYUU MHOSOKOMNOHEHMHBIX cMecell ¢ Y4emoM 3a0anHbIX mpedosanull K
Kauecmay noayuaemvlx npooykmos pasoenenus. Ilpeonosicena u onucana pacuemuas Memoouxd, no36010uas

SHAYUMENILHO YNPOCUMb NPOYedypy OnpedesieHUus MUHUMALbHBIX (e2M08020 Ul NAPOBO20 YUCeN, A MAaKICce



COCMago8 OUCUIIAMA UIU OCIAMKA 8 PENCUME MUHUMATLHO20 OPOULEHUS O CPABHEHUIO C U36ECIHbIMU
cnocobamu.

KioueBble c1oBa: peKTUGUKAIMS, PEKTU(DUKAIMOHHAS KOJIOHHA, PEKUM MHUHUMAIBHOTO OPOIICHHUS,
MHOTOKOMITOHEHTHAsI CMECh, Pa3/ICIICHUEe CMECH, pacueT Mmpollecca peKTHHUKAIIH,

Ka4eCTBO MPOAYKTOB PEKTUPHKAINH, 00IACTh MPEACIbHON KOHIICHTPAIHH.

DOI: 10.32935/0023-1169-2024-642-2 -8-12

T. V. Prokofieva, S. S. Kruglov Jr., S. S. Kruglov Sr., B. P. Tumanyan.

Gubkin University

A New Approach to Calculating Minimum Reflux Operation Mode

for Fractionation of Multicomponent Mixtures

The article discusses the most common analytical methods for calculating the parameters of the minimum reflux
operation mode during the fractionation of multicomponent mixtures, taking into account the specified requirements
for the distillation products quality. A calculation method is proposed and described that makes it possible to
significantly simplify the procedure for determining the minimum reflux or vapor ratios, as well as the compositions of
the distillate or residue in the minimum reflux operation mode

in comparison with known methods.

Key words: fractionation, fractionating column, minimum reflux operation mode, multicomponent mixture, mixture

separation, fractionation process calculation, fractionation products quality, limiting concentration area.

HU. A. Apxunoea, E. I. Ilemposa, A. B. /leonmuves, B. B. ®@aodees, C. B. 3aznaoosa, A. X. Kynyoe

00O «PH-LTIP»

Arkhipoval A@rdc.rosneft.ru

H3yueHue BIUSIHUSA YCJIOBHUI MPUTOTOBJIEHUS MPOMUTOYHOT0 PACTBOPA M TEPMOOOPAOOTKH

HA AKTHBHOCTH KATAJIN3aTOPOB T'HIPOOYHCTKH

U3yueno enusinue kauecmesa coipbs (Kapbonama Kobarbma) u yCaosuii mepmooopadbomru Ha akmusHOCMb
xkamanuzamopos Co-Mo u Ni-Mo 6 euopoouucmre cmecesoii uzenvnou ppaxyuu. Cmenensb uucmomol Kapbonama
KOOANbmMa u memMnepamypa CUHme3a onpeoeisiion CoCmas NPONUMOYHO20 PACEopd, YMo 6 8010 o4epedb Glusem Ha
axmugHoCcmb Kamanuzamopa. B kauecmee KOHmpons Kayecmsea KapooHama KoOAIbma npeoiodcer Memoo
CHEKMPOCKONUU KOMOUHAYUOHHO20 pacceanus. Bviasneno eiuanue mepmoobpabomku Kamaiusamopa

Ha e2o akmuenocmsb. OOHApYIHCEHO, UMo npedeibHble MeMnepamypsl NPOKAIUBAHUS O KAMAIU3AMOpPOos

Co-Mo u Ni-Mo cunvHo omauuaiomces.

KiioueBble cj10Ba: KaTain3aTop THAPOOYUCTKH, TPOMUTOYHBII pacTBOpP, KapOoHAT KoOalbTa, TepMooOpadoTKa,
MOJIMAHUOHBI, CIIEKTPOCKOIHS KOMOWHAITMOHHOTO PaccesHus, 00eccepuBaHme.

DOI: 10.32935/0023-1169-2024-642-2 -13-19

1. A. Arkhipova, E. G. Petrova, A. V. Leontev, V. V. Fadeev, S. V. Zaglyadova, A. H. Kuptsov.
United Research and Development Center LLC



The Influence of Impregnation Solution Preparation

and Heat Treatment Conditions on the Activity of Hydrotreating Catalysts

The influence of raw materials quality (cobalt carbonate) and heat treatment conditions on the activity of Co-Mo and
Ni-Mo hydrotreating catalysts for a mixed diesel fraction has been studied. The influence of cobalt carbonate quality
and the synthesis temperature on the properties of the impregnation solution is shown. The method of Raman
spectrometry is proposed as a quality control of cobalt carbonate. The influence of catalyst heat treatment on its
activity is revealed. It was found that the ultimate calcination temperatures for Co-Mo and Ni-Mo catalysts are very
different.

Key words: hydrotreating catalyst, impregnating solution, cobalt carbonate, calcination,

polyanions, Raman spectrum, desulfurization.

E. M. Cmupnos, M. U. Pyouoea, B. A. Bunoxypos, K. A. Yepeonuuenxo

PI'Y nedru u raza (HUY) umenu 1. M. I'yOkunHa

cherednichenko.k@gubkin.ru

HoBble KOMIO3MIIMOHHBIE MaTePHAJIbI HA OCHOBE 3AKPbITOAYEHCTOr0 NEHON0JIMypeTaHa

U MIPOMPOIHBIX HAHOMATEPUAJIOB

B pabome uzyuena 603moaimcHOCMb RpUMEHEHUS NPUPOOHBIX HAHOMAMEPUALO8 (NPUPOOHBIX AFIOMOCUTUKAMHBIX
HAHOMPYOOK (2annyazuma) u HAHOYELLIIOA03bL) KAK MOOUPUYUPYIouux 0006a8oK K KOMMEPUECKOMY
NEeHONONUYPEMAHY ¢ YEblo 8APbUPOBAHUS 02HEYCMOUNUBOCMU U Mexanuyeckux xapakmepucmuk. Cepuu
KOMRO3UYUOHHBIX NEHONOJIUYPEMAHO08, COOEPHCAUWUX PAZIUUHBIE MACCOBbLE 00U MOOUPUYUPYIOWUX 000ABOK, DbLIU
NOYy4eHbl Memooom nonumepusayuu in situ. Mcciedosano enusnue 000a80K Ha CMPYKmMypy neHonoIuypemaros,
colcumaemocms u ocHeycmouuugocms. QOOHapysiceno, ymo esedenue 8 COCMas NeHONOIUYPemanos 006asok
nPUBOOUM K U3MEHEHUIO0 CpeOHe20 pamepa nop U K ymeHvuieHuio cacumaemocmu net. OOHaxo nocne 00CmMudicenus
MaKCUMANbHOU JHCECMKOCIU KOMNOZUYUOHHBIX NeH OdlbHeliulee YeenuieHue co0epiucanss 000asKu NPUeooUm K
pezpeccy 0aHHOU XapakmepucmuKu. Ycmanoeieno, umo ygeeiudenue co0epiHcanis 006a8oK NOI0HNCUMENbHO
CKA3bIBAEMCA HA 02HEYCMOUYUBOCIU NOJIYYEHHBIX KOMROZUYUOHHBIX MAMEPUATIO8.

KioueBble ci10Ba: IEHONOINYPETaH, IPUPOIHbIC HAHOMATEPHAJIbI, FAJUTya3HuT,

HaHOIIEIJUTI0032, KOMITIO3UIIMOHHBIE MaTepHabl, OTHEYCTOHYHUBOCTD.

DOI: 10.32935/0023-1169-2024-642-2 -20-23

E. M. Smirnov, M. I. Rubtsova, V. A. Vinokurov, K. A. Cherednichenko.

Gubkin University

New Composite Materials Based on Closed Cell Polyurethane Foam

and Pro-Nanomaterials: Improved Fire Resistance and Mechanical Stability

This study presents the feasibility of application of natural nanomaterials (natural aluminosilicate nanotubes
(halloysite) and nanocellulose) as modifying additives to commercial polyurethane foam in order to vary its fire
resistance and mechanical properties. Series of composite polyurethane foams containing different mass fractions of
modifying additives were obtained by in situ polymerization. The influence of additives on the structure of

polyurethane foams, compressibility and fire resistance was investigated. The introduction of additives into the



composition of polyurethane foams was found to change the average pore size and to decrease the compressibility of
foams. However, after reaching the maximum stiffness of composite foams, further increase in the content of additives
leads to regression of this characteristic. It is shown that the increase in the content of additives

has a positive effect on the fire resistance of the obtained composite materials.

Key words: polyurethane foam, natural nanomaterials, halloysite, nanocellulose, composite materials, fire

resistance.

I 3. Iaiinynaun’, I1. Q. Kasaxoea', P. C. Ilasenvee’, I0. @. Yuprosa',

M. E. Cemenoe'?, M. A. Bapponomees’

"Kazauckuit GpenepanbHblii yHUBEPCHTET,

*MuctutyT npobuem uedru u raza Cubupckoro oraenenus PAH, r. SIkyTck,

rpavelyev(@gmail.com

CpaBHeHHEe IPOMOTHPYIOLIEll AKTHBHOCTH AMHU/I0B ITHIeHIHAMHHTETPAYCKYCHOI KHCJIOTHI

M HEKOTOPbIX AMHHOKHCJIOT B MPOIeccax HyK/Iealny U PocTa rHIpaToB MeTaHa ¥ JUOKCHAA yIiepoaa

B pabome bvina oyenena npomomupyrowas akmu8HOCHMb AMUO08 dSmuieHouamuHmempayckycrou kuciomot (3TA) u
AMUHOKUCTIOM 8 OMHOWEeHUU 00pA308aHUs 2UOPAMO8 MEMAHA U YeIeKUci020 2asa. borvuuncmso uccredyemuix
coedunenuii 6 konyenmpayuu 0,05% mac. nokazanu cebs npomomopamu 06paz08aHus 2UOPAMo8 Ha Pa3HbIX CMAOUAX
npoyecca (HyKieayus, pocm), npu 3mom popmMuposanus nervl He HaOI00a10Ch. Boisigneno, umo peacenm na ocHoge
OTA u netiyuna asisnemcs NPOMOMOPOM 00PA308AHUSA KAK 2UOpAmMa Memand, max u OUOKCUOa yenepood.

B ciyuae euopama yenexucnoeo easza Haumenvulee 8pems UHOYKYUU OKA3AN0Ch 05 coeounenuti I/[TA

¢ acnapazurom (19 + 1 mun) u ¢ yucmeunogou kuciomoui (29 = 1 mun), umo 6 1,7 u 2,5 paza menvuue,

yem 0ns1 cucmemsl 6e3 000ABOK.

KJioueBbie cj10Ba: Ta30BbIC TUAPATHL, METaH, JHOKCH]L YTIIIEPO1a, XpaHCHUE ra3a, KHHETUIECKHUE IIPOMOTOPHI
ruapaToo0pa3oBaHusl, AMUHOKHCIIOTHL, STHICHANAMUHTETPAYKCYCHAsI KHCIO0Ta

DOI: 10.32935/0023-1169-2024-642-2 -24-28

Sh. E. Gainullin', P. Yu. Kazakova', R. S. Pavelyev', Yu. F. Chirkova', M. E. Semenov'?, M. A. Varfolomeev'.
'Kazan Federal University,

Institute of Oil and Gas Problems, Siberian Branch of the Russian Academy of Sciences, Yakutsk

Comparison of the Promoting Activity of Amides of Ethylenediaminetetraacetic Acid and Some Amino Acids
In the Nucleation and Growth of Hydrates of Methane and Carbon Dioxide

This work evaluated the promoting activity amides of ethylenediaminetetraacetic acid (EDTA) with amino acids in
relation to the formation of methane and carbon dioxide hydrates. Most of the studied compounds promotes hydrate
Jformation at different stages of the process (nucleation, growth) at 0.05 mass%, no foaming was observed. It was
revealed that the reagent based on EDTA and leucine promotes the formation of methane and carbon dioxide hydrates.
In the case of carbon dioxide hydrate, the compounds EDTA with asparagine (19 + 1 min) and cysteic acid (29 + 1 min)
showed the shortest induction time, 1.7 and 2.5 times less than for the blank system.

Key words: gas hydrates, methane, carbon dioxide, gas storage, kinetic hydrate promoters, amino acids,

ethylenediaminetetraacetic acid.



I1. IO. Kazakoea, /]. O. I'ne3ounos, P. C. Ilagenves, E. P. Con, M. A. Bapghonomees.

Kazanckwii penepanbHBI yHUBEPCHUTET,

rpavelyev@gmail.com

HNHruouTopsl ruipaToo0pa3oBaHus HU3KOI J03UPOBKH HA OCHOBE

COMOJIMMEPOB MAJIEMHOBOT0 AHTHIPU/IA ¢ H30NPONMMIAKPWIAMHUIOM

H3yueno erusnue cononumepos Ha 0CHOBE MANCUHOB020 AHSUOPUOA HA NPOYecC 0OPA308aHUA SUOPATHA MEMAH-
nponanosoll cmecu. B kauecmee co-monomepa 6wl gvibpan uzonponunakpuramuo. Peaxyuio norumepuzayuu
npoGOOUILU 8 NEMPOAEUHOM dhupe, 3amem YUK MaleuH08020 aneuopuod packpbléail ¢ UCHOIb308AHUEM MAKUX
HYK1e0@u108 Kax OUOYMUIAMUH U OUdIMAaroiamMut. dacms noayuenHuix noaumepos npu KOHYeHmpayuu

0,5% mac. npodemoHCmpuposana noHuicerue memMnepamypuvl Havala euopamooopazoeanus Ha yposHe
KuHemuueckozo uneubumopa euopamoodpasosanus Luvicap EG, oonaxo KoHgepcus easa 6 2uopam 8 ciyyae
npeoniodceHHo20 peazenma Ovlia eviute. Haunyuwuii peyromam no nepeoxnasxicoeHuro noxkasai oopaszey c
NOBLIUEHHBIM COOEPHCAHUEM Ppazmenma U3oNpONULAKPUIAMUOA, 20e 8 Kauecmee HyK1eouia UCnoib308aiu
oubymunamun. Haumenvuas xousepcus 2aza 8 2uopam Habaooanidacs 01 NOIUMepa ¢ HOSbIUEHHBIM CO0epICAHUEM
MAneuHo08020 pazmenma, packpvlmo2o maxice OUOYmuidMuHOM.

KiioueBble ¢J10Ba: Ta30BbIC THIPATHI, MOJICIb IPUPOTHOTO ra3a, KHHETUYSCKUE HHTMOUTOPBI THIPATOO0pa30BaHUS,
MTOJTTMAJICATHI.

DOI: 10.32935/0023-1169-2024-642-2 -29-33

P. Yu. Kazakova, D. O. Gnezdilov, R. S. Pavelyev, E. R. Son, M. A. Varfolomeev.

Kazan Federal University

Low-Dosage Hydrate Inhibitors Based on Maleic Anhydride Copolymers

with Isopropylacrylamide

In this work, the effect of copolymers based on maleic anhydride on the formation of a methane-propane mixture hydrate
was studied. Isopropyl acrylamide was chosen as the co-monomer. The polymerization reaction was carried out in
N,N-dimethylformamide, then the maleic anhydride cycle was opened using nucleophiles such as dibutylamine and
diethanolamine. Some of the obtained polymers demonstrated hydrate onset supercooling similar to the commercial
kinetic hydrate inhibitor Luvicap EG at 0.5 mass% concentration. However, the water-to-hydrate conversion was higher
in the case of the proposed reagent. A sample with a high content of isopropyl acrylamide fragments with dibutylamine
as a nucleophile showed the best results in hydrate onset subcooling. The lowest water-to-hydrate conversion was
observed for a polymer with a high content of maleic fragment, also opened by dibutylamine.

Key words: gas hydrates, natural gas model, kinetic hydrate inhibitors, polymaleates.

M. E. Cemenoe'?, Y. JK. Mupzaxumos', A. C. Cmonopee’
'Kasanckuii QpenepanbHblii yHUBEPCUTET,
2MuctutyT npobneM Hedr 1 raza Cubupckoro otaenenus PAH, r. SkyTck,

xotoy 82(@mail.ru



N3yyenue BAUSIHUSI IPOMOTOPOB HA MPOIECC 00Pa30BaHMs THAPATA MeTaHA

B CTATHYECKHX YCJIOBHIX

B oannoii pabome npedcmasinensvl sxcnepumMeHmanbhvle UCCiIe008aHUs 00PA308aHUS 2UOPAMA MeMAaHd

U3 3aMOPOIHCEHHBIX PACEOPO8, COOEPAHCAUWUX MATOE KOTULECHEO NPOMOMOPOE (000eyuIcy1bham Hampus

U Mpu-cybuposantoe KACmoposoe Macio), 8 CMAMUYecKUx YCao08usx Memooom ouggepeHyuarvHoll ckanupyroujei
Kanopumempuu. Bviseiennvie 3axoHomepHocmu npomexanus pazoeuix nPespaujeHuil 8 u3yuaemvlx YCioeusx
(Kpucmannuzayus 160a u/unu 2udpama — coBMecmuoe niasienue 1b0a U 00pazosanue uopama), cOBMeujeHHvle ¢
suzyanusayuel GopMupyroumuxcs 2UOpamos, No360IUIU YCMAaHO8UMb haKmopbl, GIUAIOUUe HA UHIMEHCUBHOCID
pocma 2uopama Memana npu NAAGIEHUN 1b0a. NPOMOKOL NOAYYEHUs 2UOPamos (KOHMpOIb MeMnepamypbl

U 0aBNeHUsl Ha PA3HBIX CMAOUSIX npoyecca) U CUld 83auUmo0elicmeus KpUCmaiiumos 2uopamos opye ¢ opyeom

U CO CMeHKamu 4elKu.

KuroueBrble ci10Ba: Ta30BbIe THAPATHI, IIABICHUE JBAA, METaH, IPOMOTOPHI, AudQepeHIranbHas CKaHUPYIOIas
KaJOPUMETPHSL.
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Effect of Promoters on Methane Hydrate Formation under Static Conditions

This paper studied the process of methane hydrate formation from frozen solutions containing small amounts of
promoters under static conditions using differential scanning calorimetry (DSC). The research revealed regularities of
phase transformations under the studied conditions (from ice and/or hydrate crystallization to joint ice melting and
hydrate formation). Coupling the DSC tests with visualization of the forming hydrates allowed the factors affecting the
growth rate of methane hydrate during ice melting to be established. These factors included the protocol for obtaining
hydrates, which involved temperature and pressure control at different stages of the process, and the force of interaction
of hydrate crystallites with each other and with cell walls.

Key words: gas hydrates, ice melting, methane, promoters, differential scanning calorimetry.
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HccaenoBanue KUHETHKH JMCCOUMALIMU ruapaTa TeTpadTopaTana Merogom SAMP-cnekTpockonuu

B pabome uccaedosan npoyecc ouccoyuayuu euopama 1,1,1,2-mempagpmopsmana (ppeon-134a) memoodom
umnyavcHozo AMP evicokoeo paspeutenus. IKCNepumMeHmalbHoO YCMAanosieH Ou@Qy3uoHHO-KUHemu4ecKull xapakmep
npoyecca, e2o Kunemuyeckue napamempsl (KOHCMAHMA CKOPOCMU U 8peMsi NOTYRPESPAYEHUs), a MaKdce
0CObeHHOCMU — CMAOUIU3AYUS OCIAMOYHO20 2UOPAma NPOOYKmamu e2o pasznodcerus. Ilokazano, umo oauHwll

aghpexm 3HauumenrbHO OCAAOAAEMC I C POCHMOM MEeMNEPAmypbl, a FHepeUus AKMUSAyUU OUCCOYUAYUYU 2UOPaAma



@peona cpasuuma c maxKosoil i pa3NoAHCeHUsi OMHOCUMENbHO YCTMOUYUBHIX NPU AMMOCEHEPHOM 0asLeHUU
2uopamos.

KioueBble ci10Ba: ra3oBbIi MHIPAT, JUCCOLUAINS THAPATa, KHHETUKA TUCCOLMALIH,

Monenb ABpamu — EpodeeBa — Koamoroposa, IMP-criektpockormust.
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Study of Kinetics of Tetrafluoroethane Hydrate Dissociation

Using NMR Spectroscopy

The article studies the process of 1,1, 1,2-tetrafluoroethane (Freon-134a) hydrate dissociation by pulsed high-resolution
NMR. The diffusion-kinetic nature of the process, its kinetic parameters - the rate constant and the half-life time, as well
as the features — the stabilization of the residual hydrate by the products of its decomposition were experimentally
established. This effect is significantly weakened with increasing temperature, and the activation energy of freon hydrate
dissociation is comparable to that ones for the hydrates that are relatively stable at atmospheric pressure.

Key words: gas hydrate, hydrate dissociation, dissociation kinetics, Avrami—Erofeev—Kolmogorov model, NMR

spectroscopy.
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Knaccugpuxayua memoooe cunmesa noauzuopoKcuIuposanHvix )yninepenos.

Yacmo 2. Oonocmaouiinvle u MHO20CHAOUTIHbIE NPOUECCH

Buvinonnen ananus cywecmeyrowux memooos cunmesa noiueUOPOKCUIUPOBAHHBIX (DYLIepPeH08 ¢ NPUMEHEHUEM
NPAMO20 XUMUYECKO20 83AUMOOCUCMBUS, A MAKIHCe ANbMEPHAMUBHBIX CNOC0O08 CO30AHUSL, C YETbIO GbIAGNEHUSL
ONMUMATHHBIX MEMOOUK NOIYUEHUs, OIS UX PeaTu3ayuu 8 pa3iuiHblX MexHOI02ULeCKUX U OUOMEOUYUHCKUX
obnacmsx. Q6obwena u Kiaccupuyuposana HAyUHas aumepamypa OaHHoU cghepvl ucciedosanull. Jlana oyenxa
IhpexmueHoCmuU U BO3MOICHOCU NPAKMULECKO20 PEAnU3ayuu paspabomanHbix Memooos CUHmMe3d Ha OCHOBAHUU
6CECMOPOHHE20 PACCMOMPEHUSL TUMEPAMYPHOU U NAMEHMHOU UHpOpMayuu.

KiroueBble ciioBa: GpyuiepeH, NOTUTHAPOKCUIINPOBAHHEIN (hyIsepeH, GpyiepeHol, METOAbl CUHTE3a.
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Classification of Methods for the Synthesis of Polyhydroxylated Fullerenes. Part I1



A complete analysis of the existing methods of synthesis of polyhydroxylated fullerenes using direct chemical
interaction, as well as alternative methods of creation has been carried out in order to identify the optimal methods of
obtaining, for their implementation in various technological and biomedical fields. The scientific literature on this
field of research is summarized and classified, and a comparative assessment of the efficiency and feasibility of
practical implementation of the developed synthesis methods is given on the basis of a comprehensive review of
literature and patent documents.

Key words: fullerene, polyhydroxylated fullerene, fullerenol, synthesis methods.
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I'mapodopmusiupoBanue HU3MIUX 0J1Ie(PMHOB M MPUMEHEHHUE MPOAYKTOB OKCOCUHTE3A

Ha ocHoBe anbJern10B Cs—Cs B IPOU3BOICTBE CJ0KHOI(PMPHBIX CMA304HBIX MaceJl.

Yacts I1. PoaueBbie npouecchl ruipoGopMUIUPOBAHUS HU3LINX oJ1epuHOB, pa3padoTanubie OO0 «PH-IITUP»
Onucanvl npoyeccovl R-OXO 2udpodopmunupo8anus Ha KOMNIEKCAX pooust ¢ PoCchumHbIMu TUAHOAMU,
paspabomannsie 8 OO0 «PH-LIHP» — npoyecc cenekmugHo2o noiyyeHus H-0ymupaisi u3 nponuiena

(R-OXO 1), npoyecc nonyuenus cmecu H- u uzobymupais 6 paguvix 0onsx (R-OXO I1), npoyecc cerekmugrno2o
NOJY4eHUsl H-NeHMAanais u3 cmecu aunelnvix oOymernos (R-OXO I1l). Jlano onucanue cxemul 2uopoghopmuruposanus
NPONUNIEHA C MEMOPAHHBIM OMOeieHUeM KaAMmAaau3amopa om majceivlx npooykmog peaxyuu. [lposeden ananus
Hanpasienus ucnonbL308anusi npooykmos okcocunmesa Cs—Cs @ kauecmee colpbsi 0Jisl NOAYUEHUSA

CHLOACHOIPUPHBIX CMAZOUHBIX MATNEPUATOS

KaroueBble cjioBa: rupoOpMUITIPOBaHUE, OKCOCHHTE3, oNeuHbI C2—C4, pOJIeBbIC KaTaIU3aToOpPHI,

HEOTIOJIHOJIBI, CJI0KHOA(UPHBIE CMa30YHbIE MacIa.
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Hydroformylation of Low Molecular Olefins and Preparation of Oxosynthesis Products Based on C4—Cs
Aldehydes in the Production of Ester Lubricating Oils.

Part I1. Rhodium Catalyzed Hydroformylation of Low Molecular Olefins Developed

by United Research and Development Center

The processes of R-OXO hydroformylation on rhodium complexes with phosphite ligands developed by United
Research and Development Center are described — the process of selective production of n-butyral from propylene
(R-OXO 1), the process of obtaining a mixture of n- and isobutyral in equal parts (R-OXO Il), the process of selective
production of n-pentanal from a mixture of linear butenes (R-OXO I1l). The description of the scheme of
hydroformylation of propylene with membrane separation of the catalyst from heavy reaction products is discussed.
The analysis of the direction of using Cs—Cs oxosynthesis products as raw materials for the production of ester
lubricants is carried out.

Key words: hydroformylation, oxosynthesis, olefins C>—C4, Rhodium catalysts, neopolyols, ester lubricants.
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Thermogravimetric Analysis of Heavy Oil Oxidation in the Presence of Nickel Based Catalysts

This study investigates the catalytic effects of Nickel-ligated catalysts derived from tall oil (NiTO) and sunflower oil
(NiSFO) on the oxidation of heavy oil. Thermogravimetric (TG) analysis were employed to assess the thermal
behavior and kinetics of heavy oil degradation. The Friedman isoconversional method provided the activation
energies (Ea ), which were then used to derive thermodynamic parameters including changes in enthalpy (I H),
entropy (11S), and Gibbs free energy (I11G). The TG analysis revealed that both NiTO and NiSFO influence the
degradation kinetics of heavy oil. Moreover, NiTO exhibited a consistent catalytic effect across a wide range of
conversions, lowering the onset temperature of degradation and promoting faster degradation rates, which suggests a
rapid breakdown at lower temperatures. Conversely, NiSFO demonstrated a substantial decrease in activation energy
at mid-range conversions, indicating a highly efficient catalysis during these stages. In addition, thermodynamic
analysis indicated that both catalysts alter the energetic profile of the reaction. Notably, NiSFO reduced G
significantly at lower conversions, enhancing the spontaneity of the reaction, while NiTO was associated with lower
G values across most conversions, implying a more favorable reaction throughout the process. The findings suggest
that the choice of catalyst can be tailored based on the desired conversion range and reaction spontaneity in
industrial heavy oil processing. These insights could be crucial for optimizing thermal treatments in heavy oil
upgrading, offering potential improvements in the efficiency of in-situ combustion and enhanced oil recovery
technologies.

Keywords: heavy oil, in situ-combustion, transition metals, sunflower, tall oil.
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Catalytic Combustion Enhancement in-situ for Heavy Oil Recovery

1t is common knowledge that in-situ combustion is highly promising method for improving heavy oil recovery. The
present research explores the effects of Cobalt-ligated catalysts derived from sunflower oil (CoSFO) and tall oil
(CoTO) on heavy oil oxidation, aiming to enhance in-situ combustion process. Through differential scanning
calorimetry (DSC) we assessed the oxidation kinetics of heavy oil in the presence and absence of these catalysts. Our
findings indicate that both CoSFO and CoTO significantly improve the oxidation process, particularly in the
high-temperature oxidation (HTO) phase crucial for combustion front stabilization. Notably, CoTO demonstrated
superior efficacy in reducing oxidation times across all conversion levels, suggesting its potential to optimize the
efficiency of EOR techniques. This research highlights the promise of Cobalt-ligated catalysts in advancing heavy oil

recovery and suggests directions for future studies to further investigate their industrial applications.



Keywords: heavy oil, in situ-combustion, ligand, EOR, catalysts.
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Inovative Solutions towards Achieving Comprehensive Restoration of Petrolenm-Contaminated Soils
Composting is an effective and cost-efficient engineering technique used to treat agricultural waste. It involves the
conversion of organic materials into stable compounds and the rapid degradation of organic matter through
microorganisms found in feces. The resulting high-quality fertilizer can improve soil physical, chemical, and
biological properties. However, the excessive use of heavy metals in livestock breeding can restrict the use of livestock
manure for composting. Long-term application of compost products containing heavy metals can cause irreversible
damage to farmland soil environments. This paper summarizes several important factors that affect the detoxification
of heavy metals in composting and discusses the passivation effect of typical heavy metal passivators. The
detoxification mechanism of heavy metals in compost is summarized from two perspectives: the humification effect of
heavy metals and the environmental interface effects of microorganisms. This paper provides a foundation for
improving the agronomic use value of avian manure aerobic composting products and for studying heavy metal
passivation in compost. The application of aerobic composting in the remediation of petroleum-contaminated soil
exhibits a dual impact, primarily focusing on the synergistic effects on petroleum hydrocarbon degradation and soil
improvement. Such research endeavors are poised to offer innovative solutions towards achieving comprehensive
restoration of petroleum-contaminated soils.

Keywords: composting, heavy metal, passivation mechanism, detoxification.
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Study on Water Intrusion Flow Model of the Tight Gas Reservoir

Aiming at the problem that the water intrusion control factors of multi-stage fracturing horizontal wells in tight gas
reservoirs in edge and bottom water are not clear, the linear supply boundary is used to characterize the water
intrusion characteristics and derive the mathematical characterization formula, considering the stress sensitivity and
diffusion mechanisms of tight gas, and the water intrusion flow model of multi-stage fracturing horizontal well in tight
gas reservoirs in edge and bottom water is established, and the bottom pressure and its derivative curves are obtained
by Laplace and perturbation transformation. Furthermore, the influence of water intrusion strength, matrix-fracture
channeling capacity, storage capacity coefficient, fracture segment spacing, fracture conductivity and other factors on
the degree of water intrusion and water exposure time were analyzed. By fitting the well test data of the established

model, the water intrusion intensity parameters can be obtained, and the water intrusion control of gas wells can be



guided according to this parameter. The data analysis of two typical wells in the western oilfield was carried out by
applying the established model, and the analysis results were well matched with the actual production, which verified
the reliability of the model, and according to the analysis results, the treatment measures of the two wells were
proposed, and the two wells obtained good production results.

Keywords: edge bottom water, multi-stage fracturing horizontal wells, degree of water intrusion,see water time.
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Preparation and Performance Evaluation of P(St-AM) Microencapsulated Gel-Breaking Agents

with Core-Shell Structure

Utilizing emulsion polymerization, a microcapsule breaker with a polystyrene-polyacrylamide core-shell structure
was synthesized. Ammonium persulfate served as the breaker, polystyrene as the shell, and polyacrylamide as the
drug-carrying agent. The results demonstrated that the synthesized microencapsulated gel-breaker exhibited a
uniform spherical shape, superior water dispersion, and enhanced thermal stability. Conductivity tests indicated that
the core-shell structure of the microcapsules effectively regulated the release of ammonium persulfate as a
gel-breaking agent, resulting in delayed polymer gel-breaking.

Keywords: microencapsulation, glue breaker, oilfield chemistry, polymers.
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Some Approaches to the Assessment of Shale Oil and Gas Resources

In recent years, with the continuous development of exploration technology, great achievements have been made in
shale oil exploration in the ST Basin in my country. However, in practice, due to insufficient understanding of the
formation mechanism, evaluation standards and resource potential of shale oil, this has brought certain constraints
and limitations to the exploration and evaluation of shale oil. This article conducts a comprehensive analysis of the
main controlling factors of shale oil resource potential in Area A of the ST Basin. Based on the “three-thirds”
relationship between TOC and oil content, the shale oil and gas resource classification evaluation method is
determined. Using the shale oil reservoir evaluation method, the shale oil in Area A of the ST Basin was evaluated.
The study found that Block A not only has good reservoir performance, but also has excellent oil and gas quality, and
the brittle minerals have good compressibility. The shale oil resources in area A were calculated based on relevant
parameters, and it was found that the potential shale oil resources in this block reached 9.66-10° t. The research
provides certain technical support for the exploration and development of shale oil in China.

Keywords: shale oil, shale oil and gas resource description, evaluation criteria, potential evaluation.
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Detection of Bubble Flow by Cluster Analysis of Ultrasound Waves’ Spectral Properties

As a non-invasive tool, ultrasound waves can be applied to probe gaseous content of the drilling fluid in offshore
oil-drilling operations. The approach is believed to improve sensitivity and accuracy of a gas-kick detection system. In
this research, four types of bubble flow are designed to simulate undeveloped gas kicks, and their effects on changes
of ultrasound waves are investigated. The bubbles are found to have changed power distribution of the sound waves
that have been reflected by the bubbles and received by side sensors. The pattern of power spectrum changes around
the master frequency is found to be closely related to the type of bubble flow. Such changes are grouped on the basis
of cluster analysis, and it is found that bubble strings and bubble groups would produce substantially different effects
and that bubble mergences would largely alter spectral property of the sound waves. By establishing relationship
between power-change pattern of sound waves and the behavior of a bubble flow, the research is intended to seek a
more predictive way of recognizing early-stage gas kicks for offshore oil-drilling practices.

Keywords: ultrasound waves, gas kick, cluster analysis, spectral properties.
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Synergistic Effect of Oxidation Dissolution and Acid Fracturing in Improving Shale Gas Production Capacity
Shale gas is an extremely important unconventional oil and gas resource, and its efficient development can effectively
alleviate the current tense energy situation. However, shale gas reservoirs often have extremely poor permeability,
and reservoir transformation has become a key technology for achieving their efficient development. However, the
commonly used hydraulic fracturing technology is difficult to achieve its target production capacity, and other
engineering technologies related to reservoir transformation urgently need to be proposed and attempted. The
synergistic operation of oxidation dissolution and acid fracturing may provide new ideas for the effective
transformation of shale reservoirs. To this end, a comparative analysis was conducted on the synergistic effects of
oxidation dissolution and acid fracturing operations in improving shale gas production capacity. The research results
indicate that the dissolution effect of oxidants is more effective than acid solution in the transformation process of
shale reservoirs. The use of acid only widens the crack width from the initial 4.4 mm to the final 5.1 mm. However, the
use of oxidants will result in the final width of hydraulic fractures reaching 8.3 mm. Meanwhile, the effects of acid
concentration and oxidant concentration on hydraulic fracture conductivity and shale gas production capacity were
investigated. The results indicate that increasing the acid concentration below the low concentration range can

significantly enhance the fracture conductivity, thereby promoting the production capacity of shale gas. However,



within a higher concentration range, its effect on shale gas production is significantly limited. It is recommended to
set the acid concentration design value at 0.5 wt% during the acidizing and fracturing reservoir transformation
process of the shale gas reservoir in Changning block. In addition, an increase in the concentration of oxidants can
widen the width of fractures and increase permeability, thereby promoting the migration and extraction of shale gas.
To avoid the increase in development costs caused by high oxidant concentration in the working fluid, it is
recommended to design the oxidant concentration at 3 wt%.

Keywords: shale gas, acid fracturing, oxidative dissolution, enhanced oil recovery.
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Research on the Axial Stress Distribution Law of Mountain Pipeline under the Action of Lateral Landslides
This article studies the distribution law of axial stress in mountain pipelines under the action of lateral landslides.
Firstly, a mechanical model is established for analysis, taking into account the geometric nonlinearity of the pipeline
and the physical nonlinearity of the longitudinal resistance of the soil outside the landslide. The theoretical
calculation method for the axial stress of the pipeline under two conditions of tension or pressure is obtained, and the
calculation formula for the axial stress of mountain pipelines under the action of lateral landslides is summarized. The
finite element method was used to simulate and calculate buried pipelines affected by lateral landslides based on
nonlinear contact problems. The single variable method was used to analyze the influence of soil parameters,
landslide body parameters, mountain body parameters on both sides, and some other parameters on the axial stress of
mountainous pipelines. The axial stress distribution of buried pipelines under different influencing factors was
analyzed, and the axial stress distribution in four different directions of pipelines 0, 3, 6, and 9 was obtained, Analyze
the variation pattern of axial stress in the pipeline at the location of stress concentration, and the results indicate that
stress concentration occurs in the pipeline at the middle and edge positions of landslide displacement,; According to
the relationship between the axial stress of the pipeline and various influencing factors, the relationship between the
maximum axial stress of the pipeline and a single factor is fitted, and the axial stress distribution law of the mountain
pipeline under the lateral landslide effect is finally obtained.

Keywords: lateral landslide, axial stress, finite element model.
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Characteristic of AMPS-Based Self-Healing Material and the Effect

on the Properties of Oil Well Cement Slurry

The self-healing cement used in oil wells aims to provide long-term interlayer isolation by enabling the cement system
to repair itself. This paper compared the absorption properties of 2-acrylamido-2-methyl propanesulfonic acid
(AMPS)-based superabsorbent polymer (SAP) and acrylic acid (AA)-based SAP in water and cement slurry filtrate.
The effect of cement slurry filtrate on the water absorption properties of the two SAPs was evaluated. The results
showed that the calcium ions in the cement slurry would crosslink with the carboxyl groups in the AA-SAP, increasing
the crosslink density and greatly reducing its absorption rate in water. Compared to AA-SAP, AMPS-SAP is more
suitable for oil well cement slurries. AMPS-SAP can help reduce the fluid loss of cement slurry. The addition of 0.4%
AMPS-SAP in cement slurry results in a 64 mL decrease in fluid loss. The properties (rheological properties,
thickening time, and compressive strength) of cement slurry meet the requirements for well cementing construction.

Keywords: self-healing cement, superabsorbent polymer, oil well cement, AMPS.
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Diagenesis and Genetic Model of Calcareous Interbeds in Marine Strata

Calcareous interbeds control the migration of oil and water in marine strata. However, in China, the origins of such
calcareous interbeds have not been investigated in detail. In this paper, we present a study of calcareous interbeds in
marine strata of the Zhujiang Formation in the Wenchang Oil Field, which is located in the southeast of Hainan
Province, China. The lithological characteristics, types and features of diagenesis, and formation of the calcareous
interbeds were investigated using core, thin-section, scanning electron microscopy, and cathodoluminescence
observations, and stable carbon and oxygen isotope data. The calcareous interbeds consist of mixed sediments, which
are dominated by bioclastic limestones containing terrigenous clasts, along with subordinate calcareous sandstone.
The interbeds are densely cemented. The bioclasts are dominantly brachiopods, pleopods, and foraminifera, with
minor amounts of echinodermata, bivalves, red algae, ostracods, and bryozoa. Diagenesis involved calcitic
cementation, associated with relatively weak compaction. Carbon and oxygen isotopic data indicate the pore water
that formed the carbonate cement was mostly sourced from seawater and minor amounts of meteoric water. The
degree of carbonate cementation was significantly related to the bioclast content. On the basis of our study, a genetic
model for the macroscopic and microscopic formation of calcareous interbeds is proposed.

Keywords: diagenesis, genetic model, calcareous interbeds, marine strata, Zhujiang Formation; Wenchang Oil

Field.
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Development and Performance Evaluation of Paraffin

and Aromatic Hydrocarbon Synergistic Lotion Wax Remover

The chemical paraffin removal agent QLJ-1 was developed by analyzing the composition of crude oil, the wax content
and the point of paraffin removal in the wellbore of an oilfield in northwest China. The orthogonal test was used to
determine the formula as follows: mixed organic solvent (70% aromatics, alkane volume ratio of 2:2:1) + mixed
surfactant (7% Tween-80, AEO-9, fatty acid salt mass ratio of 1:2:1) +23% pure water. The results of kinetics and
emulsion stability study show that the saturated wax dissolution amount of QLJ-1 is 1.62 g, the wax dissolution rate is
0.0263 g/min, the wax dissolution equilibrium time is about 1h, and the emulsion stability time is 6 d. The wax
dissolving effect of QLJ-1 is better than that of the current paraffin remover. The research results of this paper can
provide technical support for improving the chemical paraffin removal process in an oilfield in Northwest China.

Keywords: emulsion type wax remover, wax dissolving rate, kinetics of wax dissolving, emulsion stability.
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Interpretable Deep Learning Approach for Production Forecasting of Fractured Horizontal Wells

Timely and accurate forecasting of well production in tight gas reservoirs is of paramount importance for
comprehensive field development and financial decision-making. Despite the application of deep learning (DL)
models in constructing predictive frameworks, their intricate nature and limited interpretability present challenges for
petroleum engineers, hindering their understanding of learned inference mechanisms and trust in predictions. This
study advocates for the adoption of interpretable DL solutions, incorporating SHapley Additive exPlanations (SHAP),
to provide explicit elucidations of a prediction model by implemented by gated recurrent networks. The method’s
efficacy is substantiated using data from the Tao2 gas field in the Ordos Basin, China. The outcomes underscore the
model’s exceptional predictive capabilities. Leveraging the SHAP method for global interpretation provides valuable
insights into the collective impact of various factors. Simultaneously, employing SHAP for local interpretation
furnishes personalized explanations for well productivity predictions. The findings gleaned from this research are

poised to enhance well operations and field development planning.
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Research on Geochemical Response Characteristics of Dry Hot Rocks Injected

with Scale Removal pH Modified Fluid

Geothermal energy has abundant reserves, is clean and environmentally friendly, and is an important alternative
energy source for future oil and gas resources. However, during the development of dry hot rock geothermal energy,
scaling in hydraulic fractures can easily lead to a decrease in water injection and thermal recovery capacity, affecting
the effectiveness of thermal recovery. By comparing the differences in the temperature of the produced liquid in the
enhanced dry hot rock geothermal system before and after scaling, the impact of scaling on geothermal development
was analyzed, thereby proving the necessity of scale removal in the dry hot rock development process. The influence
of different factors on the geochemical response characteristics of dry hot rocks during the descaling process using
pH modified fluids was explored. The research results indicate that the generation of precipitates such as calcium
carbonate in cracks can lead to a gradual decrease in the temperature of the produced liquid during geothermal
development. During the experiment, the temperature of the extracted liquid decreased from the initial 178°C to the
final 90°C. In addition, when the pH of the injected liquid is 4.5, the generation of precipitates such as calcium
carbonate in hydraulic fractures is minimal, resulting in better geothermal development and the highest temperature
of the produced liquid. However, when designing the pH value of the injection solution, it is still necessary to consider
the corrosive and destructive effects of the injection solution’s acidity and alkalinity on the development system.
Finally, due to the sufficient heat exchange between injected water and dry hot rock at lower injection rates, the
temperature of produced water will be higher. However, the effectiveness of geothermal development will deteriorate
with the increase of injection rate, so it is more reasonable to design the injection rate of injected water at 6 L/min.
Research can provide theoretical basis and technical support for the efficient development of dry hot rock geothermal
resources.

Keywords: geothermal energy, PH modifier, descaling, dry hot rock, geochemistry.
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Characterization of Pore Structure and Water-Driven Residual Qil Distribution in Low-Permeability
Reservoirs Based on Digital Cores

In order to solve the problems of unclear mechanism of residual oil formation and storage state at the late stage of
water-driven development in low-permeability sandstone reservoirs, a three-dimensional digital core model was

constructed based on CT scanning technology. A three-dimensional digital core model of the reservoir was



constructed based on CT scanning technology, and an unstructured tetrahedral mesh model was established to extract
the connected pore structure and quantitatively characterize the micro-pore structure of the rock samples. A
mathematical model of oil-water two-phase microscopic seepage flow was established based on NS equation and level
set algorithm, and a finite element method was used to solve the model and simulate the microscopic water-driven oil
flow. The results show that: the pore throat size and connectivity are the main factors determining the permeability of
the reservoir; obvious viscous fingering phenomenon can be observed in the simulation of microscopic water-driven
oil, and the residual oil of the water-driven oil mainly exists in the form of reticulated residual oil, blind-end pore
residual oil, residual oil in small pore throats, residual oil in the parallel channels, and oil film, increasing the
intensity of the injection can effectively utilize the reticulated residual oil and the residual oil in small pore throats,
and the improvement of the viscosity ratio can obtain a larger wave and oil-water ratio, which can be used to improve
the oil-water flow. Improvement of viscosity ratio can obtain larger wave and volume, and improvement of wettability
can effectively utilize the remaining oil in the blind-end pores and oleophilic pore channels.
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Study on the Synthesis and Performance Evaluation of a Composite High-Temperature

Flushing Isolation Fluid Stabilizer

Under ultra-high temperature and high-density conditions, most existing wash isolation liquid suspending agents have
limited suspension capabilities at low dosages. This study enhances the suspension ability, optimizes the surface
charge distribution, and reduces the probability of precipitation by surface modification and graft polymerization of
inorganic mineral materials, thus preparing an organic-inorganic hybrid high-temperature suspension component. By
introducing crosslinkers and active monomers with large steric hindrance and high rigidity, the study optimizes the
microstructure of the polymer molecular chain, enhances rotational freedom, and improves thermal resistance,
leading to the preparation of organic micro-crosslinked ultra-high temperature suspension components. The
composite anti-high temperature wash isolation liquid suspending agent prepared in this study combines the
characteristics of both inorganic and organic materials. While ensuring rheological properties, it can control the free
liquid of the isolation liquid with a density of 2.2 to 2.6 g/cm® at 200°C to 0 mL, with a density difference of no more
than 0.03 g/cm’ after 2 hours of standing, effectively improving the sedimentation stability under high temperature
and ultra-high temperature conditions for high-density isolation liquid systems. The results of this study provide a
theoretical basis for the safety of deep well cementing operations.

Keywords: isolation liquid, suspension capability, surface modification, graft polymerization, organic materials.
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Synthesis of a New Type of Gemini Surfactants and Study

on the Repair Performance of Near-Well Reservoir

In this paper, a new type of Gemini surfactant was synthesized by esterification reaction of phthalic anhydride and
fatty alcohol polyoxyethylene ether to improve the pollution problem and achieve the purpose of reservoir restoration
in the near-wellbore area. The target product was characterized by infrared spectroscopy and hydrogen nuclear
magnetic resonance spectroscopy. The ability of Gemini surfactant to reduce boundary surface tension, wettability,
dispersion, viscosity reduction, oil washing and core damage recovery were studied. Gemini surfactant The critical
micelle concentration (cmc) and the corresponding [-cmc of Gemini surfactant are 26 mg/L and 30.26 uN/m,
respectively. Gemini surfactant has a good ability to wash oil, which effectively reduce the interfacial tension of oil
and water. At the same time, the benzene ring in the molecular structure of Gemini surfactant dissolve the organic
matter in the pollution source, and the core permeability could be restored.

Keywords: fatty alcohol polyoxyethylene ether, surface activity, pollutant formation, core damage recovery.

Weiwei Jiao'*, Yang Huang', Difei Zhao?, Haijie Zhang’, Lei Wen', Ye Zhang®, Ping Guo', Jiaming Zhang’
''School of Architecture and Engineering, Chongqing Industry Polytechnic College, Chongqing, China;

2 Artificial Intelligence Research Institute, China University of Mining and Technology, Xuzhou, China;

3 Chongqing Shale Gas Exploration and Development Co., Ltd, Chongqing, China;

4 Chongging Institute of Geology and Mineral Resources, Chongqing, China;

3> School of Resources and Geosciences, China University of Mining and Technology, Xuzhou, China.
wanglang135jh@126.com

Characterization and Application of Quartz from Different Sources

in Typical Shale Reservoirs

In this paper, taking the Wufeng Formation-Longmaxi Formation shales in the southeastern region of the Sichuan
Basin as an example, the thin section, X-ray, geochemical testing and TIMA techniques are used to systematically
study the source analysis and characterization of quartz fractions, and in turn, the mechanism of the development of
highly brittle shale reservoirs is revealed. The results of the study show that the high quartz mineral content segments
are well stacked with the organic matter enriched segments. Excess silica occurs in the lower part of the Wufeng
-Longmaxi Formation, and some samples in the middle and upper part of the Wufeng and Longmaxi Formation have
excess silica deficit; the K20/Na:O ratio is generally >1, reflecting that the reservoir quality is affected by the
biogenic silica. Land-sourced detrital quartz grains, on the other hand, are significantly larger and are generally
distributed over a range of tens to more than a hundred micrometers, often with clay minerals and organic matter
around the periphery. Biogenic siliceous fossils are mainly developed in the lower part of the Wufeng-Longmaxi
Formation, dominated by biogenic siliceous remains such as radiolarians. TIMA test results show that quartz belongs
to the mineral type with absolutely dominant content ratio in the bottom samples of the Wufeng-Longmaxi Formation

and reflects the characteristics of fine-grained-muddy carbonaceous horizontal laminar deposition. There are three



different types of quartz grain distribution patterns in shale reservoirs, including excess silica type, multi-source silica
type, and land-source silica type. The layers of highly brittle shale reservoirs are all at the bottom of
Wufeng-Longmaxi Formation, which is rich in biogenic silica, and at the same time, they are also in the active layers
of montmorillonite and other abundant volcanic activities, and they are developed in the closed basins as well as the
deep-water land scaffolds, so that the reservoirs have a good self-sealing; at the same time, the combination of
microcrystalline quartz+organic matter makes the reservoirs have an excellent mechanical brittleness.

Keywords: shale reservoir, quartz, organic matter, mechanical properties.
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Study on the Division of Remaining Recoverable Reserves Abundance in Specific Reservoirs

The Yanchang group Chang 6 reservoir in the Tiebiancheng area, after decades of exploitation, exhibits localized
zones of relatively high permeability but is predominantly characterized as an extra-low permeability oil reservoir
with minimal natural productivity. The reservoir’s strong heterogeneity poses challenges in achieving production
targets, resulting in significant variations in well yields. Therefore, a scientific division of potential zones within the
blocks, targeted exploitation strategies are necessary. This study classifies the recoverable reserves abundance of the
Chang 6 reservoir in the Tiebiancheng area into four distinct types, based on the analysis of two oilfield indicators:
material potential field and flow state field. These types are categorized as follows: high velocity and high abundance
(Type 1), low velocity and high abundance (Type 1l), high velocity and low abundance (Type 11l), and low velocity and
low abundance (Type 1V). Moreover, tailored exploitation strategies are proposed, considering the characteristics of
different favorable target zones. A computational simulation of regional oil production, with zoning exploitation
strategies taken into account, indicates an anticipated cumulative oil production of 1463-10* m*> by 2027, whereas the
cumulative oil production of the control group is projected to reach 1387-10° m®, resulting in a notable difference of
7610 m?, signifying a considerable improvement in the recovery rate.

Keywords: Chang 6 reservoir, remaining recoverable reserves, abundance zoning, exploitation strategy.
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Seismic Sequence and Source Analysis of Typical Sandstone Reservoirs



In order to understand the problem of sediment sources in the Xujiahe Formation of the Central Sichuan Uplifi,
high-density two-dimensional seismic data was used, and LCS2 (the second section of the Xujiahe Formation) was
taken as the research object. Combined with logging interpretation results, typical seismic facies were identified
within the sequence, including slope seismic facies, foreset seismic facies, and cut channel filling seismic facies. The
pre-sedimentary seismic facies can be divided into two types: S-shaped and oblique pre-sedimentary facies. The
stacked seismic facies representing the rapid filling environment of sediments are mainly distributed in the southeast
of the study area, while the northwest mainly develops relatively low-energy sedimentary mechanisms of S-shaped
seismic facies. The seismic facies of river filling are mainly distributed in the eastern and southeastern parts of the
work area. On the plane, the seismic phase of the river channel filling has a trend of gradually widening and
shallowing towards the northwest direction. In addition, the distribution of sedimentary facies was analyzed using
seismic attributes. The southeastern and central parts of the study area are mainly composed of near source rich sand
braided river alluvial plains, while the northwestern part is mainly composed of near shore rich mud braided river
alluvial plains. The distribution of sedimentary facies belts generally shows a southwest to northeast distribution.
From southeast to northwest, the sedimentary facies show a clear trend of changing from rich sand to rich mud.
Based on the comprehensive distribution characteristics of seismic and sedimentary facies, it is believed that the river
channels above the ancient uplift in central Sichuan basically enter the region from the south or southeast, and
transport sediments from southeast to northwest. Based on the above evidence, it is inferred that the sediment of the
Xujiahe Formation in the central Sichuan Uplift mainly comes from the “Qianzhong Ancient Uplift” or “Fanjing
Mountain Ancient Land” in the southern and southeastern parts of the Sichuan Basin.

Keywords: province analysis, seismic facies, sandstone reservoir.
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Fault Leakage Behaviors and CO: Migration in Different Types of Geological Carbon Storage

Geological carbon storage is considered to be an effective measure to mitigate climate crisis. The method in which
CO: is stored depends on its phase state and the depth at which it is injected. In this study, the fault-reservoir system
is constructed to elucidate the fault leakage behaviors and CO: migration in different geological storage
environments. Whether CO: is buoyant or sinking depends on the fluid density difference between CO:z and H>O.
When carbon dioxide is injected into deep saline aquifer, CO2 would preferentially migrate upward along the fault
plane due to CO: buoyancy forces, and CO: plume accumulates beneath the caprock and floats at the top of the
reservoir eventually. For CO: storage in deep ocean reservoir and volcanic basalt, no upward migration of CO:

plume is observed during carbon storage. Fault plane is the preferential pathway for carbon downward



transportation during ocean-based CO: storage, providing a virtually unlimited environment. Compared with deep
ocean storage, the much shorter sinking times makes volcanic basalt for carbon storage safer and more effective. It is
illustrated that the fluid density difference between CO: and H:0 is the decisive factor in determining CO: sinking
velocity. This investigation of searching CO: sinking reservoirs provides a promising alterative reference for remove
and storage large volumes of the greenhouse gas.

Keywords: fault leakage, geological carbon storage, carbon sequestration, CO: injection, CO: plume, greenhouse
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Preparation and Mechanism of Low-Molecular-Weight Amine-Based Inhibitor That Completely Inhibits
Surface Hydration of Clay Minerals

The inhiition of surface hydration is the most fundamental technical measure for controlling shale borehole stability,
but little research has been conducted on the inhibition of surface hydration. In this study, the low-molecular-weight
amine inhibitor NH-2 was prepared. The inhibition performance of the NH-2 inhibitor was studied by linear
expansion experiment, shale rolling recovery, isothermal adsorption, X-ray diffraction and thermogravimetric
analysis. The inhibition mechanism was studied by X-ray diffraction and X-ray photoelectron spectroscopy. The
results showed that 1 wt% NH-2 had a lower linear expansion ratio than did 5 wt% KCI and 1 wt% polyamine. The
shale rolling recovery rate of the drilling fluid significantly improved after the addition of the NH-2 inhibitor. After
the inhibitor NH-2 was added, the unit adsorbed water content of sodium montmorillonite decreased from 0.1104 g/g
to 0.0331 g/g. The basal spacing of dry sodium montmorillonite increased from 1.01 nm to 1.3 nm, while that of wet
sodium montmorillonite decreased from 1.9 nm to 1.31 nm. The DTG curve has only one low-temperature peak, and
the sodium ion content in sodium montmorillonite was greatly reduced. These results showed that the NH-2 inhibitor
has good inhibition performance. The inhibitor NH-2 enters the interlayer space of sodium montmorillonite through
intercalation, displaces exchangeable cations, and minimizes the base spacing of sodium montmorillonite. Thus, the
surface hydration of sodium montmorillonite was completely inhibited. In addition, the decomposition temperature of
the NH-2 inhibitor was 232°C, which indicates good thermal stability. This study provides an inhibitor with high
temperature resistance and efficient inhibition of hydration.

Keywords: shale gas, sodium montmorillonite, surface hydration, inhibitor, inhibition performance.
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Corrosion Behavior of N80 Steel in Underground Supercritical CO2 Environments

In the CCUS project, CO: utilization had achieved remarkable results in oil displacement. But, at present, one of the
main reasons that seriously affected the large-scale application of CCUS projects was that the corrosion behavior of
underground environment on pipe string or wellbore was not fully evaluated. It was revealed that the wellbore
corrosion behavior in the harsh environment in the process of CO: flooding was the key to ensure the safe production
of oil fields. Therefore, this paper took the corrosion environment with temperature of 81.7°C, pressure of 52.3 MPa
and high salinity in the well depth of 4517 m as the research object, to study the corrosion behavior of oil casing N80
steel through corrosion rate, corrosion morphology and electrochemical experiments. The results showed that the
corrosion rate increased with the increase of experimental time, behaved by the charge transfer resistance decreased.
However, when the experiment increased from 800 h to 1000 h, the pitting corrosion rate increased from 1.47 mm/a to
1.782 mm/a, which was consistent with the ratio of anode/cathode Tafel constants and corrosion density. This was
mainly because the relatively dense FeCQs corrosion product layer generated on the N8O steel surface gradually
brook down due to synergistic effect of amorphous CrOs, Fe’*/Ca’* complex salt and Cl” during the experiment,
which promoted the initiation and development of the corrosion pits. Compared with the bare NS8O steel, the
incomplete corrosion product layer aggravated the rapid development of pitting corrosion.

Keywords: N80 steel, underground supercritical CO: environments, corrosion rate, corrosion morphology,

electrochemistry.



	Content
	Содержание 100

