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H. A. Mycmagpun', P. H. l'anuaxmemoé?®, A. K. Kypouxkun’, A. @. Axmemos', A. P. Xanoe'

'V pumcknii rocy 1apcTBeHHBIN HEPTAHON TEXHUYECKUI YHUBEPCHUTET,

’BbamKHUpPCKUI TOCYIapCTBEHHBIA YHUBEPCHTET,

STVIT «MIITOP» , 1. Ya

iamustafin@gmail.com

TepMonecTpyKTHUBHAS MePeroHKa ra3oiijia 1 Ma3yTa B IPUCYTCTBHH YJIbTPATUCIEPCHBIX, METAJICOAEPKAITAX
KATAJTUTHYECKHX CHCTEM B ONMBITHO-MIPOMBINIEHHBIX YCI0BHAX

B pabome uccredosan npoyecc mepmooecmpykmueHoU pa3eouKu 8aKyyMHO20 2A30UIsA C NOLYYeHUueM
PILbMPAOUCHEPCHOU KAMATUMUYECKOU CUucmeMsl, cooepicauyeli Huxenw. [Ipusedenvl pesyrbmamoi nociedyrouyeti
nepepabomKu Mazyma ¢ NPUMeHeHueM IMOoU Kamaiumuyeckol CUCmeMbl Ha ONbIMHOU YCMAaHo8Ke. YcmaHogneHo,
Umo 8 NPUCYMCMEUU 2-3MUneKcanoama HuKeis mepmooecmpykmueHas pa3eoHka 8axKyymmozo easouas 0o 405°C
no3zegoasiem evloeaums 61,2% macc oucmunnamuvix ppaxyuil. Ilpu ucnonvzosanuu 6 npoyecce nepepabomxu mazyma
mepmuyeckum gozoeticmauem 10% macc Ky606020 ocmamxa, 00pazyrOwenics npu pazecoHKe GaKyyMHO20 2a301,
obL10 nonyyeno 64,6% macc oucmuanama.

KiioueBble cj10Ba: BAKyyMHBII T'a301ib, Ma3yT, HAHOKATAIH3aTOPBI, TEPMHUYUECKAs JECTPYKIIUS,

YIbTPaAUCTIEPCHBIC KATAJIUTUUCCKUC CUCTEMBI, 2-3TUJINEKCAHOAT HUKEJIS.

L. A. Mustafin', R. N. Galiakhmetov’, A. K. Kurochkin’, A. F. Akhmetov', A. R. Khanov'.

'Ufa State Petroleum Technological University,

?Bashkir State University,

3State Unitary Enterprise IPTER RB, Ufa

Thermodestructive Distillation of Gas Oil and Fuel Oil in The Presence of Ultrafine,

Metal-Containing Catalytic Systems in Pilot-Industrial Conditions

The results of studies of the process of thermodestructive distillation of vacuum gas oil with the production of an
ultrafine catalytic system containing nickel are presented. The results of the subsequent processing of fuel oil using
this catalytic system at a pilot plant are also presented. It has been established that in the presence of nickel
2-ethylhexanoate, the thermodestructive distillation of vacuum gas oil to 405°C allows the separation of 61.2% of the
mass of distillate fractions. When using in the process of processing fuel oil by thermal action of 10% of the mass of
the VAT residue formed during the distillation of vacuum gas oil, 64.6% of the mass of the distillate was obtained.
Key words: vacuum gas oil, fuel oil, nanocatalysts, thermal degradation, ultrafine catalytic systems, nickel

2-ethylhexanoate.

M. M. Jlonomamosa’’, A. H. Beicmpoé’, P. H. Xaiipyounoe’, P. C. Mananoé’,
H. A. )Kypaenesa®, P. 3. Baxmusun’, H. I'. Kyzomun'

'V pumckuii rocyapcTBeHHBIN HEYTAHON TEXHUYECKUH YHUBEPCUTET,

2AO «MucTuTyT HeTexummepepaboTk», . Vda,

3OU3NKO-TEXHUYECKUH HHCTUTYT, BalikupCKuii rocy1apcTBEHHBIN YHUBEPCHUTET,

4V puMcKuii rOCYIapCTBEHHBIN aBHALMOHHBIA TEXHUYECKMI YHUBEPCUTET



milana.1992@mail.ru

O BO3MOKHOCTH OLIeHKHU XapPaAKTePUCTUK (GPAKLMOHHOI0 COCTABA TSKeJIbIX HedTell

MO CHEKTPaM ONTHYECKOT0 MOTJIOIMIeHUSs

Toxazana 603mM0CHOCTND OYEHKU GPAKYUOHHO2O COCMABA NO NAPAMEMPAM ORMUYECKUX CHEKMPO8 NO2A0WeHUs Osl
msCceNbIX Heghmetl u 2azoliiell Kamaiumuyeckoz2o Kpexunea. Obpabomro IKCHepUMEHMAaIbHbIX OAHHBIX N0 KPUBHIM
ucmunnovix memnepamyp kunenus (MTK) ¢ ucnonvsosanuem memoda onmumuzayuu Hviomona — Pagcona nonyuenvi
Xapaxmepucmuky HOpMaIbHO20 PACAPeOeseHUsl COCMAda NO MeMnepamypam Kunenus. Ycmanosienvl 3a6UcUMocmu,
ceA3bl8aIowUe CpeOHUe MeMnepamypsbl KUREHUs U OUCNepCUU 3aKOHA HOPMANbHO20 pacnpedeienus coOCmasa.
THonyuennvie 3agucumocmu mozym 6vims UCHOIb308AHbL OJ1 NEPEUYHBIX OYEHOK (PPAKYUOHHO20 COCMABA CbIPLS U
aghgpexmusrnocmu pabomol ppaxyuorupyiowux xoioun HII3.

KuroueBsble ciioBa: ppakIMOHHBIN COCTAB, TEMIIEpATypa KUIIEHUS, XapaKTEPUCTHKH HOPMAITBHOTO pacipe/ieIeHus

COCTaBa, yrii€eBOJOPOAHBIC q)paKLII/II/I, OINITUYCCKUC MMapaMCTPhI CIICKTpPA.

M. M. Dolomatova'?, A. I. Bystrov?, R. I. Khairudinov’, R. S. Manapov', N. A. Zhuravleva’,

R. Z. Bakhtizin’, I. G. Kuzmin'.

'Ufa State Petroleum Technological University,

2 Bashkir Scientific Research Institute of Petroleum Refining,

3 Institute of Physics and Technology of Bashkir State University,

4Ufa State Aviation Technical University

The Possibility of Estimating the Characteristics for the Fractional Composition

of Heavy Oils by Optical Absorption Spectra

The possibility of estimating the fractional composition by the parameters of optical absorption spectra is shown for
heavy oils and gas oils of catalytic cracking. The characteristics of the normal distribution of the composition by
boiling points were obtained by processing experimental data on the ITK curves using the Newton — Raphson
optimization method. The dependences linking the average boiling point u and the dispersion of the normal
distribution law for the composition are established. The obtained dependences can be used for primary estimates of
the fractional composition for raw materials and the efficiency of the fractionating columns on the refinery.

Key words: fractional composition, boiling point, the normal distribution characteristics of the composition,

hydrocarbon fractions, optical parameters of the spectrum.

P. P. fInaes, U. P. @acxymounos, JI. A. Hacvipoea, P. P. @acxymounos, P. I1I. fnaes, O. IO. benoycosa

VY pumckunii rocy 1apcTBEeHHBIN HEPTIHONW TEXHUYECKUH YHUBEPCUTET

seriyjah@gmail.com

IIpou3BoacTBO OMOTONINBA — MEPCIEKTHBHOE HANIPaBJIeHUE COKPAILleHHs YIJIePOIHOIO cJlela MPH nepexoje K
«3eJICHOI» IHepreTuKe

B cmamwe onucanvi mepwi 2ocyoapemeennozo pezynuposanus cmpan Eeponetickozo corsa no gpopmuposanuio
CMUMYNI08 OJIsl CHUMCEHUSL YeNepOOH020 cledd. M3100iceHbl ceederuss 00 aibmepHAmuUSHbIX 6UOAX dSHEPSUL U MONIUG,

O0aw ananu3 QHexmusHOCmu AbMEePHAMUBHOU IHEP2eMUKU U NPobieM, KOMopble B03HUKAIOM 8 Npoyecce



nepexooa na «3eienyion snepeemuxy. Onucana dHepeoIPPeKmusHas MexHoI02Us NPoU300Ccme buomemana
U3 OP2AHOCOOEPIAHCAUUX OMX0008.
KiueBble ci10Ba: anbTepHaTUBHAS DHEPTeTHKA, TAPHUKOBBIE Ta3bl, ONOTOIIMBO, YIIEPOIAHBIH CIIe,

MMpou3BOACTBO BOAOPOJA4A, TBEPABIC KOMMYHAJIBbHBIC OTXOAbI, TCXHOJIOTUU 3aMKHYTOI'O IIUKIJIA.

R. R. Yapaev, I. R. Faskhutdinov, L. A. Nasyrova, R. R. Faskhutdinov, R. Sh. lapaev, O.Y u. Belousova

Ufa State Petroleum Technological University

Biofuel Production Is a Promising Direction for Reducing the Carbon Footprint

during the Transition to "Green'" Energy

The article presents the measures of state regulation of the European Union countries on to create incentives to
reduce the carbon footprint. Information about alternative types of energy and fuels is presented, an analysis of the
effectiveness of alternative energy and problems that arise in the process of transition to "green" energy is given. An
energy-efficient technology for the production of biomethane from organic waste is described.

Key words: alternative energy, greenhouse gases, biofuels, carbon footprint, hydrogen production,

solid municipal waste, closed-cycle technologies.

U. P. Paxmamynnun, /1. M. Cuoenes, A. @. Axmemos, A. P. I'aticuna

Y bumckuit Tocy 1apcTBEHHBIN HEPTIHOM TEXHUYECKUH YHHBEPCUTET

rir_tng@mail.ru

Pa3paboTka meToga NPpOruo3a kauecTBa He(pTAHOIO KOKCA

Breopenue 6 xumuueckyio npomwviuieHHOCIb ANOPUMMO8, 0DECHNEeUUBAIOWUX BbIPAOOMKY NPOOYKYUU HYHCHOO
Kayecmea npaxkmudecku 6e3 yuacmus 00Cayicusaroueco nepCoHand, 8Aemcs HeOmveMIeMOol Yacmvio
cospemenHo20 Heghmenepepabamuieaiouje2o 3a600a. OHU XOPOULO 3APEKOMEHO08ANU Ce0sl HA MEXHON0UYECKUX
VYCMAHOBKAX C HeNnpepbl8HbIM 0gudiceHuem nomokos. OOHaKo ocobennocmu pabomul YCMAaHOBOK 3aMeONEeHHO20
KOKCOBAHUS CO30al0m onpedeieHHble NPooaeMbl N0 CO30aHUI0 pabouux a0ekeamHvlx mooenel. B pabome
NpeonpuHsma NONbLIMKA pa3padomams Memoo NPOSHO3a Ka4ecmed He@hmsaH020 KOKCA HA OCHOBe CIAMUCUYECKUX
OaHHbIX pabomvl YcmaHosKu. B kauecmee 6a3vl HAYUHBIX UCCAEA08AHUL OBIIA BLLOPAHA NPOMBIULEHHASL YCHAHOBKA
3aMe0NeHH020 KOKCo8anus. B xauecmee maccuga 0annwix paspabamuleaemoii Mooeau omoopanvl mexHoI0cuiecKue
nokasamenu yCmaHo8KU U KayecmeeHHble NOKA3ameu Coblpbsl.

KiroueBble cj10Ba: KOKCOBasi KaMepa, yCTaHOBKA 3aMeIJICHHOTO KOKCOBaHUS,

IIPOrHo3 KaueCTBa NPOAYKIIUNU, MATEMATHYICCKOC MOICINPOBAHNE.

I R. Rakhmatullin, D. M. Sidenev, A. F. Akhmetov, A. R. Gaysina.

Ufa State Petroleum Technological University

Development of a Method for Forecasting the Quality of Petroleum Coke

The introduction of algorithms into the chemical industry that ensure the production of products of the desired quality
practically without the participation of maintenance personnel is an integral part of a modern oil refinery. They have
proven themselves well in technological installations with continuous flow movement. But the peculiarities of the

operation of delayed coking plants create certain problems in creating adequate working models. This article attempts



to develop a method for predicting the quality of petroleum coke based on the statistical data of the installation. An
industrial delayed coking plant was chosen as the base of scientific research. Technological parameters of the
installation and quality indicators of raw materials were selected as an array of data of the developed model.

Key words: coke chamber, delayed coking unit, product quality forecast, mathematical modeling.

M. M. Cuoenes, C. A. Cagenves, A. P. Banuesa, A. P. Iaiicuna, P. I'. Xacanoes

VY dumcknii rocy 1apcTBEHHBIH HEPTAHONW TEXHUYECKUH YHUBEPCUTET

dmitrysidenev(@gmail.com

IMoBbimenne 3¢ PpeKTUBHOCTH TeNT000MEHHOM CETH YCTAHOBKH 3aMe/INIEHHOTO0 KOKCOBAaHUSA

Tennosas unmezpayusi MexHoI02ULECKUX NPOYeCcco8 Hedmenepepabomxu Aeisemcs Haubonee dpghexmusHvim
UHCMPYMEHMOM NPU NPOEKMUPOSAHUU U PEKOHCMPYKYUU CYUWECMBYIOWUX NPOMBIULIEHHBIX 00BEKMOE.

Ocobenno 6adicHo payuoHanbHoe UCHONIL308AHUE MENIA HYMPEHHUX NOMOKO8G 018 IHEPLOEMKUX NPOYECCO8
nepepabomKy mANCENbIX HehMAHBIX OCMAMKO8, MAKUX, KAK 3amedleHHoe KoKcoganue. B dannoil pabome nocmpoena
Mo0enb cyujecmayioweli meniooOMenHOU cemu npoyecca NOIYyYeHus KoKcd, 015 KOmopoul Obll npo8eoeH NUHY-AHAU3
u onpeodenen NOmeHyua sHepeocoepedcenust. B xode ananusza maxaice Ovlu 8bIA61EHbl HAPYUWEHUS OCHOBHBIX NUHY-
npasun, OonyweHHvle npu NPOeKMUPOSaHuY Cyuwecmayiouell cxemul, U RPeonoNceH

BAPUAHM NOBLIULEHUSL ee IHEeP2OIPDEKMUSHOCMU, OCHOBAKHBIIL HA Nepeobes3Ke delicmeyueco 000py008aHUs.

0e3 6ogneueHUs OONOIHUMENLHOU NOBEPXHOCIU MENI00OMEHA.

KiroueBble cjioBa: 3aMe/IJICHHOC KOKCOBaHHC, TCHHOO6M€H, NMUHY-aHaJIn3, CETOUHAasA AuarpamMmma, TCIjIOCMKOCTb.

D. M. Sidenev, S. A. Savelyev, A. R. Valieva, A. R. Gaysina, R. G. Khasanov.

Ufa State Petroleum Technological University

Improving the Efficiency of the Heat Exchange Network

of the Delayed Coking Plant

Thermal integration of technological processes of oil refining is the most effective tool in the design and
reconstruction of existing industrial facilities. The rational use of the heat of internal flows is especially important for
energy-intensive processes of processing heavy oil residues, such as delayed coking. In this article, a model of the
existing heat exchange network of the coke production process was constructed, for which a pinch analysis was
carried out and the energy saving potential was determined. The analysis also revealed violations of the basic pinch
rules made during the design of the existing circuit and proposed an option to increase its energy efficiency based on
the re-linking of existing equipment without involving an additional heat exchange surface.

Key words: delayed coking, heat exchange, pinch analysis, grid diagram, heat capacity.

M. P. KOcynos, K. E. Ymypaxoea, A. B. I'anyes, A. @. Axmemos

Y bumckuit Tocy 1apcTBEHHBIN HEPTIHOM TEXHUYECKUH YHHBEPCUTET

marsel.yusupov.2014@mail.ru

Hcnonb3oBanne no60YHbIX 0€H3MHOBBIX ()paKluii, BbIpadaTbiBaeMbIX MPU COBMeENIeHUU TOIIUBHOIO

H He(l)TeXI/IMI/I‘leCKOFO Nnmpou3BoOJACTB



B cmamve paccmompenwi sapuanmul nepepabomku pagunama, 8bipabamuleaemoco Ha yCmaHo8Ke IKCMPaKyuu
benzoncodepocawmux Gpaxyuil, RPOOYKMo8 KAMaiumuiecko2o pugpopmunea. B npomuliuieHHOCmu pacnpocmpanet
Memoo apomamusayuu OeH3UHO8 nymem Kamaiumuieckozo pugopmunea. B cryuae yenreeoeo nanpasnenus
UCNONIb306AHUS NOJIYYEHHBIX APOMAMUYECKUX Y2N1e8000PO008 KAK HeQMEXUMUUECKO20 Cbipbs, OJis 6blOesleHUs. OeH301a
benzoncooepacawas wacmes pughopmama nPoxXooum mexHorI02ULecKylo Cmaouto SKCMpaxKyuu, 8 Xxooe Komopoti
obpazyemcsi no604HbIll NPOOYKM, pagunam Kamaiumuieckozo pugopmunza.B pabome npedcmasnenuvl pe3ynibmamol
MOOeNUpOBaHUs U pacuemos CO8MeueHHOU pabomul Kamaiumuiecko2o pugopmunaa ¢ HenpepblHoll peceHepayuel
Kamaauzamopa u yCmaHo8Ku U30Mepusayuu, a makice npeodyiodxcena ONMumManbhas cxema nepepabomku pagunama,
NO380NAI0WAS YEEIUHUMb BbIXOO0 MOBAPHBIX NPOOYKMOS.

KiaroueBsble ciioBa: padpuHat, THAPOTEHU3AT, SHEPTro3(h(PEeKTHBHOCTD,

MMPOU3BOACTBO apOMATHUYCCKUX YTJICBOAOPOA0B, U30MEPU3ALIUA, KaTaJIUTHYSCKUI pI/I(I)OpMI/IHI‘.

M. R. Yusupov, K. E. Umurakova, A. V. Gantsev, A. F. Ahmetov.

Ufa State Petroleum Technological University

Use of Side Gasoline Fractions Produced in the Combination

of Fuel and Petrochemical Production

The article considers options for processing raffinate produced at the reformate extraction unit of the complex for the
production of aromatic hydrocarbons. In industry, the method of aromatization of gasolines by catalytic reforming is
widespread. In the case of the targeted use of the obtained aromatic hydrocarbons as a petrochemical feedstock, to
isolate arenes, the reformate passes the technological extraction stage, during which a by-product, the catalytic
reforming raffinate, is formed. The article presents the results of modeling section unit of production of aromatic
hydrocarbons and the stabilization unit of the isomerization unit, as well as the optimal raffinate processing scheme,
which allows increasing the yield of commercial isomerizate, respectively.

Key words: raffinate, hydrogenate, energy efficiency, production of aromatic hydrocarbons,

rectification process, catalytic reforming unit.

A. K. Knaszeea, M. H. Paxumos, H. I'. E¢ooxkumosa, P. @. Axmemoe

VY dumMmckunii rocy 1apCcTBEHHBIH HEPTAHONH TEXHUYECKUH YHUBEPCUTET

obidova_amina@mail.ru

IMonGop abcopOeHTa ¥ TEXHOJOTMUYECKUX MAPAMETPOB MPOLECCA OYUCTKHU MPUPOJIHOIO ra3a ¢ paBHbIM
COOTHOILLIEHHEM KHCJIbIX KOMIIOHEHTOB

IIpupoouwiii 2asz OOTLUUHCINGA MECHOPOINCOCHUL COOEPICUM 8 CBOEM COCMABE HENHCENAMENbHbIE KUCTble NPUMECH
(cepoB8o0opo0 u yenekucavlll 2as). Yoanrenue 0auHvlx npumeceli mpaouyuoHHO 0CYUleCmaensemcs nocpedcmeom
abCcopOYUOHHOT OUUCKU C NPUMEHEHUEM PA3IUYHBIX NO2IOMUMmerell, Yaue 6ce20 arkanoaramunos. OCHOGHbIM
gaxmopom, srusrowum Ha 8b100p abcopbeHma, A6AAeMcsi KOMIOHEHMHbIIL COCAB8 NPUPOOHO20 2a3d (codepiicanue
KUCTILIX KOMIOHEHMO8 U UX cOomHoulenue). B pabome npedcmasiensl pe3yibmamsl MOOeIupo8aHus O10Kad OUUCHKU
NPUPOOHO20 2A3a C Yeablo No0bopa abcopbeHma u ONMUMALLHLIX MEXHOL0SUYEeCKUX NapamMempos npoyeccd.
Hccenedosan npoyecc ouucmru npupooHo20 2a3d ¢ pasHblM COOMHOUEHUEM KUCTLIX KOMNOHEHNO8 PA3IUYHBIMU

a6cop6eHmaMu (MOH03m(lHOJZaMMH, duamaHOﬂaMuH, MeMuUnOUIMAHONAMUH U OUIMAHONAMUH +



memunousmaroramur). Ha ocnosanuu nonyuennvix pe3yiomamos npedcmasieHvl MexHoI02U4ecKue napamempol
npoyecca ¢ npumerenuem sgpexmusnozo abcopbenma. Hcciedoeano erusmue OCHOBHbIX MEXHOI02UYECKUX
napamempos Ha nompebieHue IHEPeOPecypPCcos 8 npoyecce peceHepayuy no00OparHHo2o abcopbenma.
KuioueBble cjioBa: IpUPOIHEIN ra3, abCopOIHs, aMIHOBAsI OYMCTKA, 1eCOPOIIHS, KUCIBIC KOMIIOHEHTHI,
CEepoOBOAOPOI,

AUOKCHUJ YTIICPOJad, MOHOSTAHOJIAMUH, AU3TAHOJIAMWH, MCTUJIIAUITAHOJIAMUH, KOM6HHHpOBaHHLIﬁ a6COp6€HT.

A. K. Knyazeva, M. N. Rakhimov, N. G. Evdokimova, R. F. Akhmetov.

Ufa State Petroleum Technological University

Selection of the Absorbent and Technological Parameters of the Natural Gas Purification Process

with Equal Ratio of Acid Components

Natural gas from most fields contains undesirable acid impurities (hydrogen sulfide and carbon dioxide). The removal
of these impurities is traditionally carried out by absorption purification using various absorbents, most often
alkanolamines. The main factor influencing the choice of absorbent is the component composition of natural gas (the
content of acidic components and their ratio). The paper presents the results of modeling a natural gas purification
unit in order to select an absorbent and optimal technological parameters of the process. Studies of the purification
process of natural gas with an equal ratio of acidic components with monoethanolamine, diethanolamine,
methyldiethanolamine and diethanolamine + methyldiethanolamine absorbents were carried out. Based on the results
obtained, the technological parameters of the process using an effective absorbent are presented. The results of the
analysis of the influence of the main technological parameters on the consumption of energy resources

in the process of regeneration of the selected absorbent are also given.

Key words: natural gas, absorption, amine purification, desorption, acid components, hydrogen sulfide, carbon

dioxide, monoethanolamine, diethanolamine, methyldiethanolamine, combined absorbent.
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OnruvMu3zanus padoTsl TENJI000MEHHOT0 000PY/I0BAHUS HA y3/1€ CBEPXKPUTHYECKOI pereHepanuu
pacTBOpHUTE/IsS YCTAHOBKH JieacGaibTH3alNHU I'YIPOHOB

B cmamve npusedeno onucanue u npakmuueckoe npumeHenue 00H020 U3 cnoco608 ONMUMU3AyULL
9Hep2onompedaIeHUs HA NPOMBIULICHHBIX YCIMAHO8KAX — NUHY-aHAIU3A. [Jannblil Memoo nos3eonsem 3@ghexmusHo
pacnpeoensimo U UCNOAb3068AMb IHEPLeMUiecKue NOMOKU Ha MeXHOI0SUeCcKuxX ycmanoskax. Paccmompen nuny-
aHAaU3 peKynepamueHvix meni00OMeHHUKO8 Ha YCmanogke oeacgharomuzayuu 2yoporos. Conveenmuas
Odeacghanomusayus A61emMcsi OOHUM U3 CAMbIX IHEPLO3AMPAMHBIX NPOYECcos Hedhmenepepabomxu u, 8 OCHOBHOM,
9HEP20EMKOCMb npoyecca onpeodeisem KOHeUHY0 ceDecmoumocms 0eacarbmusamad, KOmopblil A6semcs oo
CHIPbEM YCMAHOBOK KAMANUMUYECKO20 KPEeKUH2A U 2UOPOKPeKUH2d, TUOO0 KOMNOHEHMOM MACIAHO20 NPOU3B00CEA.
Tlosmomy 00HUM U3 UCMOYHUKO8 NOBBLUEHUS FHEP2OIDDEKMUSHOCHU OAHHBIX YCIMAHOBOK AGIAeMCs ONMUMUZAYUS

pabomvl meniooOMenH020 000pYO08aAHUS NPU NOMOWU NUHY-AHATU3A.



KiroueBble ciioBa: IINHY-aHaJIn3, ,E[CaC(baﬂbTI/IBaLII/Iﬂ, BHGPFOB(I)q)GKTI/IBHOCTL, TGHHOO6M€HHI/IK, KanuTaJlbHBbIC

3aTpaThl.

F. M. Sultanov, A. 1. Yamalov.

Ufa State Petroleum Technological University

Optimization of Operation of Heat Exchange Equipment at the Unit of Super Critical Regeneration

of Solvent of the Unit of Deasphaltization of Hudrons

This article provides a description and practical application of one of the ways to optimize energy consumption in
industrial plants — pinch analysis. This method makes it possible to efficiently distribute and use energy flows in
technological installations. In particular, the article discusses a pinch analysis of recuperative heat exchangers at a
tar deasphalting unit. Solvent deasphalting is one of the most energy-consuming oil refining processes and mainly the
energy intensity of the process determines the final cost of deasphalting, which is either a feedstock for catalytic
cracking and hydrocracking units, or a component of oil production. Therefore, one of the sources for increasing the
energy efficiency of these installations is the optimization of the operation of heat exchange equipment using pinch
analysis.

Key words: pinch analysis, deasphalting, energy efficiency, temperature, heat exchanger, capital costs.

b. C. ’Kupnoe, M. P. ®amkynnun, H. H. /Iynesa

HNucTuTyT HedTemepepaboTkn 1 HeHTEXUMUH
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MartemMaTH4ecKoe MOIeJIHPOBAHIE PEAKTOPA MPOIecca TEPMOJIN3a

TSKEJIBIX HE()TAHBIX 0CTATKOB

Ha ocnosanuu npogedenvix 1a60pamopHvix Ucciedo8anuil U Mamemamuyeckol 0opabomxu 9KCHepUMEeHMATbHBIX
OaHHBIX 6 pabome nPedcmasieHO MAMeMamu4ecKoe OnUCanue NPOMbIULIEHHO20 Peakmopa npoyecca mepmoau3a
MANCENBIX He@MAHBIX ocmamKos. Ha npumepe npoyecca mepmonusa 2yOpoHa KOHKpemHoU Heghmu noxkasamn 6b100p
ONMUMATLHO20 8APUAHMA ANNAPATYPHO20 0QOPMIEHUS. NPOYEeCCa MePMONU3A MANHCENbIX HEPMAHBIX OCMAMKO8 Npu
npoexmupoganuu. Mamemamuyeckas MoOesb MOXCHO UCNONB308AMb NPU 8E0EHUU NPOYECCa HA NPOMBIUIEHHOM
peaxmope 0Jis NOJYHeHUs. 3A0AHH020 Kauecmed Hepmsanou cnexkaroweld 000asku. IKOHOMUUeCKUL pacuem noKa3an
B03MONCHOCTND YBENUUCHUS MAPHCUHATILHOU NPUOBLIU NPEONPUANUSL.

KiroueBble cjioBa: MaTeMaTHYeCKOe MOCITUPOBAHNE, TEPMOIIN3, He(pTsIHAS crieKaromas qo0aBKa,
ABTOKATaJIUTHUYECKAs PEakIysl, KOKCOTCHHBIC BEIIECTBA, PEAaKTOp HJCaTbHOTO CMEIICHUS,

PCaAKTOP UACAIBLHOI'0 BEITCCHCHUA, PCAKTOP NMEPHUOJIUIECKOTO )Z[GﬁCTBI/ISI.

B. S. Zhirnov, M. R. Fatkullin, N. N. Luneva.
Ufa State Petroleum Technological University (Branch in Salavat)
Mathematical Simulation of the Reactor of the Process

of Thermolysis of Heavy Oil Residues



Based on mathematical processing of experimental data, this paper provides a mathematical description of the
industrial reactor of the process of thermalize of heavy oil residues. This paper provides a mathematical description
(model) of the industrial reactor of the process of thermalize of heavy oil residues. The proposed mathematical
description allows you to calculate different types of reactors. The example of the thrombolysis process of a particular
0il buzzer shows the choice of the optimal version of the hardware design of the process of thrombolysis of heavy oil
residues during the design. The mathematical model can be used in the process at an industrial reactor to obtain a
specified quality of oil-baking additives. The economic calculation showed the possibility of increasing the company's
margin profit.

Key words: mathematical modeling, thermalizes, oil-baking additive, autocatalytic reaction, coking substances,

ideal mixing reactor, ideal displacement reactor, periodic reactor.
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KarannTnyecknii KpeKMHI Ma3yTa Ha HeOJUTCoAep:KaleM eppaTHOM KaTaAJIM3aTOpe

Paspaboman kamanuzamop na ocroge yeoauma, MOOUDUYUPOBAHHBIIL AKMUBHOU KAMAIUMUYECKOU 000AB8KO
Xnopgheppama, A6as0WEIC CIADOKUCTBIM PeyIAMopoM akmugnocmu npoyecca. Kamanuzamop nposensiem
8bICOKYIO AKMUBHOCMb 8 NPoYecce Kamaniumuiecko2o KpeKunaa npamo2oHH020 MA3yma ¢ 00pa3o8anuem 1ecKux
2a3000pa3HbIX Y2ie8000P0O008 U UWUPOKO20 CHEKMPA HCUOKUX USOMEPHBIX U APOMAMUYECKUX Yel1e8000P0008.
Ocywecmenenue npoyecca conpogoicoaemcs HU3KUM Kokcoobpazoeanuem. Ipumenenue u3yueHHo2o
Kamanuzamopa 6 OMHOCUMENbHO MASKUX MEMRePAmypPHbIX YCA0GUAX NO3G0IAEN NOBLICUMb NPOYEHM
U36J1e4eHlsl CGeMIbIX HemenpooyKmos.

KioueBble c/10Ba: KaTaIUTUIECKUI KPEKUHT, LIEOJIHUTHI, Ma3yT, TSDKENbIC HEQTSIHbIC IPOIYKTHI, CBETIIbIE (ppaKiuy,

KOMILJICKCBI Ha OCHOBE XJIOPUAOB METAJLJIIOB, XJIOp(I)Gpp&THLIﬁ KOMILICKC, KOKCOO6pa3OBaHI/IC.

A. D. Badikova', M .A. Tsadkin’, S. R. Sakhibgareev, E. F. Gumerova, A. V. Rullo.

'Ufa State Petroleum Technological University,

?Bashkir State University

Catalytic Cracking of Fuel Oil on a Zeolite-Containing Ferrate Catalyst

A zeolite-based catalyst modified with an active catalytic additive of chloroferrate, which is a weakly acidic regulator
of the process activity, has been developed. The catalyst exhibits high activity in the process of catalytic cracking of
fuel oil with the formation of light gaseous hydrocarbons and a wide range of liquid isomeric and aromatic
hydrocarbons. The implementation of the process is accompanied by low coke formation. The use of the studied
catalyst under relatively mild temperature conditions certainly allows us to speak about the possibilities for
increasing the percentage of light oil products extraction.

Key words: catalytic cracking, zeolites, fuel oil, heavy oil products, light fractions,

complexes based on metal chlorides, chloroferrate complex, coke formation.
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Kpucranim3aunus ncnoJib3yemMoro B aicOpoeHTax JJIsl OCYIIKH U OYHCTKHU OT CePOBOA0POAA NPUPOIHOTO U
MOMYTHOI0 ra3a ueoJuTa X U3 Ka0JIMHOB Pa3JIMYHbIX MeCTOPOKIeHU

Ilpogedeno demanvroe ucciedo8anue XapaKmepucmuK blnycKkaembix 8 Hacmosujee pems 6 Poccuu

6 NPOMBIUUIEHHBIX MACUMAOax KaoauHos. M3yuena 603MOHNCHOCMb KPUCMAIUZAYUY U3 HUX Yyeoauma X,
UCNONIL3YEMO20 8 A0COPOEHMAXx 0Jis OCYUIKU U OUUCHIKU O CePOB8000POOd NPUPOOHO20 U NONYIMHOZ0 2ad3d.
Yemanosneno, umo monvko u3z kaonunos mapok 11-2 u K)KB 6o3moocna kpucmaniusayus yeoauma X 6biCOKOU
cmenenu KpucmaniuyHocmu u ¢pazosotl uucmomul. Ilpednosicena memoouxa, no3eona0was onpeoeiunms
PEAKYUOHHYIO CNOCOOHOCMb KAOAUHA U 803MONCHOCIb CUHME3A U3 He20 yeoauma X, OCHOBAHHAA HA YACTHUYHOM
PACMBOPEHUU MeMAKAOIUHA 8 WeTIOUHOM pacmeope.

KiroueBble cjioBa: azlcop6um, OCOJIUT X, KaOJIMH, MCTAKAOJINH, KPUCTAJIJIN3allU.

0. S. Travkina'?, B. I. Kutepov'~.

nstitute of Petrochemistry and Catalysis UFIC RAS,

?Ufa State Petroleum Technological University

Crystallization of Zeolite X Used in Adsorbents for Drying and Purification

from H:S from Natural and Associated Gas from Kaolins of Various Deposits

A detailed study of the characteristics of kaolins currently produced in Russia on an industrial scale has been carried
out. The possibility of crystallization of zeolite X from them, which is used in adsorbents for drying and purification of
natural and associated gas from HaS, was studied. It has been established that only from kaolins of grades P-2 and
KZhV crystallization of zeolite X with a high degree of crystallinity and phase purity is possible. A method has been
proposed to determine the reactivity of kaolin and the possibility of synthesizing zeolite X from it, based on the partial
dissolution of metakaolin in an alkaline solution.

Key words: adsorption, zeolite X, kaolin, metakaolin, crystallization.

T. H. Mannanos, C. K. Uypaxosa
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HcciienoBanne HACAT0YHBIX KAILUIEOTOOHHBIX ycTpoiicTB MeToaoM CFD-ananu3za

B cmamwe npeocmasnenst pesyromamor CFD-ananuza Hacadournozo kanieomootinuka. Ilonyuen ouanazon pabomoi
NPOMUBOMOUHBIX (20PU3OHMALLHBIX) U NEPEKPECTNHOMOYHBIX (6EPIMUKATbHBIX) 0OHOCTYNEHYAMbIX HACAOOUHbIX
Kanreombolinukos. Ilokazano, umo ouanazox pabomovl nepeKPecmHOMOUH020 OOHOCTYNEHYAMO20 KanileomOOouHUKa
6 08a paza bonvule, Yem NPOMUBOMOUHO20 KaANnieOMOOUHUKA, YMO MOACEM 00BbACHAMbCA AGNEHUAMU BMOPULHOZO

kanneynoca. Onpeoeienvl pacuemmvlie 2UOPABIULECKUE CONPOMUBTIEHUS HACAOOYHBIX KANIeOMOOUHUKOB.



KiroueBble cj10Ba: KamieoTOOWHUK, KaIUIEyHOC, HACAOYHBIN KarIeOTOOMHUK,

cemaparop, yCTpOHCTBO BBOAA ChIpbsi, CFD-ananmm3.

T. I. Mannanov, S. K. Churakova.

Ufa State Petroleum Technological University

Research of Packed Demisters by CFD-Analysis

The article presents the results of the CFD-analysis of the packed demister. The range of operation of counter-current
(horizontal) and cross-current (vertical) single-stage packed demisters is obtained. It is shown that the range of
operation of a cross-flow single-stage packed demister is 1.91 times greater than that of a horizontal packed demister,
which can be explained by the phenomena of secondary drop entrainment. In addition, calculated hydraulic
resistances of the packed demisters are determined.

Key words: CFD-analysis, demister, drop entrainment, packed demister, raw material input device, separator.
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Oobe3macuBaHue raue METOAOM CTATHYECKOI KPUCTAIN3ALUH

B cmamue nokazana 603mMoxicHOCHb RPOU3BOOCMBA NOLYOUUUEHHBIX U 271YOOK000E3MACTIEHHbIX MAPOK NApApUHO8
U3 eauell ¢ UCNOIB308AHUEM NPoYecca 00e3MaACTUBAHUSL MEMOOOM CINAMUYECKOU KPUCTALTUIAYUU.

Onpedenenvl OnmMuMaibHble napamempvl 00OHOCMAlOUH020 Npoyecca 00e3mMACIUBANUS 05 NOTYUEHUs.
NOLYOUUWEHHBIX MAPOK NAPADUHOS ¢ codepaicanuem macia mernee 3% mac. Ilokazan nomenyuan 08yxXcmaouiiHo2o
npoyecca 0be3macausanus 0Jist NPOU3800CMea 2yO0K000e3MACIeHHBIX NAPAPUHOE C COOEPICAHUEM MACILA

menee 1% mac. Pacuemamu noomeepiicoena IKOHOMU4eCKasi 3hhekmueHocmob 6HeOPEHUSI MEXHOI0UU
obe3macrusanus 2avell MemooomM Cmamuieckol KpUCmaiiusayuu.

KioueBblie ciioBa: HehTsHBIC TBepble MapaduHbl, 00e3MacIuBaHHE Tavyei

TEPMUUCCKUMU MCTOJaMH, CTATUYCCKAAd KPUCTAJIJIN3alUsl.

LA. Pronchenkov'?, S.A. Antonov'?, A.I. Matveeva®?, R.V. Bartko', P.A. Nikulshin'?,

A.Yu. Kilyakova?, B.P. Tonkonogov?, O.B. Dogadin’

'All-Russian Research Institute of Oil Refining

’Gubkin Russian State University of Oil and Gas (National Research University)

Deoiling of Slack Waxes by Static Crystallization

The article shows the possibility of producing semi-refined and deeply oil-free paraffin grades from slack waxes
produced at native refineries using de-oiling process by static crystallization. The optimal parameters of a one-stage
deoiling process for obtaining semi-refined paraffins with oil content less than 3 wt % were determined. The potential

of a two-stage de-oiling process for the production of paraffins with an oil content of less than 1 wt % is shown.



Calculations confirmed the economic efficiency of the introduction technology of deoiling slack waxes by static
crystallization.

Key words: paraffin waxes, deoiling of slack waxes by thermal methods, static crystallization.
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CrexnoBaHue HepTAHBIX ppakuuii

Memooom oughgpeperyuanvHoll CKanupyrowel Kaiopumempuu Ucciedosan nepexo0 6 CMexki000pasHoe COCMOosIHUe
wiupoxoil msicenot gppaxyuu Kymxoavckotl Heghmu u ee wiecmu y3Kux masxiceavlx Qpaxyuil 8 uHmepsaie
memnepamyp 150-370 K. [Ipoyecc cmeknoganus 6 uccied08anHbIX Y3KUX Gpakyusx npomexaem npu pasiuiHblx
memnepamypax. bviiu nposepenvl 06a naubonee pacnpocmpaneHHblX YPagHe s, C8A3bLBAIOUWUX MeMNepamypy
CMEKN08aAHUSL cMeCU (UUpOoKaAs maxcenas ppaxyus) u memnepamypsbl CMeKi08aAHUsSL ee KOMNOHEHMO8 (Y3Kue
msicenvle paxkyut), TUHeHAs A0OUMUBHAsL U 0OPAMHO-A0OUMUBHASL 3A6UCUMOCTIU.

KiueBble ciioBa: TsDKENble HeQTAHbIC GpaKLIUK, TEMIIEpaTypa CTEKJIOBaHUs,

yAenpHas TeIJI0eMKOCTb, A QepeHIraabHas CKaHUPYIOIas KaTOPUMETPHSL.

V. G. Kutcherov'?", A. I. Chernoutsan’
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*Gubkin University
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Glass Transition in Oil Fractions

The transition to the glassy state in wide heavy fraction of Kumkolsk crude oil and its six narrow heavy fractions
has been investigated in the temperature range of 150-350 K by differential scanning calorimetry. The glass
transition process in the narrow fractions investigated occurs at different temperatures. Two of the most widely used
equations connecting the glass transition temperature of a mixture (wide heavy fraction) and the glass transition
temperatures of its components (narrow heavy fractions) were tested, the linear additive and the inversely additive
relationships.

Key words: oil heavy fractions, glass transition, specific heat capacity, differential scanning calorimetry.
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CuHTe3 rujgporesieil Ha 0CHOBE NMOJMTHAPOKCHITHIAKPHIIATA,

apMHPOBAHHOT0 HAHOIEJLIIIJI030H

B pabome ocywecmenen cunmes noaueuopokCuUsImMUIAKpUuIama nymem nOIUMepu3ayuu MoHomepa 2-

eudpoxcuamwzakpwzama HenocpedcmeeHHo HA 60JIOKHAX HAHOYEI0I03bl. HOﬂylleHHbllj mamepuan u3y4ern



memoodamu UK-cnekmpockonuu, mepmocpagumempuu, Ouppepenyuanvroll ckanupyowell Kaiopumempuu,
CKaHupyowei 21eKmpoHHOU MuKpockonuu. Pasnomeproe pacnpedenenue nonumepa Ha Guopuinax yeinonossl
06ycnosnuU6aem e2o 8blCOKOE 6120N0210WeHUe NPU OZPAHUYEHHOM HAOYXAHUU, YCIMOUYUBOCIb K MEXAHUYECKUM
6030€liCMBUAM, A MAKIHCE BO0ZMONACHOCHb MHOLOKPAMHO20 YUKIIUYECKO20 UCNONb30BAHUS 8 PEICUME 6]1a20N02TI0UeHUS
U 81a208blOEIeHU.

KioueBble ciioBa: TUAPOreiib, MOJIUTUAPOKCUITHIIAKPUIIAT, HAHOLICJIJIFOJI03a.

B. M. Anikushin, V. V. Ignatev, A. A. Kraynov, D. S. Kopitsyn, V. A. Vinokurov

Gubkin University

Synthesis of Polyhydroxyethylacrylate Hydrogels in Nanocellulose Matrix

In this work, polyhydroxyethyl acrylate was synthesized by polymerization directly on nanocellulose fibers. The
resulting material was characterized by IR spectroscopy, thermogravimetry, differential scanning calorimetry, and
scanning electron microscopy. The uniform spreading of the polymer on the cellulose fibrils determines its ability to
high moisture absorption, resistance to mechanical stress in the wet form, as well as the possibility of cyclic use with
water absorption and release.

Key words: hydrogel, polyhydroxyethyl acrylate, nanocellulose.
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HexoTtopsle ocobeHHOCTH (P OPMHUPOBAHUS OTJIOKeHUI B HeTerazopom

TEXHOJIOTM4€eCKOM 000py10BaHUHU

B pabome paccmampusaromes gpuzuxo-xumuueckue 0CHOBbL 00PA308AHUSL OMIONCEHUL 8 TNEXHOIOSULECKOM
o0bopyodosanuu negpmezazonepepadbamoléarouux npeonpusmuil. Ilokazana 603MoNCHOCHIb UCHONLIOBAHUS MACHUMHBIX
mexHoI02Ull 8 Heghme2az0B80l OMPACIU HA FIMANAX 000bIYU, MPAHCNOPIMUPOBKU, XPAHEHUs U nepepadomKu
V21e8000POOHO20 ChIPLSL, KOMOPble 3AKIIOUAIOMCI 8 USMEHEHUU OUCNEPCHOCU HeDMAHBIX CUCTEM 8 KOMOUHayuu
€ paznudHbiMu 8HewnuMu o3oeticmsusimu. Ocoboe 3nayenue yoensemcs OaibHeluuemy pa3sumuio npeocmagienuil
0 MexaHusme 0Opa308aHUsI OMLONCEHUL NPU BbICOKUX, YMEPEHHbIX U HUSKUX THEMNEpamypax 60 8peMeHU,

8 YACTNHOCMU 8 NPOoYecce MAZHUMHOU 00pabOMKYU CIONHCHBIX NOAUOUCTIEPCHBIX Y2le8000POOHBIX CUCTIEM.
KiroueBble ciioBa: HeTSHBIE TUCTIEPCHBIC CUCTEMBI, HU3KOTEMIIEpaTYPHBIE OTIIOKEHHUS, BBICOKOTEMIIEPAaTypHBIC

OTJIOKEHHMSI, MEXaHN3M 00pa30BaHUs OTIIOKEHHM, MarHUTHast 00pabOTKa YTI€BOAOPOIHBIX CUCTEM.

T. V. Salnikova', B. P. Tumanyan’, G. V. Vlasova', N. A. Pivovaroval, O. N. Kozyrev', V. M. Kolosov’
! Astrakhan State Technical University,

2Gubkin University,
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Some Features of Formation Deposits in Oil and Gas Processing Equipment



The work is devoted to the physical and chemical foundations of the formation of deposits in the technological
equipment of oil and gas processing enterprises. Under consideration is use of magnetic technologies in the oil and
gas industry at the stages of production, transportation, storage and processing hydrocarbon raw materials. These
technologies consist in changing the dispersion of oil systems in combination with various external influences.
Particular attention is paid to the further development of ideas about

the mechanism of deposit formation at high, moderate and low temperatures over time. This applies, in particular, in
the process of magnetic processing of complex polydisperse hydrocarbon systems.
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New NiMo/Al:O3 Catalysts for Hydrodearomatization of Secondary Middle Distillates

For secondary middle distillates hydrodearomatization, NiMo/Al:0s c catalysts with different surface loading of
molybdenum were synthesized and studied. The feed used was a mixture of secondary middle-distillate gasoils,
consisting of 85% vol. light catalytic cracking gasoil and 15% vol. delayed coking light gasoil. The catalytic
properties of the prepared samples were defined in the temperature range of 340-380°C, at a total pressure of

10 MPa. An increase in the Mo load from 2.0 to 5.7 at/nm leads to a 1.5-fold decrease in the dispersion of the active
phase particles, and so the catalytic properties change significantly. The hydrogenation and hydrodesulfurization
rates over the synthesized catalysts decrease in the series 6-NiMo/Al:03 > 4-NiMo/Al2O3 > 2-NiMo/Al:0s, symbate to
the mass fraction of active metals. At the same time, the catalyst with a Mo loading of 4.4 at/nm demonstrated the
maximum specific depth of hydrogenation.
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Drilling safety assessed by anisotropic strength criterion of rocks in deep fractured formation: trajectory
optimization of inclined wells

Anisotropic strata are frequently encountered in deep drilling engineering, especially for the rock with fracture
structures. The problem of instability in highly deviated well in this kind of rock stratum is prominent as the strength
of fractured rocks is weakened and the directions of fractures, in-situ stress and borehole axis can be complex. A

model is built in this paper to assess the safety of drilling considering the influences of well trajectory, in-situ stress



and fractures. The results show that: the fractures with different dip angles have important influence on the failure
area and the collapse pressure. It is quite necessary to select the safe drilling trajectory in fractured formations as this
is the economical and convenient approach. For some directional drilling, the determination of safe mud weight
should be cautious. The in-situ stress difference, pore pressure and fracture strength parameters have significant
effects on well collapse pressure. The above model calculation under specific working conditions can easily evaluate
the safety and stability of wells drilling in all directions in fractured formation, so as to provide reference for well
trajectory design of highly deviated wells.
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Application of Electrochemical Model of a Lithium - Ion Battery

Lithium-ion batteries are considered as a promising energy source due to the high energy density and long cycle life.
In this paper, the authors propose a model of a lithium-ion battery capacity fade and the electrochemical reactions in
the battery. To improve the properties of the electrolyte and the lithium/electrolyte interface, the additive tris-(2,2,2-
trifluoroethyl)-borate (TTFEB) is added into the carbonate-based electrolyte. The authors also study the factors
influencing the battery capacity, including the resistance of solid electrolyte interface (SEI), the active material
particle radius, the discharging rate, and the ambient temperature. The simulation results show that the lithium-ion
battery life is determined by the capacity decay rate, the electrochemical mechanism, and the physicochemical
parameters.
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Study on Field Test and Plugging Simulation of the Knot Temporary Plugging Agent

The existing temporary plugging evaluation methods cannot simulate the pumping process and plugging process. To
quantitatively evaluate the plugging effect of the knot temporary plugging agent, based on the high-pressure delivery
system of the temporary plugging agent and the plunger pump system, it carried on the ground simulation test. The
results showed that the knot temporary plugging agent had an excellent plugging performance. The numerical
simulation method calculated the flow field, and the velocity field and pressure field with the different number of
perforations and different displacements were analyzed. When the number of perforations was few, the total flow rate,
the flow rate through the perforation, and the negative pressure were significant. But the suction force on the

temporary plugging agent was too large, which may lead to the failure of the temporary plugging agent. For 12



perforations, when the flow was small, the negative pressure at the perforation was too small to suck the temporary
plugging agent into the perforation. For 12 perforations, when the flow was 2 m’/ min, the maximum speed of the
perforation was 47.5 m/ s, and negative pressure of 1.25 MPa was formed inside the perforation relative to the
wellbore. The negative pressure could effectively suck in the temporary plugging agent. The research results can
provide a theoretical basis for the optimization of the fracturing temporary plugging process.
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Performance Research and Field Application of the Knot Temporary Plugging Agent

Temporary plugging technology is widely used in the volume fracturing of horizontal wells. However, conventional
temporary plugging balls and particles can’t effectively plug perforations during fracturing. This research designed a
completely degradable, tassel-shaped rope knot temporary plugging agent, and it has an excellent degradation and
plugging performance. The knot temporary plugging agent’s solubility, crushing rate, temperature and shear
resistance were evaluated. The knot temporary plugging agent can completely degrade into CO; and water in a clean
water environment. According to the physical model of the transparent tube, the knot temporary plugging agent can
quickly enter the perforation with the help of the tassel-shaped wings to form an effective plugging. Compared with
the conventional temporary plugging ball, the ability to enter the perforation and the plugging performance were
superior. The field application of the knot temporary plugging agent in MaHW#5 well showed that the temporary
plugging effect was good.
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Research and Application of Plunger Airlift Draining Gas Recovery Intelligent Control Technology in Shale
Gas Horizontal Wells

For shale gas wells, plunger lift is challenged by the difficulties like difficult tool tripping in and high operation risks
due to the liquid phase slippage in deviated sections, which also affect the plunger lifting efficiency. To address the
liquid phase slippage and liquid loading in wellbores, a new plunger limiter and preset working barrel for the plunger
are used and proved to have improved the operating depth of the plunger and the efficiency of plunger lift. By
optimizing the length and type of the tool string, the plunger limiter can be set at an inclination angle close to 70° and

fit better for shale gas wells with less water production, prolonging the effective period of the plunger technology and



expanding the application range of the plunger technology. A plunger process intelligent management system based
on PI real-time database is developed, An intelligent diagnosis and optimization model is established, At present, the
system is applied to more than 300 gas wells, reducing the economic cost by 70% and improving the process effect by
15%, which has the value of field popularization and application.

Key words: Shale gas well; horizontal well; plunger lift; constant pressure shut-off limiter; plunger tracking; working

barrel of plunger ,Intelligent management system.

Juan Zhao', Yinan Liu' % Jian Zhang?, Yigiang L’ and Xinyang Sun’

! China united coalbed Methane Corporation Ltd., Beijing, China;

2 CNOOC Research Institute Co., Ltd., Beijing, China;

3 Institute of Petroleum Engineering, China University of Petroleum, Beijing China.

zhaojuanupc@163.com.

Quantitatize Study on Matching Relationship

between a Preformed Particle Gel Particle and a Pore Throat

In the process of oil flooding with the preformed particle gel (PPG) systems, the following problems may occur: in the
process of injection, the particles may easily settle and block the end face, resulting in the pressure increase, and the
matching relationship between the size of a PPG particle and a pore throat in the formation has not been
comprehensively quantified. To have a better description of the matching relationship between the median particle
size of the dispersed phase and the pore throat diameter of the formation, we have qualified the relationship through
the combination of physical simulation and thin-tube experiments. Moreover, based on the principle of compact
packing, we have proposed a calculation method of equivalent pore throat diameter, which is more suitable for a
sand-filled pipe model. To improve the performance of the system, a polymer and a surfactant additives have been
added into the PPG solution. The result indicates that when the pore throat diameter is 1-5 times higher than the
median particle size of the dispersed phase, the dispersed phase can enter the pore throat, the plugging rate is over
50%, and the plugging effect is satisfactory. When the pore throat diameter exceeds the median particle size of the
dispersed phase by over 12 times, the plugging rate is less than 30%, and the effective residual resistance coefficient
cannot be established. To improve the suspension performance of the PPG particles, the polymer agent is added to the
solution. In the presence of polymers, the suspension performance of the PPG particles is greatly enhanced. Under the
same injection volume, the PPG + polymer + surfactant system shows the highest oil displacement performance.
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