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P. P. Xacanos, M. A. Bapdomnomees, JI. A. EmenpsHoB, A. . Paxum3sHOB

Kazanckwii penepanbHBIN YHHBEPCUTET

E-mail: rinat.khassanov@kpfu.ru, mikhail.varfolomeev@kpfu.ru

HccnenoBanne TepMHYECKOT0 BO3AeHCTBHS HA 00pa3Ibl HCKOMAEMbIX yIJIeii JJIsl OIeHKH MePCIeKTUBHOCTH HX
HCI0JIb30BAHNS B Ka4eCTBe HCTOYHHKOB Ta3000pa3HOro TOMIHBA

OO0HUM U3 NEPCNEeKMUBHBIX HANPABLEHUL YEeTUYeHUs peCyPCHOU OA3bl IHEPLeMUIecKo20 Cbipbs s818emcs 000vlya
20piouezo 2a3a U3 yeoabHblx niacmos. B pabome 6viiu nposedensl Ucciedo8anus 8blXo0a 2a308biX KOMNOHEHMO8 U3
0bpasyos yens susetickux omuodicenuti Pecnyonuxu Tamapcmana npu mepmuueckom 6030eUcmsauit Memooom
cosmewennol mepmoepasumempuu u UK-cnekmpocxonuu. Iloxazano, umo Meman HAyuHaem aKmugHo 8blOeisimvbCs
npu memnepamype 6osoeticmeus 385-405 °C 6 3asucumocmu om uccnedyemozo obpaszya yens. Ipu amom 0ons
obpa3zyowjezocsa memana modxcem oocmueams 30% mac. u 6oree, umo noomeepIicoaem nepcneKMUHOCHb NOAY4eHUs
2a3000pA3HO20 MONIUBA U3 Y2OTbHBIX 3ANeHCell BU3CUCKUX OMIIONCEHUL NPU MePMUYECKOM 8030ellCmBUlU.

KiroueBble ciioBa: yrim, noa3eMHasi ra3uukaius, rToplouii ra3, BU3EHCKUE OTIIOKEHUS, TEPMHYECKOE

BO3JICHCTBHE, TEPMOTPABUMETPHSI.

R. R. Khasanov, M. A. Varfolomeev, D. A. Emel’yanov, and A. I. Rakhimzyanov.

Investigation of Thermal Effect on Samples of Coals to Determine the Prospect

of Their Utilization as Sources of Gaseous Fuels

One of the promising ways of expanding energy resource base is production of combustible gas from coal beds.

The yield of gaseous components from samples of Visean coals of Tatarstan upon thermal impact was studied in this
work by combined thermogravimetric and IR spectrometric method. It is demonstrated that methane begins to appear
actively at 384-405°C, depending on the test coal sample. In this process, the yield of methane could be as much as
30 wt. % and higher, which confirms the prospect of getting gaseous fuel from Visean coal deposits by thermal
impact.

Key words: coals, underground gasification, combustible gas, Visean deposits, thermal impact, thermogravimetry,

IR spectrometry.

D. A. T'yceitnosal, M. P. Canaes?, H. T. Anuesa, K. }O. Anxamos?

'Hayuno-uccnenosarenbckuil HHCTUTYT

«[eoTexHoNOrNUECKUE MTPOOIEMBI HEPTH, Ta3a U XUMUSIY,

2Azepbaitpkanckuil ['ocy1apcTBEHHBIN Y HUBEPCUTET HEQTH M IPOMBIILIEHHOCTH, T. baky

E-mail: elvira_huseynova@mail.ru

H3oMepu3anus H-rekcaHa B NIPUCYTCTBHMH HAHECEHHBIX TUTAHOKCHIHBIX KaTaJIH3aTOPOB

H3yuenvl kamarumuyeckue c60UCMEa HAHECEHHbIX MUMAHOKCUOHBIX KAMAIU3AMOPO8 8 peaKyull U30Mepus3ayull H-
2eKcana. Ycemanogneno, umo uamepusyowas akmueHocms 2ekcana yeenuuueaemces 6 paoy: Fe/TiO2 < Co/TiO2 <
Ni/TiO2. Haubonee axmuenviii Ni/TiOz-kamanuzamop s¢pghexmueen 6 08yx memnepamypHuix UHMEPEAIAX: 6
cpeonememnepamyprom (150-300 C) — no mexanusmy cosuea cesizell U COBMeCmHO MEXAHU3MY cO8Uea cesa3ell U 8
svicokomemnepamyprom (350—400°C) — no yuxnuueckomy Mexanuzmy ¢ RpOMeAHCYMOUHbIM 00paA308aHUEM

NAMUYIEHHO20 YUKAd. Bvickazano npednonodcerue, ymo 6 xode soccmanosumenvhou akmusayuu Ni/TiO2-



Kamanuzamopa ¢opmupyiomcs OUChepCHblil HuKelb, 0opasyowuil 2udpudrnyio gazy. Booopoo u nuxens
8 UOHHOU hopme cnocobecmeyrom nogviuennol akmugnocmu Ni/TiO2 kamanuzamopa.
KioueBble cioBa: n3oMepu3alus, H-reKcaH, JUOKCUJI TUTaHa, TIEPEX0JHbIE METaJUIbl, HOHHBII HUKEIb, TUAPH]

HUKCJIA.

E. A. Guseinova, M. R. Salaev, N. T. Alieva, and K. Yu. Adzhamov.

Isomerization of n-Hexane in Presence of Applied Titanium Oxide Catalysts

Catalytic properties of applied titanium dioxide catalysis in n-hexane polymerization reactions are studied. It is
demonstrated that isomerizing activity of hexane increases in the order Fe/TiO2 < Co/TiO2 < Ni/TiO2. The most
active Ni/TiO: catalyst is effective in two temperature ranges, namely, moderate temperature (150-300°C) that
pertains to the mechanism of bond shift and combined mechanism bond shift and high temperature (350-400°C) that
pertains to cyclic mechanism with intermediate formation of five-membered ring. It is proposed that in the process of
reductive activation of Ni/TiO2 catalyst, dispersed nickel is formed, producing a hydride phase. Hydrogen and nickel
in ionic form facilitates increased Ni/TiO2 catalyst activity.

Key words: isomerization, n-hexane, titanium dioxide, transition metals, ionic nickel, nickel hydride.

H. A. Csaposckas!, U. 10. lllepuenxo (3enenko)?, A. I0. Tpodumos?, E. B. Usanos!, U. A. T'ony6epal

PT'Y nedtu m raza um. . M. I'yOkuna,

2AnTaiickuii rOCYIapCTBEHHBII arpapHbIi YHUBEPCHTET

E-mail: na_sv2002@mail.ru

MonenupoBaHue 6JI0Ka PpeaKTOPOB TEXHOJOTHYECKOi JMHUH BHICOKOTEMIIEPATYPHOr0 MUPOJIH3a
Ilpeocmasnenvt pe3yiomamsl MAMeMamuiecKk020 MOOeIUpO8anust O10Ka peaKkmopos mexHoL02U4ecKoU TUHUY
8bICOKOMEMNEPAMYPHO20 RUPOTU3A Y2Ne8000p0008. Modenu mpybuamvlx neueti 20MO2EHHO20 NPOYecca NUPOIU3A
CO 3Mee8UKAMU PA3HOU KOHCMPYKYUU ONUCAHBL 8 8UOE PEAKMOPO8 UOedibHO20 ebimecHenus. Ilpumenenue
0emepMUHUPOBAHHO20 HOOX00d K NOCIPOCHUN) MEXAHUIMA PEAKYULL U OYeHKe KUHEMUYECKUX NAPAMEempOo8
MePMUUECKO20 PA3NIONCEHUS Y2e8000P0008 U UCNOAb308AHUS UX OJI51 ONUCAHUSL RPOYECCO8, NPOMEKAIOUUX 8 NeHax
nupoausa muna SRT-1, SRT-2, noxazano adexsamnocms pacuemuvix 3a6UCUMOCTEN ONbIMHLIM OAHHBIM.

KiroueBsble ci10Ba: yriieBOJAOPOAHOE CHIPbE, MEXaHU3M, ITapaMeTphl, TUPOJU3, TPyOUaThie eUr, MOIETUPOBAHNE.

N. A. Svarovskaya, I. Yu. Shevchenko (Zelenko), A. Yu. Trofimov, E. V. Ivanov, and I. A. Golubeva.

Modeling of Block of Reactors of High-Temperature Pyrolysis Process Line

The results of mathematical modeling of a block of reactors of a high-temperature hydrocarbon pyrolysis process line
are presented. Models of tube furnaces for homogeneous pyrolysis process with variously designed coils are
described as ideal-displacement reactors. Application of determinative approach to the reaction mechanism and
determination of the kinetic parameters of thermal decomposition of hydrocarbons and their use for describing the
processes occurring in SRT-1 and SRT-2 types of pyrolysis furnaces showed agreement of the calculated relationships
with the experimental data.

Key words: hydrocarbon stock, mechanism, parameters, pyrolysis, tube furnaces, modeling.



J1. B. Hemo60B, A. I1. Omenxko, E. A. lapua

DAY «25 T'ocHUU xummoTomornn MuHo60poHE! Poccumy,

E-mail: 25gosniihim@mil.ru

Biinsinne cocTaBa He(pTAHBIX OCTATOYHBIX TOIUIMB HA UX KOJUIOWIHYIO CTA0MILHOCTD

B pabome uccaedosan epynnosoii (SARA) u ¢hpaxyuonnwviii cocmas 14 06pazyoe Gromckux mazymos u KOMHOHEHMO8,
nPUMEHSIeMbIX OJIsL UX NPOU3B00CMEd. AHAIU3 Pe3yIbmanmos uccied08anus pacmeopos OAHHbIX 00paA3Yo8 &
U300KmMane Memooom naseprHol Pypve-ougpaxmomempuu nO3601UI pazpadomams KOIUYECMBEEHHBII MEMOO OYEHKU
Ux KoJouoHot cmabunohocmu. Ilonyuenvl KoppersiyuonHbie 3a8UCUMOCHIU COCMABA U KOUIOUOHOU CMAOUIbHOCTU
UCCTIEO0BAHHBIX HEMENPOOYKMOB € COOEPIHCAHUEM ACPHANbMEH08 U He3 HUX. DKCNEPUMEHMATbHO NOKA3AHA
HeCnpageoIusoCms NPUMeHeHust OJis OYEeHKU KOUIOUOHOU CMAOUIbHOCIU OCIAMOYHBIX MONAUE MEPMUHA
«NPSAMOCOHHOCHIb Y.

Ki1oueBblie €/10Ba: OCTATOYHBIC TOIIMBA, PIIOTCKUI Ma3yT, KOJUIOUHAS CTA0MILHOCTh HEPTEPOTYKTOB,

CTaOMJIbHOCTHh OCTATOYHBIX TOILUIMB, OKCILTyaTallMOHHBIC CBOMCTBA OCTATOYHBIX TOILJIUB.

D. V. Nelyubov, A. P. Oshchenko, and E. A. Sharin.

Influence of Composition of Petroleum Residual Fuels on Their Colloidal Stability

Saturate, aromatic, resin, and asphaltene (SARA) group and fractional composition of 14 samples of marine residual
fuel oils and components usable for their production is studied. Laser Fourier-diffractometric analysis of the results
of study of solutions of these samples in isooctane made it possible to develop a quantitative method of assessment of
their colloidal stability. Correlative relationships of the composition and the colloidal stability of the studied
asphaltene-containing and asphaltene-free petroleum products are derived. The inapplicability of the term
“straight-run’” for assessment of colloidal stability of residual fuels is shown experimentally.

Key words: residual fuels, marine residual fuel oil, colloidal stability, petroleum products, stability of residual fuels,

performance properties of residual fuels.

I'. . Kenbanues?, C. P. Pacynos?, I'. P. Mycradaesa?

"Nucturyr karanusa u neopranndeckoit xumun HAH Azep6Gaiimkana,

2AzepbaiiKaHCKHI TOCYJaPCTBEHHBINH YHUBEPCUTET HE()TU U IIPOMBIIILIECHHOCTH,

E-mail: kudret.kelbaliev@mail.ru, rasulovsakit@gmail.com

MoaenupoBaHue siBJIEeHU KoajleCHleHIIUU KalleJb B Mpoleccax pasjejeHuss HeTAHbIX IMYJIbCHH
Ipeonooicena oughghyzuonnas mooenv 06paz06anust A0COPOYUOHHO20 CO0SL U3 ACHATLMOCMOIUCIBIX 8eUeCE

HA NOBEPXHOCMU Kaneab 800bl U Npusedena hopmyna 0Jisi OyeHKU e20 moawunsl. Paspabomana mooenb coemecmHuoll
Koanecyenyuu u OpoOIeHUs Kaneib 8 U30MPONnHOM mypoyieHmHom nomoxe. [lpednodcenvl ypaguenus 01 oyeHKU
960FOYUL YUCTA KANETb U UX PA3MEPO8 NO 8PeMeHU, 3a8ucsue om yacmom 0podaenus u koarecyenyuu. Ilpu manvix
yucnax Bebepa (We<1) smu moodenu y0o8iemeopumenbHo CO2NACYIOMC C UMEIOWUMUCS IKCNEPUMEHMATbHBIMU
OQHHBIMU.

KiueBble cioBa: HeQTsHAS SMYJIbCHS, KallIk, KoaJeceHINs, TpoOIeHne, aacOpOLMOHHBIN CIIOH, pacipeaesicHue

Kar€ljib, paCCIOCHHUE.



G. I. Kelbaliev, S. R. Rasulov, and G. R. Mustafaeva.

Modeling of Phenomena of Drop Coalescence in Oil Emulsion Breaking Processes

A diffusion model of adsorption layer formation from asphalt-resinous substances on water drop surface is proposed
and a formula for determining its thickness is given. A model of combined drop coalescence and disintegration

in an isotropic turbulent flow is developed. Equations for determining evolution of the number of drops and their size
with time, which depend on the frequency of disintegration and coalescence, are proposed. At low Weber numbers
(We < 1) these models agree satisfactorily with the available experimental data.

Key words: petroleum emulsion, drops, coalescence, disintegration, adsorption layer, distribution of drops,

stratification.

10. A. Xam3umn, P. P. lllupusiznanos, A. P. laBnetmun, A. 3. [lagpuna

VY dumcknii rocy 1apCcTBEeHHBIN HEPTIHONW TEXHUIECKUH YHUBEPCUTET

E-mail: Yunirkh@bk.ru

AJNKnIMpoBaHue M300yTaHa ojleMHAMM HA HEOJUTCOAEPKAIMX KAaTAIN3aTOPax

¢ pereHepainueii in situ

OOHUM U3 6apuanmos pewienus npooIemMvl 0e3aKMUBAYUY YeOIUMCOOePICAUUX KAMATUZAMOPOS ANKUTUPOBAHUSL
ABNAEMCS UCNOTB30BAHUE CEEPXKPUMULECKUX VCI08UT NPU NPOBEOeHUU NPOYeccd, K020a 00pazyiowuiics
c8epxXKpumuyeckuti Qaoud yeneeo0opooos yoaiem 8blCOKOMONEKYIAPHbLE NPOOYKMbL YRIOMHEHUS, 00pazyiouuecs
Ha nogepxHocmu kamanuzamopa. B pabome npeocmagienvl pe3yiomanul OIUMENbHbIX RUTOMHBIX UCHbIMAHUU
Kamaauzamopos, Ha 0CHO8e MOOUDUYUPOBAHHBIX NOJUKAMUOH-0EKAMUOHUPOBAHHBIX Yeonumos Y 6
YivmpacmaobunbHoll popme 6 npoyecce arKUIUPOSAHUs ¢ pecenepayuell iN Situ.

KiueBbie c10Ba: TBEPAOKUCIOTHOE AKWINPOBAHHE, IEOJUTHI, AIKUIAT, CBEPXKPUTHUECKUE (DITFOHIHL,

perenepauusi.

Yu. A. Khamzin, R. R. Shiriyazdanov, A. R. Davletshin, and A. E. Shadrina.

Alkylation of Isobutane by Olefins on Zeolite-Containing Catalysts with In-Situ Catalyst Regeneration

A variant of solution of the problems of deactivation of zeolite-containing alkylation catalysts is use of supercritical
conditions in process implementation when the formed supercritical fluid of hydrocarbons removes
high-molecular-weight condensation products formed on the catalyst surface. This paper reports the results of
prolonged pilot tests of catalysts based on modified polycation-decationized Y zeolites in an ultrastable form in the
process of alkylation with in-situ catalyst regeneration.

Key words: solid acid alkylation, zeolites, alkylate, supercritical fluids, regeneration.

. I. KarokoBa™“, A. H. Muxaiinosa-, 1. II. ues', H. A. UMOB®,
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O. C. Coruuxos®, A. E. Enokumos®, P. C. Xucamos*

Nucturyr opranuueckoii u gpusnueckoi xumun uM. A. E. Ap6ysosa Kaszanckoro nayusnoro uentpa PAH,

2Kaszanckuii (ITpuBommkckuii) (penepanbHblii yHUBEPCHTET,

$TarHUIIUuedTh, . Byrynbsma,



“TTAO «Tatned1s nm. B. JI. llammna, r. ATbMETBEBCK,

E-mail: kayukova@iopc.ru

CocraB ci1aHueBOi He(pTH U3 HU3KONPOHMLAEMBbIX KAPOOHATHBIX OPOJ JOMAHMKOBBIX 0TJIOKEHU JAHKOBO-
JIe0eITHCKOT0 TOPU30HTa POMAIIKMHCKOT0 MECTOPOKIEHH S

COyenen negpmezenepayuontbiti NOMEHYUAT HUSKONPOHUYACMBIX KAPOOHAMHBIX NOPOO U3 OAHKOBO-1€0e0SIHCKO2O0
20PU3OHNA OOMAHUKOBLIX OMIONCEHUL BePXHE20 0e80HA 3enieH020pcKoll niowadu Pomawkunckozo mecmoposicoenust
6 3aBUCUMOCU OM COOEPAHCAHUS U COCNABA OP2AHUYECKO20 BeUeCmed 8 NOPOOax U COCMABA 8bIMbIBAEMOT U3 NOPOO
ClaHyesotl Heghmu dIKCmMpaxyuel opeaHuyeckumMu pacmeopumenamu. B cocmage sxcmpaxmog u3z nopoo, no cpasuenuio
€ 000b186aEMOlL CLAHYEBOU HEPMbIO U3 KAPOOHAMHBIX KOIEKMOPO8 00HOB03PACTIHBIX OMILONCEHUL MEMOOOM
2UOPABIUYECKO20 pa3pbleéd NAAcma, 6oabuie co0epI’HCanue CMOL U ac@anrbmeHo8, HUHice COOEPHCAHUE HACLIUeHHbIX
@paxyuil, 8 cocmase KOMOPvIX NPeodIAAIOM 6bICOKOMONEKYIAPHbIE H-ANKAHbl. B Modenvhbix sxcnepumenmax
usyuerno enusnue memnepamyp 200, 250, 300 u 3500C na xongepcuio opeanuieckoeo geuecmea KapooHamHou
OOMAHUKOBOIL NOPOObL 8 Y2IEeKUCIOMHOLU 2UOPOMEPMATLHOU CUCEMe, OYEeHEeH 8bIX00 U Ka1eCmE0 U361eKaeMblX
Y2neeo0opo0os. Yemanosneno, umo gozoeticmeue na nopody memnepamyp 200 u 250°C cnocobcmeyem bonee
UHMEHCUBHOMY U NOJHOMY U3BTIEYEHUI0 HePMAHBIX Yyene8000p0008. Ilpu memnepamypax sviue 300°C npomexaiom
npoyeccvl 0eCmpyKyuu 8bICOKOMONEKYIAPHBIX KOMHIOHEHNO8 U HEPACMBOPUMO20 KePO2eHd, NPUBOOsauUe K y8eauieHur
8bIX00A IKCMPAKMOS U3 HOPOO U YEEIUUEHUIO 8 HUX COOEPICAHUSL HACOIUEHHBIX Y21e8000P0008, COCMAE KOMOPbIX
CMAHOBUMCSL ROO0OEH COCMAgY, 000bI8AEMOU U3 KAPOOHAMHBIX HUSKONPOHUYACMbIX KOJUIEKMOPO8 CIAHYe80l Hepmi.
Peszyremamot uccredosanuil 0arom 0CHOBAHUE NOAA2AMb, YO KAPOOHAMHbBLE NOPOObl OUHKOBO-1€0Ee0SIHCKO20
20PU3OHMA cO0epIHcam npPoOYKMuUGHsle NAACMbl, KOMopble, NPU paspadomKe ¢ nPpUMeHeHueM eUOPOmePMAalbHbIX
MEeXHONI02ULL MO2Ym Camb OONOJIHUMETbHBIM UCHOYHUKOM HEDMAHBIX Y21e8000P0008.

KiaroueBrble c10Ba: ciaHieBas He()Th, COCTaB, OPraHUYECKOE BEIECTBO, KApOOHATHAsI TOPO/Ia, JOMaHHKOBBIE

OTJIOKCHU A, KEPOI'CH, YITICBOAOPOAbI, THAPOTCPMAJIbHBIC ITPEBPAILICHU.

G. P. Kayukova, A. N. Mikhailova, I. P. Kosachev, N. A. Nazimov, O. S. Sotnikov, A. E. Evdokimov, and R. S. Khisamov.
Composition of Shale Oil from Poorly Permeable Carbonate Rocks of Domanikovian Deposits of Dankov-
Lebedyan Horizon of Romashkino Field

The oil-generating potential of poorly permeable carbonate rocks from the Dankov-Lebedyan horizon of the
Domanikovian deposits of the Upper Devonian of the Zelenogorsk area of the Romashkino field as a function of
content and composition of the organic matter in the rocks and of the composition of the shale oil extracted from the
rocks by organic solvents is evaluated. In comparison with the shale oil produced from the carbonate reservoir of
coeval deposits by hydrofracking of the rock formation, the extracts from the rocks contain more resins and
asphaltenes and less saturated fractions where high-molecular-weight n-alkanes are dominant. In model experiments,
the influence of the temperatures 200, 250, 300, and 350°C on conversion of the organic matter of the Domanikovian
carbonate rock in carbonic acid hydrothermal system are studied and the yield and quality of the extracted
hydrocarbons are evaluated. It is demonstrated that the thermal effect at 200 and 250°C on the rock facilitates more
intense and complete extraction of oil hydrocarbons. At temperatures above 300°C occur processes of degradation of
high-molecular-weight components and insoluble kerogen, leading to increase in yield of extracts from the rocks and
increase in them of the content of saturated hydrocarbons whose composition approaches the composition of the shale

oil extracted from the poorly permeable carbonate reservoirs. The investigation results provide the ground for



suggesting that carbonate rocks of the Dankov-Lebedyan horizon contains productive formations that could become
an additional source of oil hydrocarbons when developed by hydrothermal technologies.
Key words: shale oil, composition, organic matter, carbonate rock, Domanikovian deposits, kerogen,

hydrocarbons, hydrothermal conversions.
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I/ICCJIeIIOBaHHe 3(l)(l)eKTI/IBHOCTI/I BBICOKOTEMIICPATYPHLIX BCIICHUBAKIINX ATCHTOB IIPU BLITCCHCHUU IAPOM

B npoyecce evimecnenus negpmu napom 6 pezep8yapax msiceno Hegpmu G03HUKAIOM NPOOAeMbl NEPEKPLIMUS HAPOM
u o6pa3oeauuﬂ napoesvlx KaHaioe. ﬂﬂﬂ UCCNIE00B8AHUSL MEXAHUZMA IMO20 npoyecca ObLIU npoee()eﬁbz uccneo0o8anus
NPUMEHUMOCMU 6CNEHUBAIOUUX A2EHMOB U UX napamempoes. mepMuweCKoﬁ cma6uﬂbyocmu, neHucmocmu u
CMaduIbHOCMU Nelbl, CMPYKMYPHOU U Mopghonocuyeckoll ycmouuusocmu. Pe3yiomamol ucciedosanuii nokazau,
ymo azeum CX-4 obnradaem vlicoKuMU xXapakmepucmuxkamu mepmuttecxoﬁ cma6uﬂbHocmu, neHucmocmu u
cmabubHoCmu neH006pa306aHuﬂ. Hpu 6030elicmeull 8bICOKUX memnepamyp ecneHugaiou;uﬁ acenm coxpausem ce0r
CMPYKMYpPY, HO APU IMOM 2eKCALOHAbHASL CMPYKMYpa neHvl ociabesaem. A6copoyuorHble NIeHKU NY3bIPbKO8 NeHbl
UMEIOM YEeHMPUPOBAHHYIO KOIbYEBYI0 CIPYKIMYPY, XOPOULO CHASHbL MeXHCOY COOOU U UMEIOM 3HAYUMEbHbLE
npocmpancmeentuvle ooracmu nepekpoimus. Ilpocmpancmeennoe pacnpedenerue u mpexmepHas cmpykmypa neHvl
HECKOJIbKO yxydmaemm. Onemenmuuiii cocmae 6CneHusarnuleco aceima codepofcum 6 OCHOBHOM HYemblpe dliemMenma.
cepy, yenepoo, Hampuil u KUCIopoo. B pezyibmame 8b1COKOMEMREPAMYPHO20 8b10EPAHCUBAHUSL INEMEHMHBII COCTNAB
U MOAEKYNIAPHASL CMPYKIYPA OCMAIOMCst CMAOUTbHBIMU.

KaroueBsnle cioBa: Tspkenast He(Th, BRICOKOTEMIIEPAaTypHBIA BCIICHUBAIOIINI areHT, BRITECHEHUE He(DTH Tapom,

CKaHI/IpyIOH.[I/Iﬁ BHeKTpOHHHﬁ MHKPOCKOII, peHTI‘eHOBCKI/Iﬁ ,Z[I/ICI'IepCI/IOHHHﬁ CIICKTPOMCETD.

Fa-Jun Zhao, Yong-Jian Liu, Yun-Long Wang, Hao-liang Liu, and Hai-cheng Ma.

Performance Study of High-Temperature Foaming Agents for Improving Steam Flooding Effect

Foaming agents are used to solve the problems of steam overlay and steam channeling that arise in the process of
steam flooding in heavy-oil reservoirs. To study the mechanism of this process, the performance characteristics of the
foaming agents are studied in terms of their thermal endurance, foaminess, stability, structure, and morphology. A
foam scanner, a Fourier transform infrared spectrometer (FT-IRS), an environmental scanning electron microscope
(ESEM), and an x-ray energy dispersive spectroscope (XREDS) are used to study and analyze these characteristics.
The results show the following: the foaming agent CX-4 possesses excellent thermal endurance performance,
foaminess, and foam stability; after high-temperature treatment, the structure of the foaming agent remains intact, but
the hexagonal structure of the foam weakens; the absorptive films around the foam bubbles have a centered ring
structure, are intertwined, and have significant spatial overlapping areas. The absorptive film of the foam

is well integrated and is relatively thick. It is randomly distributed in space and its three-dimensional structure
becomes slightly worse. The elements contained in the foaming agent are mainly S, C, Na and O. After
high-temperature treatment, the elemental composition and the molecular structure of the agent remain stable.

Key words: heavy oil, high-temperature foaming agent, steam flooding, FT-IRS, SEM, XREDS.
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HccnenoBanne cTaduIbHOCTH OYPOBOT0 PacTBOPA HA OCHOBE IMYJILCHIT TH3€JIHHOT0 Macja

JJIsl Pa3JIMYHBIX YCJIOBHI 00BOHEHNs IPH HU3KUX TeMIlepaTypax

bByposoii pacmeop na ocHose Ouszenvhbix Macen, npuMeHsemblil npu 000bive Hehmu 01 USMEHEHUSI NAPAMEMPOs
naacma, npeocmasisienm coootl dMyIbCUlo 8600bl U Macaa. B dannoii pabome uccnedosanocs enusnue COOMHOULEHUsL
@az 6 amynvcuu Ha peonocuyeckue, OUCNEPCUOHHbLE U dTeKmpudecKue ceoUCmed 6ypo6o2o pacmeopa npu yCiosusx,
OUBKUX K YCLOBUAM 3a600HeHUs naacma. Pe3ynibmamul 9KChepumMenmos noKkasaiu, Yymo cmaouibHOCHb SMYIbCUlL
HAanpsimyio 3a6Ucum om cOOMHOUEHUs: (a3 MAcio — 600a 8 IMYIbCUU U OM memnepamypbl. phexmusnas 653Kk0Cmb
U Hanpsicenue coguea YEenuyusamcs no mepe YMeHbUeHUss COOMHOueHUs (pas Macio — 800d U YMeHbULeHUS
memnepamypul. [Ipu 3a0annblx 3HAYEHUSX MEeMNEPAmypbl U COOMHOueHUs: Qas, dhpexmuenas 6a3K0cmb
VMEHbUAemes nPU yeenudeHuu Hanpsaicenus: coguea. Ceoucmaa aIMyibCull OU3EIbHbIX MACEN C 8bICOKUM
coomHouteHuem haz Macio-600a CX0OHbL CO CEOUCMBAMU HbIOMOHOBCKOU HCUOKOCHU, a NPU NOHUNCEHUU 3HAYECHUS
coomuouleHust paz OeMOHCMPUPYIOM CEOUCMBA NCEBOONIACMUYECKOU dcuokocmu. [lanvheliuiee CHUx3CeHUe
COOMHOULEHUSI MACTIO — 800d 8 IMYAbCUL GIUAEH HA OUCNEPCUOHHYIO CMAOUTLHOCTIL IMYIbCUU, YO 0eNaiom

ee Henpu2oOHOU 0151 UCNOTIL308AHUSL 8 Kauecmee OyPo8o2o azenmad.

KuroueBble cjioBa: O6ypoBoil pacTBOp, SMYJILCHS, COOTHOIIEHHUE (a3, peoIorndecKas CTaOMIBHOCTb.

Peng Xu, Xiaolin Pu, Hangiao Xiong, and Zhihong Wang.

Stability of Diesel Oil-Based Drilling Fluid under Conditions of Variable Water Cut at Low Temperatures
Diesel oil-based drilling fluid is an oil-water emulsion. It enhances borehole stability, lubricity, reservoir protection,
and resistance to calcium salt. We used diesel oil-based emulsions with different oil-water ratios to simulate drilling
fluid invaded by different amounts of formation water and evaluated the rheological, dispersion, and electrical
stability of the drilling fluid under conditions akin to water cut conditions. The experimental results showed that the
rheological stability of diesel oil emulsion is greatly influenced by oil-water ratio and temperature. Apparent
viscosity and shear stress increase with decrease of oil-water ratio and fall of temperature. Apparent viscosity
decreases with increase of shear rate and shear stress at the same oil-water ratio and temperature. Diesel oil
emulsion exhibits properties akin to those of Newtonian fluids when the oil-water ratio increases and exhibits the
properties of pseudo-plastic fluids when the oil-water ratio decreases. The stability of diesel oil emulsion increases
with increase of electrical stability (ES). Decrease of oil-water ratio in the emulsion reduces the dispersion stability,
which renders the drilling fluid unsuitable for use. When diesel oil emulsion is used as drilling fluid, prevention of
formation water invasion and appropriate selection of oil-water ratio are needed for safe and quick drilling.

Key words: drilling fluid, emulsion, water-oil ratio, rheological stability, dispersion stability, electrical stability.
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I/ICCJ’[CI[OB&HHE MeXaHUu3Ma BAABJIUBAHUSA PACKIMHUBAIOIIECIO areHTa

Boaesnusanue PacKiurHuearoueco acenma 6 npoyecce 2udpa6ﬂul¢ea<ozo paspbsleéa niacma moaxncem npueecmu

K 3HAYUMENIbHOMY COKPpAWEHUIO WUPUHBL paA3pbléd U MAKUM 06pa30M SHAYUMENbHO YMEHbUUMb npoeodwwocmb
mpewuHsl. B oannou pa60me ONUCAHO UCCNEO08AHUE npoyecca 80A6/IUBAHUS PACKIUHUBAawweco acenma. buiu
BbINOJIHEHBL 08€ cepuu IKCnepumermoe u l’lpedﬂOOfceH Mexanusm npoyecca 80A6/IUBAHUS nponanma. Pes'yfzbmambz
nokaswvlearom, 4mo 80a6/IUBAHUE nponanma npedcmaeﬂflem coboil ne ynpyeuﬁ MeEXAHU3IM, HO MoaHcem Oblmb
NIAACMUYHBIM U 0QdICe npoOpvI6HbIM, 6 3d8UCUMOCMU ONT MUKPOCMPYKNYpPbl NOBEPXHOCIMU l’lOpO@bl mpewunsl.
KuroueBble cjaoBa: paCKJII/IHI/IBa}OHII/IfI arcHT, BAaBJIMBAHUC, FPI,I[paBJII/I‘ICCKI/IfI Ppas3psIB IJ1acCTa, CIIOXKHOC

MECTOPOXKICHHUC.

Yuxuan Liu, Jianchun Guo, and Cong Lu.

Analysis of Proppant Embedment Mechanism Through Experimental Tests

Proppant embedment is a major mechanism in hydraulic-fracturing treatments that could cause a remarkable
reduction of fracture width and thereby reduce the fracture conductivity considerably. This paper describes a detailed
proppant embedment test method and the apparatus used, including the structure of the facility, experiment principles,
test procedures, and data interpretation. Two groups of experiments performed and the mechanism of proppant
embedment are discussed. Analysis shows that embedment is not only an elastic process, but also an elastic-plastic
and even a failure process which is controlled by the microstructure of the formation core.

Key words: proppant, embedment, hydraulic fracturing, unconventional reservoir.
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