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3AKOHOMEPHOCTHU ®YHKIIMOHNPOBAHNA YCTAHOBOK PUOGOPMUHI'A C
PA3HBIM PACIIPEAEJIEHMEM KATAJIM3ATOPA B PEAKTOPAX. ITAPAMETPUUYECKHE
YPABHEHUA JUISI PACUETA OKTAHOBOI'O YNCJIA PUOOPMATA

HU. M. Konecnuxkos, E. B. Heanoe, I1. A. I'vuun, H. M. Konecnukos, Aiirooa Canuxy,
C. U. Konecnuxos, O. b. Yepnoea

PI'Y He¢tu v rasa umenu M. M. I'ybxuna,
E-mail: kolesnim@yandex.ru

[IpencraBieHsl MPOU3BOACTBEHHBIE JAHHBIE O 3aKOHOMEPHOCTSIX pabOThl OJIOKOB pPEakTOPOB Ha
ycTaHOBKaxX pu(popMHHTa. BBISBICHBI 3aKOHOMEPHOCTH W3MEHEHHSI Tepernaja TeMIIEpaTyphl B peakTopax
C JJIUTENBHOCTBIO Mpo0era peakTopoB U COOTHOILLIEHNEM 00BhEMOB KaTalln3aTropa B peakropax. [lokazano,
4TO cojepkaHue H-mapaguHoB B pudopmaTte corjacyercs ¢ BEIHMUYMHOW Mepernaaa TeMmIepaTypbl B
peakTopax. [Ipemioxensl napaMeTpuyeckie ypaBHEHUs sl pacyeTa OKTaHOBOTO yKciia pudopmMara npu
U3BECTHBIX COJIEP’)KAaHUN B HEM apOMAaTUUYECKUX YIIJIEBOAOPOJOB U MJIOTHOCTH.

KiarwueBble ciaoBa: prupOpPMHHT, OKTAHOBOE YHUCIIO, KaTalU3aTOp, PEaKTOp, MapaMeTpUYecKHe
yYpaBHEHHSI.

Industrial data on mechanisms of functioning of reforming plant reactor batteries are furnished. The
patterns of temperature gradient variation in reactors with duration of reactor operation and volumetric
ratio of catalysts in the reactors are discerned. It is shown that the n-paraffin content in the reformed
products corresponds with the temperature gradient in the reactors. Parametric equations are proposed for
calculating the octane number of the reformed products at known aromatic hydrocarbon content and
density.

Key words: reforming, octane number, catalyst, reactor, parametric equations.

TPUBOJIOTMYECKUE XAPAKTEPUCTHUKN KOMIUIEKCHOM JINTUEBO-KAJIBIIUEBON
CMA3KHU

Ca Anvuyro, Banoe Uorcenvusrrcyn, @n Cuno
North China Electric Power University (Beijing, China),
E-mail: xiayanqiu@yahoo.com

Ha ocHOBe KOMIUIEKCHOW CBEpXIIETOYHON CYIb(OHATKAIBIIMEBOH M KOMIUICKCHON JTUTHEBOM
CMa30K MOJIyu€Ha JUTUEBO-KajblueBass cma3ka. C ucnonb3oBaHueM MaimuHbl Tperust Optimol SRV
COIMOCTABJIEHbl ~ TPUOOJOTUYECKHE  XapPaKTEPUCTUKH  KOMIUIEKCHBIX  JIMTHEBO-KAJbLIUEBOM U
Cynb(OHATKAIBIIUEBOH CMa30K. METOOM CKaHMPYIOUIeH JJIEKTPOHHOW MHUKPOCKONMHUU MOJIYYEHBI
M300pakKeHUsI TOBEPXHOCTEH H3HOCA. METOIOM PEHTTeHOBCKOM (DOTODIEKTPOHHOM CIEKTPOCKOITUH
onpeJeleH XUMUUECKUI COCTaB MOBEpXHOCTeN n3Hoca. Kak mokasanu pe3yiabTaThbl, HOBasi KOMILIEKCHAs
JUTUEBO-KalblIMeBasi cMa3ka obecreynBaeT MEHbUINI KO3()(PUIHMEHT TpeHUs M OTIMYACTCS BHICOKUMU
MPOTUBOM3HOCHBIMU  CBOMCTBAMH, 4TO OOYCIIOBJICHO TPUOOXMMHUYECKUMU PEAKIHUSIMH  MEXITY
KOMITOHEHTaMH CMa3KH M MIOBEPXHOCTHIO TPEHHS C 00pa3zoBaHueM IieHKH, BKtovatomeid CaSOs, CaCOs,
CaO, coequneHus nutus, Oopa.

KiroueBble c10Ba: IUTHEBO-KAJIbIMEBAs CMa3ka, TPaHUYHAs CMa3Ka, TpUOOJIOTHYECKHE CBOMCTBA,
CKaHHUPYIOIIAsl 3JICKTPOHHAS MUKPOCKOIHUSI, PEHTT€HOBCKasl (POTORIICKTPOHHASL CIIEKTPOCKOITHSI.

The tribological properties of lithium-calcium complex grease based on superalkaline calcium
sulfonate complex and lithium complex greases are investigated. The tribological properties of the latter
greases are compared using an Optimol SRV reciprocating friction and wear tester. The morphologies of
the worn surfaces are traced by a scanning electron microscope (SEM), and the chemical states of several
typical elements on the worn surfaces are examined by X-ray photoelectron spectroscopy (XPS). The
results indicate that the new grease has a low friction coefficient and a good wear-resisting ability. This is
attributed mainly to tribochemical reactions between the grease components and the friction surface with
formation of a film that includes CaSO3, CaCOs3, CaO, compounds of lithium, boron, etc.

Key words: lithium-calcium grease, boundary lubrication, tribological properties, SEM, XPS.



PEKTUOUKALIMA ITPOAYKTOB ITUPOJIM3A ITPAMOI"OHHBIX BEH3MHOB C LIEJIBIO
ITOJIYUEHUMA CbIPBA IS CUHTE3A HEOTEIIOJIMMEPHBIX CMOJI

O. M. I'openosa, JI. @. Komaposa
AATalicKuil rOCyAApCTBEHHBIN TexHudeckuil yuusepcureT uM. M. H. IToasynosa,
E-mail: htie@mail.ru

[IpencraBneHsl pe3yabTaThl HCCIACAOBAHUS PEKTU(UKAIMOHHOTO pa3JeieHUs] MUPOKOHEHCATa
MUPOJIN3a TPSMOTOHHBIX OCH3MHOB C LIENbI0 KOHIIEHTPUPOBAHUS HEMPEAETbHBIX YIIEBOJOPOJOB IS
cuHTe3a HedTemoauMepHbIx cMmoi. OmpeneneH (PaKIUMOHHBIA W YIIEBOAOPOJHBIA COCTaB KHUIKOTO
OPOAYKTa MUPOJIHM3a. BBHIY NPUCYTCTBUS B HEM HECTaOMJIBHBIX INPH HArpeBaHUM YIIIEBOAOPOIOB
OIICHEHO BJIMSHUE WHTHOUTOPOB TMOJMMEPH3AIMA Ha TMpoIecc peKTUPUKamuu. DKCIEPUMEHTAIBHO
M3YYCHO TMAapOXHUIKOCTHOE paBHOBECHE OWHAPHBIX CMeceil, OOpa30BaHHBIX KOMIIOHECHTAMH
MUPOKOHJACHCATa, CO3JaHa MaTeMaThyeckas Mojelb (a30oBOro MPOCTPAHCTBA  JKUIKOCTb—IIAp.
Hpe;[noxceHa HpI/IHI_[I/IHI/Ia.HBHa}I TCXHOJIOTNYECCKaAs CXEMa peKTI/I(bI/IKaLII/II/I HI/IpOKOHI[eHcaTa, IIO3BOJISIOIIIAsA
BBIJICINTh B JAUCTHJUIAT KOMITOHGHTHI JIS CHHTE3a CBETJIBIX HE(TEMOJUMEpPHBIX CMOJT — CTHPOJ,
METHJICTUPOJIBI, BHHWITONYONBI. OmpeneneHsl mapamMerpsl paldoThl PEKTH(PHUKALMOHHON KOJIOHHBI
MEPUOINYECKOTO JEHCTBUA.

KiroueBblie CJIOBA: MUPOKOHJCHCAT, m1upoJin3, CTUPOJI, AJUIMUKIIONICHTAaAUCH, HUHICH,
HedTenmomuMepHas cMoJIa, peKTU(UKAIIHS.

The results of investigation of fractional distillation of straight-run gasoline pyrolysis
pyrocondensate to concentrate unsaturated hydrocarbons for petropolymeric resin synthesis are reported.
The fractional and hydrocarbon composition of the liquid pyrolysis product is determined. Because of the
presence of thermally unstable hydrocarbons in it, the effect of polymerization inhibitors on the
fractionation process is evaluated. The vapor-liquid equilibrium of the binary mixtures formed by the
pyrocondensate components is studied experimentally and a mathematical model of the liquid-vapor
phase space is built. A process flow diagram is proposed for pyrocondensate fractionation, which allows
separation of the components into the distillate for synthesizing light petropolymeric resins, such as
styrene, methylstyrenes, vinyl toluenes, etc. The parameters of the batch-operating distillation tower are
determined.

Key words: pyrocondensate, pyrolysis, styrene, dicyclopentadiene, indene, petropolymeric resin,
fractional distillation.

OCOBEHHOCTH COBMECTHUMOCTHU BEICOKOBSI3KMX HEDTEM

E. C. Oxomnukoeal’z, E. E. Eapcmml’z, 0. M. T aneeeal’z, T H. IOcynoeal’Z, JI. B. (Dedouunal,
I'. B. Pomanos"?

"Mucturyr opranmyeckoit u ¢usmieckoit xumuu uM. A. E. ApOysosa Kasanckoro Hay4yHOro umeHrpa

Poccurickoit akapeMuu Hayk,
?Kasanckuit ([IpuBoaxckuit) GpeAepasbHbIN yHUBEPCUTET
E-mail: okhotnikova@iopc.ru

W3yueHsl (QU3MKO-XMMUYECKHE CBOMCTBA (IJIOTHOCTH, BA3KOCTh M YCTOMYMBOCTH K BBINAICHUIO
achaabTEeHOB) CMecel BHICOKOBS3KOM HEPTH U3 MEPMCKHUX OTIOKECHUN (AIAThUYMHCKOE MECTOPOKICHHE)
¢ kapOoHoBoOi HedThI0 SMammHCcKOoro mecropoxkaenus (Tarapcran). IlokasaHo, 4To mpu CMEIIEHUU
BBICOKOBSI3KMX  HeTeli  MOryrT TpoTeKaTh  pazWyHble MPOLECChl  CTPYKTypooOpa3zoBaHUS,
COIIPOBOXAAIOIINECS HEAJAUTUBHBIMU U3MEHEHUSIMU IJIOTHOCTH, BA3KOCTH U YCTOWUMBOCTU. OmpesieneH
KOHIIEHTPALMOHHBI MHTEpPBajl COJEp>KaHUS B CMecH KapOOHOBOW He(TH, MpU KOTOPOM JOCTUTAIOTCA
MakCHMajbHasi CEIUMEHTALlMOHHAs YCTOWYMBOCTb, MHHHMAJbHbIE IUIOTHOCTh M BSI3KOCTh CMECH.
Y cTaHOBNIEHO HEAAIUTHBHOE U3MEHEHHE co/iepKaHUsl ac(haJIbTEHOB B CMECSX.

KiwueBble ciaoBa: cmemeHne He(dTeil, COBMECTUMOCTh He(TeH, IepecTpyKTypHpOBaHHE
HEPTIHBIX CUCTEM, YCTOHYMBOCTD K BBINAJCHHUIO aCaIbTCHOB.



The physicochemical properties (density, viscosity, and precipitation resistance of asphaltenes) of
blends of high-viscosity oils from Permian deposits (Ashal’cha field) with Carboniferous oils from the
Yamashi field (Tatarstan) are studied. It is demonstrated that when high-viscosity crude oils are blended,
various structure formation processes may occur, accompanied by nonadditive changes of density,
viscosity, and stability. The concentration range of the Carboniferous oil content in the blend, in which
the maximum sedimentation resistance and minimum density and viscosity of the blend are attained, is
determined. It is shown that the change in asphaltene content in the blends is nonadditive.

Key words: blending of oils, compatibility of oils, restructuring of oil systems, precipitation
resistance of asphaltenes.

OCOBEHHOCTU U MEXAHU3M M3BJIEYEHUS TSDKEJIBIX HE®TEN C [TIOMOILBIO
PACTBOPUTEJIA

Wicao (Dausyubl, Juy IOHuzﬂHbl, Wicao CquZ, Tanw JIsz.)fcuZ, o Yoscuzan'
'Northeast Petroleum University (Daqing, Heilongjiang, China),

*Research Institute of Exploration and Development, PetroChina,

Daging Oilfield Company, (Daqing, Heilongjiang, China)

E-mail: fajzhao@126.com

[Ipoananu3upoBaHbl OCOOEHHOCTH ¥ MEXaHU3M U3BICUCHHS TSDKENIONH HePTH MporaHOM
NPUMEHUTENbHO K y4acTky L[3ssHb 37 wmecropoxknenus Jlanumuap (Kutaid), Xapakrepuszyronmemycs
HeOONBIION TIYyOMHOM 3ajleraHus, OYEHb MAaJOH TONIIMHON HE(YTEHOCHOrO0 TOPHU30HTA, HU3KOH
MIPOHUIIAEMOCThIO W BBICOKOM Bs3KOCThIO HedTH. B skcmepumentax B 0Oombe PVT momydeHs
3aBHCHMOCTH IIJIOTHOCTH, BSI3KOCTH HEe()TU M pacTBOPUMOCTH B HEW MpOMaHa OT JIaBieHHs. Metogamu
razoBoii xpomarorpaduu u HNK-cmekTpockonmuu Mmoka3zaHO, YTO B MPOILIECCE HW3BJICUCHHUS IPOITAHOM
COCTaB HE(PTH M3MEHSETCSA: BO3PACTACT COJEP)KAHUE JIETKMX KOMIIOHEHTOB M CHH)KAETCSl COZAEp KaHue
TSDKENBIX BCIIEACTBHE YACTHUUHOM JeacdanbTU3aliH.

KiroueBblie cioBa: Tsokenas HedTh, VAPEX, pacTBopuTENh, SKCTpaKLIKs, IIOPOBasi cpera.

The characteristics and mechanisms of extraction with propane of heavy oils from the porous
medium of the Jiang 37 Block, Daqing Oilfield (China), which is characterized by shallow depth of oil
occurrence, thin oil-bearing stratum, poor permeability, and high oil viscosity, are analyzed. The results
show that propane has a strong heavy oil extraction capacity and that the propane solubility in the oil and
the oil density and viscosity depend on pressure. It is shown by gas chromatography and IR spectroscopy
that the oil composition changes in the propane extraction process: light components increase and heavy
components decrease due to deasphalting.

Key words: heavy oil, VAPEX (Vapor Extraction), solvent, extraction, porous medium.

CJOXHOCTH ITPOBEJAEHUA U METOAbI OIITUMU3AIIMU TTHIPOPA3PLIBA
I''TYBOKO3AJIET'AIOIIMX YT'OJIBHBIX ITJTACTOB B KUTAE

Jy Anvysyns, An Ysrcaousxncyn, Jlu Caozan, Xanw L[3unvcyans, L{3u I'ogha
Southwest Petroleum University (Chengdu, China)
E-mail: swpulh@qq.com

B Kurae reosormveckne 3amachl METaHa YTOJBHBIX IJIACTOB, PACTIONOKEHHBIC HA TIyOWHE OKOJIO
2000 M, ouenuBatorcs B 36,81 TpiH M3, o 3ToMy nokasarento Kurail 3aHUMaeT TpeTbe MECTO B MUPE.
Pecypcet nHa riyomne cBeime 1000 M cocraBistor 61,2% Bcex pecypcoB. Ilo cpaBHeHHIO ¢
pa3zpabaTbiBaeMBIMH B  HACTOsIIEe BpeMsi HETTyOOKO 3ajeralolMMU  YrOJBHBIMH  IUIaCTaMH,
IyOOKO3aJIeTaloIINe IUIACThI XapaKTEePU3YIOTCs 00Jiee CI0KHBIMA T€OMEXaHMYECKHMMHU CBOMCTBAMU:
BBICOKUMHM BHYTPEHHUM HAIpPsSHKEHUEM IUIacTa, TEMIIEpaTypoM, JaBICHUEM KapCTOBOM BOIBI W JIp.
[ToaTomMy paboTBl TO THUAPOPA3PHIBY TIyOOKO3AJIETAIOMUX YTrOJBHBIX IIJIACTOB COMPSDKEHBI  CO
CIIO)KHOCTSIMHU, HEXapaKTEPHBIMH JUISI HETTTyOOKUX IIACTOB. B 3TOM CBsI3H, A pa3paOOTKH TEXHOJIOTHIA



pa3pbiBa r1y0OKO3aJIETAIONINX IUIACTOB HEOOXOAMMO HCCIENOBATh THUIBI MPOMIAHTOB, XUIKOCTH IS
TUIpopa3phiBa, 00ecreynBaroIie TEXHOJIOTUU U JIp. Ha OCHOBE PE3yJIbTaTOB TUAPOpa3pbiBa HETITyOOKO
3aJIeTalolUX TIACTOB.

KuaroueBble cioBa: riyOoKko3ajeraroniye yrojibHbIE IUIACThl, THAPOPA3PhIB, METAH YTOJIbHBIX
TJIaCTOB.

The geological coal-bed methane (CBM ) resources buried within 2000 m depth in China is about
36.81 trillion m’ and rank third in the world. The resources lying at depths above 1000 m account for
61.2% of the total. Compared to the currently developed shallow coal beds, the deep ones have much
more complex geoengineering characteristics, such as high in-situ stress, high temperature, high karst
water pressure, strong mining disturbance, and so on. So fracturing stimulating measures for deep coal-
bed methane (DCBM) is faced with a more difficult situation than with the shallow ones. In view of this,
for developing deep bed fracturing technology, it is necessary to conduct research on proppant types,
fracturing fluids, fracture enabling technology, etc. on the basis of shallow coal bed fracturing stimulation
measures.

Key words: deep coal beds, coal-bed methane, hydraulic fracturing, China.

OKCIIEPUMEHTAJIbHOE UCCIIEJOBAHUME ITPUMEHEHU 3ABOIHEHW B
KAPCTOBBIX 'ASOKOHZIEHCATHBIX IIJTACTAX

T'o Tur’, I>n CyHI, I3ans T) yHBQHbZ, Ay l[3;mbd)3ub1

!Southwest Petroleum University (Chengdu, China),

?Research Institute of Exploration and Development, PetroChina Tarim Oilfield Company (Korla, China),
E-mail: winter melon@126.com

B 3amamnom Kurtae na Teppuropum OacceitHa pexku Tapum B OpIOBUKCKHUX OTJIOKEHHUSAX OBLIO
OTKPBITO MHOXXECTBO KAapCTOBBIX Ta30KOHJCHCATHBIX IUIACTOB. MaKCHUMaIbHBIH  KOA(PPHUIHUEHT
M3BJICUCHUS Ta3a M KOHJICHCATa U3 TAaKHX IJIACTOB HANPSIMYIO 3aBHCHUT OT BBIOOpa CTpaTernuy pa3pabOTKH.
ABTOpamMH OBUIO TPOBEACHO JEBATh CEpUH HSKCIEPUMEHTOB C HCIIOJIB30BAHUEM HCKYCCTBEHHBIX
MOJHOPA3MEPHBIX TPEIIMHHO-KABEPHO3HBIX 00pa3loB IMOPOJBI C MENBI0 OLEHKH KO3 QHIMeHTa
M3BJICUEHUS Ta3a U KOHJEHCATa MPH 3aBOJHEHUU U padoTe IUIacTa B peXKUME €CTECTBEHHOTO HCTOLICHHUS.
Pe3ynpraTel MOKa3bIBAIOT, YTO 3aBOAHEHHE II03BOJISICT YBEJIMYNTH KOX(DQUIMEHT u3BICUECHUS
KoHzaeHcata. OOmui KodQQHUUUEHT U3BICUCHHUS YIIIEBOJOPOJOB TPU 3aBOJHEHHUH KAapPCTOBBIX
ra30KOHJICHCATHBIX TUIACTOB BHINIE NP JIABICHHUAX, MPEBBINAIOIINX TOUYKY POCHI, YTO OTIMYAET JaHHBIC
IUTACTHI OT OOBIYHBIX IECUAHHKOB.

KuroueBblie cjioBa: KapCTOBBIC TUIACTHI, TA30KOHJICHCAT, 3aBOJHEHUE, SKCIICPUMEHT Ha peabHOMN
MOJIEJIH IIJ1acTa.

A multitude of karstic paleo-cave gas-condensate reservoirs have been discovered in recent years in
the Ordovician formation in the Tarim Basin in West China. The maximum gas and condensate
recoveries from these reservoirs depend directly on the choice of the development approach. Nine sets of
experiments using artificial full-diameter fractured-cavernous cores have been performed to evaluate
hydrocarbon recovery under conditions of water flooding and natural depletion. The results suggest that
water flooding is more efficient in enhancing condensate recovery. It is found that the overall
hydrocarbon recovery by water flooding of karstic paleo-cave gas-condensate reservoir is higher at higher
pressures above dew point, which distinguishes these reservoirs from the usual sandstone gas-condensate
IeServoirs.

Key words: karstic paleo-cave reservoir, gas condensate, water flooding, physical reservoir
simulation experiment, enhancement of condensate recovery.



PA3PABOTKA BYPOBOI'O PACTBOPA C BBICOKON YCTOMUYMBOCTEIO K KAJIBIIMIO 1
COJISIM

Ju Xoﬁl, Ban }IHZ, Ban ll3yaub3, Jlo ‘Iafcymnuu3
!Chang’an University (Xi’an China),

2Chengdu University of Technology (Chengdu, China),

3Research Institute of Petroleum Exploration and Development, Chuanging Oilfield Company (Chengdu,
China),

E-mail: wangyanwangwang@126.com

[Ipu OypeHUM CIOXKHBIX SIPYCOB, COCTOSIIIMX W3 aHTHAPUTA U COJEH, TPaaUIMOHHBIE OypOBBIC
pPacTBOPHI OBICTPO 3arps3HSIOTCA COMSIMU. B HacTosmel padore npeayioxkeH OypoBOil pacTBOp Ha BOJHOM
OCHOBE C BbICOKOH ycroitunBocThio K comsiMm CaCl, u NaCl. [ns npensoxkeHHOro OypoBOro pacTBopa
OIICHEHBI PEOJIOTHYECKHE CBOMCTBA, MHTUOMPYIOIIAs CIOCOOHOCTh, TEPMOCTOHMKOCTh, COJIECTOMKOCTD,
YCTOMYMBOCTh K KaJbIIMIO U CIHOCOOHOCTh BHIHOCUTH TBepaylo (asy. Kak mokaszamum pe3ynbTarl,
AKCIUTyaTal[MOHHBIE CBOMCTBA pacTBOpa HE H3MEHSIIOTCS B Ipoliecce padoThl, pacTBOp OTJIMYAETCA
BBICOKON YCTOMYUBOCTBIO K 3arPsI3HEHHUIO.

KiroueBbie cjioBa: OypoBOW pacTBOp Ha BOJHOHW OCHOBE, COJICCTOMKOCTh, aHTHJPHT,
PEONIOrUYECKrEe CBOMCTBA.

When complex formations consisting of anhydrite and salt are drilled, conventional drilling fluid
gets readily polluted by anhydrite and salt, leading to reduced fluid performance and increased fluid loss
and viscosity, and even to accidents. In this work, a water-based drilling fluid system with high calcium
and salt tolerance has been developed and its rheological properties, circulating capacity, heat resistance,
salt tolerance, calcium tolerance, and solid phase endurance have been evaluated. The results show that
the performance of this fluid system is stable and its ability to resist pollution is high.

Key words: water-based drilling fluid, calcium tolerance, anhydrite, salt tolerance, rheological
properties, unsaturated saltwater, viscosity reduction.

MOJEJIMPOBAHME ITPOHUKHOBEHW KNCJIOTBI B TPEILLIMHOBATBIN
KAPBOHATHbBIN KOJIJIEKTOP C YYETOM BJIMAHNUA CO, ITPU ITPOBEJIEHU KNUCJIOTHOI'O
I'MJIPOPA3PLIBA IIVNIACTA

Jo ’I.)fcuqbaul, Xoy Boxon', /o Munnu', Ban q.)f(‘?HKyZ, Jlu Hanvuns'
!Southwest Petroleum University (Chengdu, China),

2ChongQing University of Science and Technology (Chongging, China),
E-mail: wangzhengkuwang@126.com

Pazpabotana Tpexdasnas (HedTb, ra3, KUCIOTA) MOJIENIb IPOHUKHOBEHHUSI KUCIOTHI IPH KHUCIOTHOM
rugpopaspsiBe miacta (I'PII), koTopast yauThIBa€T pacCTBOPEHUE MOPObI KUCIOTOM, N3MEHEHUE IITUPUHBI
npUpoAHbIX TpemwnH U BausgHue CO,. Mogenp MO3BOISET TOYHO OINUCHIBATH XapPaKTEPUCTUKU
MPOHUKHOBEHUSI KHUCIOTHl Tpu mnpoBeAeHuH KucaoTHbBIX [PII B TpemmHOBaTHIX KapOOHATHBIX
KOJIJIGKTOpax. Pe3yiabpTarhl HCccieJOBaHUS MTOKA3bIBAIOT, YTO CYIIECTBYET OOJIbIIAs Pa3HULIA B MEXaHU3ME
MIPOHUKHOBEHHUSI KHCIOTHI B KOJUIEKTOPBHl C TPEIIMHHOM M TMOpPOBOM MpoHuIaeMocThio. Kucnora
NPOHUKAeT TIyOOKO B IUIACT, B OCHOBHOM II0 NPUPOAHBIM TpEIIMHAM M TOJBKO 3aTeM IO
MUKpPOTpEIIMHaM U Mo Matpuie. B Oonee MmUpOKUX NPUPOTHBIX TpEUIMHAX KHUCI0oTa Haubosee
MHTEHCUBHO pearupyer C MOPOJOM, YTO NPUBOAUT K JAIbHEHUIIEMY YBEIMYEHUIO IIMPUHBI PUPOAHBIX
TpEIlMH, BO3PACTAHUIO MPOHUIAEMOCTH, YBEIUYMBACTCA KOJIMYECTBO TIIOCTYMAIOUWIEH B TPEIIMHbI
KHCIIOTBI, UTO BeJIET K elle Oosiee ry0oKoMy MPOHUKHOBEHHIO KUCIOTHI B macT. Hannune CO, cHu»kaeT
CKOPOCTb IPOHUKHOBEHMSI KMCIIOTBI, KOTOpasi TEM HUXe, 4eM Bblle KoHueHTpauusa COs.

KiarueBbie caoBa: kucinotHeii ['PII, TtpemmHoBaThie 11acThl, KapOOHATHBINM KOJUIEKTOP,
I/ICKyCCTBeHHIale TpeH_II/IHI:I, JOTUOKCHU yrnepo;[a.



Carbonate reservoirs are generally highly heterogeneous and fractured. In acid hydrofracking, acid
leak-off (infiltration) is particularly serious, which reduces acid efficiency and limits fracture length. As a
result, favorable reservoir away from the wellbore may fail to be connected, leading to poor results after
acid hydrofracking. In this work, a three-phase (oil-gas—acid) model of acid leak-off (infiltration) in acid
hydrofracking of reservoir, which takes account of rock dissolution by acid, change in width of natural
fractures, and effect of CO,, has been developed and a numerical calculation method has been given. The
model allows precise description of the characteristics of acid leak-off in acid-fractured carbonate
reservoirs. The results show that the mechanism of acid infiltration into fractured and porous (permeable)
reservoirs differs widely. The acid penetrates deep into the reservoir essentially via natural fractures and
only thereafter does it permeate through microfissures and matrix. In wide fractures the acid reacts most
vigorously with the rock, leading to further widening of natural fractures and increased infiltration of the
acid into the fractures, which causes deeper penetration of the acid into the fractures. CO, reduces the
acid leak-off rate, which is less, the higher the CO, concentration.

Key words: acid leak-off, acid hydrofracking, fractured reservoirs, carbonate reservoir, acid-rock
reaction, man-made fractures, carbon dioxide.

[IPUMEHEHUE JIA3EPHOI1 ISPI/IOCKOHI/I‘{ECKOIZ BUJEOMUIVIMOCMOMETPUU TTPU
N3MEPEHMAX TEMIIEPATYPHOU AEITPECCHUU B HE®TEITPOAYKTAX

E. B. 3aiiyes

HucturyTt xummdeckon ¢usuku PAH,
E-mail: euzaytsev@mail.ru

OmnuceiBaeTcsi co3iaHue Ha U3BecTHOM Iuatpopme MT-2 mpubopa, COCOOHOTO MOIIEPKUBATH
IVUHAMUYECKHE HaONIOJCHUsT U PETUCTPAlMI0O KHUHETHKH (DU3MKO-XMMHMUYECKHX IPOLIECCOB IpHU
KPUOCKOIIMYECKOW OCMOMETPHM HE(TSHBIX Cpell M MPOIYKTOB HedTenepepadboTKH B aBTOMATHYECKOM
pexume. M3menenust koHCTpykiuun MT-2 cBomaTcs, B 00X YepTax, K BBOJAY JIA3€PHOTO MCTOYHHUKA,
BUJICOTPAPUUECKON CHUCTEMBI CIEKJI-PETUCTPAIMM, IUIaThl OUM(POBKH CUTHAJA CHEKJI-PETHUCTPAlH,
MOJZYJI yIIPABJICHMS IIarOBBIMU JABUTATESIMU U YIPABIAEMON UM PEKOHCTPYMPYEMON MUKPOMEXaHHKH,
KOTOopass Mo ImoaaBaeMbiM 0T OBM curhanam, XapakTep KOTOpBIX pETryJIMpYyeTcs CIELHAIBHO
HalMCaHHBIM IPOrPaMMHBIM O0ECHEUYEHHEM, M3MEHSeT XOJl AHAJIUTHUYECKOW ToJOBKH. B pesynbTare
nepepabotku MT-2 ¢ nudpoBoii ceki-perucTpannei, J1a3epHbIM MOIYJIEM U MUKPOKaMepOl MO3BOJISIET:
OIIpEeNIeNIATh ePeXo K HeoOpaTUMOil arperanun acalbTeHOB, XapaKTEPU3YIOLIUICSI UX OTIOKEHUEM Ha
CTEHKaX M3MEPUTEIbHOM BaHHBI (TOCNE J1eCOPOMpPOBaHMS CMOI); KJIACCH(PHUIMPOBATh HEPTH B pEeKUME
peaTbHOr0 BPEMEHH METOAAMHU CIEKJI-MOP(OMETpUH; HAOII0AaTh U UACHTU(DUIMPOBATE 3MYJIbCHOHHBIE
cBOWCTBa He(TH, BKJIIOYas (POPMUPOBAHUE «BATEPIIAHCHBIX» BKIIOUECHHH M KOAllepBAaTHBIX Karlellb;
IIPOU3BOIUTh PEOJIOTUYECKUN HKCHEPUMEHT € MAJAOLIEH Karuled Impu TepMorpaduyeckoM KOHTPOIIE;
OCYILIECTBIISITh PEOTOHUOMETPUYECKUE HAOMIONEHHS MPU BPALICHUN M3MEPUTENs MIM TOHKOH KIOBETHI;
HaOII0AaTh BOJHOOOpa3HbIE BO3MYILEHHMS Ha TIOBEPXHOCTH Cpelbl MpH NaJEeHUM Kamenb ¢
3amna3/pIBalolel pesakcanue (auccunanueil) u3-3a BI3KOynpyrux CBOMCTB.

KiroueBble ci10Ba: KPUOCKONMYECKAs OCMOMETpPHS, BUICOMHIUIMOCMOMETPHUSI, PEOJIOTHS,
MopdoMeTpus, CIEKI-TEKCTYPbI, TOTOJIOTHSI.

Building on the known platform of MT-2 type of device, which is capable of supporting dynamic
observations and recording of kinetics of physicochemical processes for automatic cryoscopic
examination of oil mediums and oil refining products, is described. Modification of the MT-2 design
leads, in general outlines, to introduction of a laser source, a videographic speckle-recording system, a
speckle-recording signal digitization board, and a stepper motor control module and improved
micromechanics controlled by it, which by computer-delivered signals, the pattern of which is controlled
by a specially developed software, changes the course of the analytical head. As a result of modification,
MT-2 with digital speckle recording, laser module, and microchamber allows: determination of the
transition to irreversible aggregation of asphaltenes, which is characterized by their deposition on the
walls of the measuring bath (after desorption of resins); real-time classification of oil by speckle
morphometry; observation and identification of emulsifying properties of oil, including formation of



water pans inclusions and coacervate drops; conduct of rheological experiment with falling drop under
thermographic control; rheogoniometric observations with rotation of the measuring device or a thin
cuvette; observation of wavy perturbations on the surface of the medium due to falling of drops with
delayed relaxation (dissipation) because of viscoelastic properties.

Key words: cryoscopic examination, video milliosmometry, rheology, morphometry, speckle
textures, topology.

KATAJIMTUYECKOE CBEPXKPUTHUYECKOE BOAHOE OKHUCJIEHUE
HEOTE3AI'PA3HEHHBIX CTOKOB

0o JIuI, Yeno IOxoﬁl, Xe Dar’
'Chongging University of Science and Technology (Chongging, China),

?Research & Development Center of Herb’s Resources Corp. (Chongging, China)
E-mail: chenyihui2013@hotmail.com

HccnenoBana MNPUMEHUMOCTh TEXHOJOTMHM KaTaJIUTHUYECKOTO CBEPXKPUTUYECKOTO BOJHOTO
OKHMCIICHMsI [UId OYUCTKH He(dTe3arps3HEHHBIX CTOYHBIX BOJ. OILIEHEHO BIMSHUE TEMIIEPATYpHI,
MPOJOIDKUTEILHOCTH PEAKLUH, N30BITKA OKUCIIUTEINS Ha CTETIEHb OYUCTKU BOJbI. Vcnonp3oBaHue coineit
Mend, KoOalbTa U MapraHiia B KayecTBE KaTaau3aTopa CIIOCOOCTBYET YBEIMUYEHUIO CKOPOCTH peakLUH U
o0ecrieynBaeT YAOBJIETBOPUTEIIbHYIO CTENEHb OYMCTKM BOABI yxke mpu Temmeparype 380°C. B
npucyrerBur Cu®* JOCTHraeTcss yMEHbIICHHE XHMHUUYECKOi MOTPEOGHOCTH B KHCIOpoAe Gojee ueMm Ha
90%. B uenom, KaTaJUTUYECKOE CBEPXKPUTHUYECKOE OKHCICHHE SBISIETCS OYEHb J(PPEKTUBHON
TEXHOJIOTHEH 0YUCTKU He(Te3arpsA3HEHHBIX CTOKOB OT OPIraHUYECKUX COCIMHEHUH.

KiroueBble €10Ba: KaTAIUTUYECKOE CBEPXKPUTHUECKOE BOJHOE OKHCICHHE, HeTe3arps3HeHHbIC
CTOKH, XMMHYECKask MOTPEOHOCTH B KHCIIOPO/IE, TOMOTCHHBIN KaTaJlu3aTop.

The suitability of catalytic supercritical water oxidation (CSWO) technology for oily wastewater
treatment is investigated. The effect of temperature, reaction time, oxygen excess, etc. on water cleaning
degree is evaluated. Use of Cu2+, Mn2+, and Co*" salts as catalysts accelerates reaction and ensures a
satisfactory level of water cleaning at as low a temperature as 380°C. The chemical oxygen demand
(COD) decreases by more than 90% in the presence of Cu**, Mn®" and Co”" are also fairly effective
wastewater treatment catalysts. On the whole, CSWO is a highly effective process for removing organic
compounds from oily wastewaters.

Key words: catalytic supercritical water oxidation, oily wastewater, chemical oxygen demand,
homogeneous catalyst.

YTUJIU3ALMSA OTPABOTAHHBIX CMA30UYHO-OXJTAXJIAIOIINX XXUIKOCTEN
MEMBPAHHBIMU METOAMU

. JI. @®azynnun, I'. B. Maspun, M. I1. Cokon106
Kasancxkuit (TIpuBoaxckuit) GpeaeparbHbI yHUBEPCUTET,
E-mail: denr3@yandex.ru

[IpoBeneHBI HUCCAEAOBaHUS YTUIIU3AIMHN TPEIBAPUTEIHLHO OYHUIICHHBIX OTPaOOTAHHBIX CMa304HO-
oxnaxnatonmx kuakocred (COX) meMOpaHHBIMH METONaMH, IO pe3yibTaraM dSKCIIEPUMEHTOB
npejioxkeHa TexHonoruyeckas cxema yrwim3anuu COX. TexHonmornueckas cxema Mpeanosiaraet
CIIEYIOIINE CTAANM OYUCTKU: KOAJECICHIHS, ancopOoums, ynbTpaduiabTpanvs, HAHOPUIbTpALUS |
noHHBIM oOMeH. IlepBas cramus mnpenHasHadeHa i mpeaBaputenbHor ouncTtkn COX ot
He(TENPOIYKTOB W B3BEUICHHBIX BEIIECTB IYTEM TOHKOCIOWHOW KOAJIECHEHIIMM Ha MOJIUMEPHBIX
mnactuHax. Ha cragum ynbTpaduibTpalind OCYIIECTBIISETCS OYHCTKAa OT HedTenpoaykToB, [TIAB u
B3BEIICHHBIX BEIIECTB C HCIOIH30BAHMEM KOMITO3UIIMOHHOTO YroJdbHOro copOeHTa. [lomHoe ynmaneHue
HedrenpoaykTos, [TAB, XUPOB M CHIKEHHE MUHEPAIHM3allMA BOJABI JOCTUTACTCS C HCIIOIh30BAaHHEM
PYJIOHHBIX MEMOpPaHHBIX AJIEMEHTOB YIbTPAPMIBTPAIIMN U HAHOPWIETPAINH; HAHOPHUIBTPAT OYHIIAETCS



OT TSDKENBIX METaJUVIOB MOHOOOMEHHBIMH MeMOpaHamu. OuHIleHHas BOJAa IOCIE MOCIETHEH CTaauu
yIIOBJIETBOpSieT TpeOoBaHMsAM K cOpocy B cucreMy KaHanuzanuu. OOmias creneHb OYMCTKH OT
B3BELLICHHBIX BEIIECTB, He(TenpoayKToB, IIAB, *upoB Ha BeIxoje cocTaBisieT 99%.

KuroueBblie cj10Ba: CTOUYHBIC BOABI, IMYJIbCHsI, MeMOpaHa, GUIbTPAIHs, CMa309HO-OXJIAXK TAFOIIIE
JKUIKOCTH.

Utilization of waste lubricating-cooling fluids (LCF) preliminarily cleaned by membrane methods is
investigated and, based on the investigation results, an LCF utilization scheme is proposed. The scheme
includes the following cleaning stages: coalescence, adsorption, ultrafiltration, nanofiltration, and ion
exchange. The first stage is intended for preliminary cleaning of LCF from oil products and suspended
matters by thin-layer coalescence on polymer plates. In the ultrafiltration stage, cleaning from oil
products, surfactants, and suspended matters is done by using composite carbon sorbent. Oil products,
surfactants, fats, etc. are removed completely and the mineral content of water is reduced by using roll
ultra- and nanofiltration membrane elements, and the nanofiltrate is cleaned from heavy metals by ion-
exchange membranes. The cleaned water after the last stage meets the standards of effluent discharge into
the drainage system. The overall degree of cleaning from suspended matters, oil products, surfactants,
fats, etc. at the outlet is 99%.

Key words: wastewaters, emulsion, membrane, filtration, lubricating-cooling fluids.

POJIb ®A30BOI 1 KUHETUYECKOM MOJIEJIEM ITPU MOJIEJIMPOBAHUU
BHYTPUIIACTOBOI'O 'OPEHHMA

. P. Hcaxoel, . K. Hypzaﬂueel, . A. IlIanomuuKoel, P U. Xat[m3031’z, A. A. Mazumosga’

Kasanckuit ([TpuBoaxckuit) peaepasbHbIN YHUBEPCHUTET,
*AABPMeTBEBCKHII TOCYAAPCTBEHHbIN HePTIHON HHCTHTYT,
E-mail: isakovdr@gmail.com

Ha ocHoBe 0030pa 3apy0exHBIX ITYOJHMKAIMNA TMOCIAEAHUX JIET PACCMATPUBAIOTCS OCOOECHHOCTH
MOJICIMPOBAaHMS BHYTPUIUIACTOBOTO TOPEHUS BBICOKOBA3KMX HedTel W mpupoAHbix 6utymoB. Ocoboe
BHUMaHHE YICNIeHO (a30BOH M KUHETHYCCKOH MOJEISIM, TaKK€ PACCMOTPEHBI PaziUuus MPH TOPSHUHU
TSOKENbIX U Jerkux Hedred. ChopMynupoBaHbl MOIXOABI U ONKCAHBI Ba)KHBIE MOMEHTHI, Ha KOTOpBIE
HE00X0MMO 00paTUTh BHUMAHUE MPH COCTABICHUU MOJICIICH.

KiueBble cjoBa: BHYTPUIIACTOBOE TOpeHHE, Tsbkenas HepTh, (Ha3zoBas  MOJEINb,
IICEBIOKOMITOHEHTBI, KHHETUYECKAs MOJIEIb.

Based on a review of recent foreign publications, the special features of simulation of in-situ
combustion of high-viscosity oils and native asphalts are examined. Special attention is focused on phase
and kinetic models, and differences in combustion of heavy and light oils are studied. Approaches are
formulated, and the important factors, to which attention must be turned for building the models, are
described.

Key words: in-situ combustion, heavy oil, phase model, psudocomponents, kinetic model.

MOJIEJIb TIOJIUMEPIUCITEPCHOI'O BO3JIEMCTBUS HA HE®TSIHBIE 3AJIEXU
A. U. Hukud)opoel, T.P 3al<up032, I. A Humu[mpoel

1I/IHCTI/ITyT MexaHuKH 1 MamuHOCTpoeHns KasHIJ PAH,
?Kasancxkuit ([IpuBoaXcKuil) GpepeparbHbIN yHHBEPCUTET,
E-mail: ai_nikifor@yahoo.com

[IpencraBnena HoBas MaTeMaTHuYecKass MOJENb BBITECHEHHMs HE(PTH BOJOW W3 IUIACTOB C
MPUMEHEHHEM TOJMMEPIUCIIEPCHBIX CHCTEM. B OCHOBY moiiojkeHa Kiaccuyeckas MOJENb AByX(a3Hoi
¢buneTparuu  — wmouenb bakmes — JleBeperta. 3aMpIKalolmMe COOTHOIICHUSI TIOJYYEHBI C



UCTOJIb30BaHUEM (DYHKIMIA pactpeaeseHus Iop U YacTHUIl 10 pasMepaMm. B Mozaeny yuyuThIBAIOTCS TaKkue
3G (deKThl, Kak CyXeHHe U OJOKMpOBaHHE MOPOBBIX KaHAJIOB MPU JBMKEHUHM 10 HUM MOJMMEPHBIX
YaCTHI, & TAKXKE MPOLIECCHl MAcCOOOMEHA.

KuroueBble cioBa: ¢uiabTpaiys, MoJIMMep, TUCIEPCHbIE YacTUIbl, (DYHKINS pacipeesieHus mop
1o pa3mepam, (QYHKIHS pacrpeieIeHUs] YaCTUIl IO pa3Mepam.

A new mathematical model of oil displacement with water from reservoirs using polymer disperse
systems is presented. It is based on classical two-phase filtration model, namely, the Buckley—Leverett
model. Closing relationships are obtained by using sizewise pore and particle distribution function. In the
model account is taken of such effects as narrowing and blocking of pore channels due to movement of
polymer particles through it as well as of mass exchange processes.

Key words: reservoir, filtration, polymer, disperse particles, sizewise pore distribution function,
sizewise particle distribution function.

KBAHTOBOXUMHYECKOE NCCIIENOBAHUE MEXAHN3MOB B3AMMO/IENCTBUS
MUKJIOT'EKCUJIOEHWICYJIbOUIA C BOJOU

0. B. JIvicozopckuii, P. M. Amunoea
Kasanckuit (I[TpuBoaKckHil) GeaepasbHbIN yHHBEPCHTET,
E-mail: yura.lysogorskii@gmail.com

PaccMOTpeHbl HEKOTOpBIE BO3MOXKHBIE pEaKIMH HUKIOreKcuiapeHwIcynbpuaa ¢  BOJOM.
Huxnorexkcundenmicynbhun OblT BIOpAaH B KaueCTBE MOJCIBHOTO COCIUHEHHS TSKENBIX He(Tei.
[IpoBeneHbl KBAaHTOBOXMMHYECKHE BBIUYMCICHUS pA3HUIBl SHEPIHMM TNPOJYKTOB U  PEarceHTOB,
SHEPreTUYECKOTr0 Oapbepa peakiMid, TOJydeHa TeMIepaTypHas 3aBHCHMOCTh HM3MEHECHHUS DHEPTrUU
I'n66ca. YcraHOBIEHO, YTO JaHHbBIC, IOJYyYCHHbIE METOJOM TEOPHH (PYHKIMOHANA IUIOTHOCTH,
COTJIACYIOTCSl C OKCIEPUMEHTAIBFHBIMU JIaHHBIMH M MOTYT OBITh HCIIOJIB30BaHBI ISl JTabHEHIIEro
JeTaTbHOTO U3YUYECHUSI MEXaHU3MOB PEAaKIIMI aKBaTEPMOJIN3a, B TOM YHCJIE KATATUTUIECKUX 3(D(HEKTOB.

KuroueBble cjioBa: akBaTepMOIN3, TsDKeIast HEPTh, TeOpus GyHKIIMOHANA MIJIOTHOCTH.

Some possible reactions of cyclohexylphenyl sulfide with water are examined. Cyclohexylphenyl
sulfide was chosen as a model compound of heavy oils. Quantum-chemical calculations of the difference
in the energy of the products and reagents and the energy barrier of the reactions are performed and the
temperature dependence of the Gibbs energy variation is determined. It is shown that the data obtained
using the theory of density functional agree with the experimental data and could be used for more
detailed study of the mechanisms of aquathermolysis reactions, including catalytic effects.

Key words: aquathermolysis, heavy oil, theory of density functional, Gibbs energy.

COCTAB HE®TEM KAPBOHATHBIX KOJIJIEKTOPOB B 30HAX COBPEMEHHBIX U
JPEBHUX BOAOHE®TAHbLIX KOHTAKTOB

I 11 Kamxoeal’z, B. II. Mop03032, P. P Hcmmoeaz, D. D. Hocoeaz, HU. H. Hﬂomuuxoeaz,
C. M. Hempoez, A. B. Baxun’

"MucturyT opraHmdeckoil u ¢usmdeckort xumuu uM. A. E. Apbysosa Kasanckoro HaydHoro neHrpa
Poccuiickoit akapeMHU HayK,

?Kasancxkuit ([IpuBoaXcKuil) GpepeparbHbIN yHHBEPCUTET,
E-mail: kayukova@iopc.ru

C npumeHeHHEM KOMILIEKCa (PU3MKO-XMMHUYECKUX METOJIOB: JIEMEHTHOIO aHAIM3a, *KHUJIKOCTHO-
azicopOLIMOHHOI XpomaTorpaduu, razoBoi xpomarorpaduu, UK-cnexrpockonuu u cnekrpockonuu 1P
BBISIBJICHBl Pa3IM4Msl B COCTaBE TSKENOW He(TH U3 30H JPEBHUX M COBPEMEHHBIX BOJOHE(DTAHBIX
koHTakToB (BHK) M mpoayKkTHBHBIX MiacToB KapOOHATHBIX KOJJIEKTOPOB OTJIOXKEHUH OAIIKHMPCKOTO U



TYpPHEUCKOro sipycoB Teppuropun Tarapcrana. IIpsimas cBA3b cocTaBa yIJIEBOJOPOJAOB C BTOPUYHBIMU
U3MEHEHUSIMU KOJUICKTOPOB M UX (DUIBTPALlMOHHO-EMKOCTHBIMHM CBOMCTBaMHU OTCYTCTBYeT. B 30Hax
npesaux BHK, xapakrepusylommxcsi HaJIW4YMeM TPOJYKTOB  OMOXMMHUYECKOW  Jerpajalnuu
BBICOKOMOJIEKYJIIPHBIX KOMIIOHEHTOB OCTaTOYHOW HE(TH, YCTAHOBJIEHBI NPU3HAKU TMOATOKA JIETKHX
YIIEBOAOPOAOB. OTO JAeT OCHOBAaHUE IIoJlaraTb, YTO YKa3aHHbBIE 30HBI SBISIOTCA HE TOJBKO
¢bmron10ynopaMu, HoO ¥ MUTPAllMOHHBIMU KaHaJIaMHU JUI MEXIUIACTOBBIX MEPETOKOB YIII€BOJOPOJOB MPHU
(dbopMHpOBaHNHU U pa3pabOTKe HEPTIHBIX 3aTEKEH.

KiroueBblie ciioBa: kapOOHATHBIC KOJIJIEKTOPHI, TSKenast HEPTh, 30HbI BOJIOHE(PTIHBIX KOHTAKTOB,
r€0JI0r0-TUTOJIOTHYECKHE CBOMCTBA, (PUIBTPALIMOHHO-EMKOCTHBIE CBOWCTBA.

Differences in composition of heavy oils from ancient and current water—oil contact (WOC) zones
of productive strata of carbonate reservoirs of deposits of Bashkir and Turnei (Tatarstan) stages are
discerned, applying a host of physicochemical methods, namely, elemental analysis, liquid-adsorption
chromatography, gas chromatography, IR spectroscopy, and EPR spectroscopy. There is no direct
connection of the composition of the hydrocarbons with the secondary changes of the reservoirs and their
filtration-capacity parameters. Signs of seepage of light hydrocarbons are detected in the ancient WOC
contact zones characterized by the presence of products of biochemical degradation of high-molecular
components of residual oil. This provides a basis for suggesting that these zones are not only fluid-
supports, but also migrating channels for interstratal seepages of hydrocarbons during formation and
development of oil reservoirs.

Key words: carbonate reservoirs, heavy oil, water—oil contact zones, geological-lithological
properties, filtration-capacity parameters.

M3MEHEHUE MATHUTHbBIX CBOMCTB ITOPOJ] PE3EPBYAPA B ITPOLIECCE
BHYTPUIUIACTOBOI'O 'OPEHUA HE®TU

. M. Ky3una, /I. K. Hypzanues, B. Il. Mopo3os, A. A. Eckun, 3. B. Ymemos

Kasancxkuit (TIpuBoaXxckuit) GpeAeparbHbI yHHBEPCUTET,
E-mail: di.gilmanova@gmail.com

Ha ocHOBe TepMOMarHMTHOTO U TEPMHUYECKOTO aHAJIM30B 00pa3loB MOPOJ U3 3aJeKel MEePMCKUX
OUTYMOB TIOKa3aH XapaKTep W3MEHEHHsI HAMAarHWYEHHOCTH TIOPO/] pH HarpeBax. [Ipu HarpeBanuu kepHa
MOXKET TIPOUCXOIUTh 3HAUMUTEIbHOE YBEIMYCHHE HAaMarHMYEHHOCTH 3a CYeT MpeoOpa3oBaHUs
KEe30CoIepKAIllUX MHHEPAJIOB, B OCHOBHOM B MarHeTuT. B kuHeTnke (popMupoBaHHS MarHeTurta B
MOPO/IaX OCHOBHYIO POJIb UTPAIOT MPOLECCHl OKUCICHUS JIETKUX M TSAXKENbIX YIJIEBOAOPOJOB, KOTOpHIE
ONPEACIAIOT M TEMIEPATypPy, U OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE YCIOBUs. OlEHEHa BO3MOKHOCTb
WCIOJIb30BaHUS HA3€MHBIX MarHUTHBIX CHEMOK JUJISi KOHTPOJIS MOJIOKEHUsl (POHTAa BHYTPHUILUIACTOBOTO
TOpPEHMUSL.

KutoueBble cjioBa: mpUpOAHbI OUTYM, QPOHT BHYTPHUILJIACTOBOTO TOPEHUs, MAarHETHU3M TOPHBIX
MOPO/JI, MAarHETHT.

The pattern of change in rock magnetization degree on heating is shown, based on thermomagnetic
and thermal analysis of rock samples from Permian asphalt deposits. On heating of core samples, the
magnetization degree may increase significantly due to conversion of iron-bearing minerals essentially to
magnetite. In the kinetics of magnetite formation in rocks, the main players are processes of oxidation of
light and heavy hydrocarbons, which determine both temperature and redox conditions. The feasibility of
using ground magnetic mapping for monitoring the state of the in-situ combustion front is assessed.

Key words: native asphalt, in-situ combustion front, rock magnetism, magnetite.

UCCJIEAOBAHUE PEOJIOTMYECKHX CBOMCTB ITPOJIYKTOB TEPMUYECKOM
OBPABOTKH BUTYMHWHO3HON HE®THU B ITPUCYTCTBUU IIOPOJOOBPA3YIOUINX
MUHEPAJIOB



C. M. Hempoel’z, AU U A6()eﬂcaﬂaM2, A. B. Baxuul, JI. P. Baﬁﬁekoeaz, I II Katoxoeal’3,
3. A. Kapaﬂuuz

Kasanckuit ([TpuBosxckuil) peaepasbHbIN YHUBEPCHUTET,
*KasaHCKHIT HALJHOHAABHBII HCCAEAOBATEAbCKUI TEXHOAOTUYECKUI yHUBEPCHUTET,

‘Uucturyr opranmdeckon u ¢usmdeckoin xumuu uMm. A. E. Apbysosa Kasauckoro HaydHoro meHrpa
Poccuiickoit akapeMHU HayK,

E-mail: psergeim@rambler.ru

HccnenoBanbl OCOOEHHOCTH TEPMHUYECKOH 00pabOTKM CBEpXBsS3KOW HE(PTH B NPUCYTCTBUU
MPUPOJHBIX KaTaIU3aTOPOB (KapOOHATHON MOPOIBI, OKCHAA ATIOMHUHHUSA) U KapOOHOBOW KHCIIOTHI TPH
temneparypax 290-360°C u naBnenusix 1-1,4 MIla. AHanu3 KOMIIOHEHTHOTO COCTaBa peoOpa3oBaHHON
He()TH CBUIETENBCTBYET O MPEBATMPOBAHUN PEAKLUH MMOJIMKOHAECHCAIMY HAJl peakuusaMHu KpekuHra. Ilo
naHHbIM MK-criekTpockonuu, MTPORYKTHl MO CPaBHEHUIO C HCXOAHOM HE(PTHIO XapaKTepHU3yIOTCs
MOHMKEHHBIM COJEp>KaHUEM DPA3BETBIEHHBIX CTPYKTYp M Cyinb(okcuaHbix rpynm. IIpeoGpa3oBaHHbIE
00pa3ubl HehTH Pa3TUYAIOTCS TEMIIEPATYPOH, PH KOTOPOH MPOUCXOIUT MOBBILICHUE HHIEKCA aHOMAIIUU
BA3KOCTH OoJiee ueM B 2 pa3a. BA3KocTh MpoykTa MpeBpalleHnss MOXKET OBITh BBIIIE WM HIDKE, YEM Y
UCXOJHOM He(TH, U OMpeaessieTcss TEMIIepaTypoil mpoiuecca U TUIIOM MUHEPAIbHON KaTaaUTUYECKON
T00aBKU.

KiroueBble cioBa: OuTymMHHO3Has He(Th, KapOOHATHAs MOPOJA, OKCHUJ ATIOMHHHUSA, KapOOHOBas
KHCJIOTA, KPEKUHT, TApOTEIIOBOE BO3/ICHCTBUE, PEOJIOTHYECKIE KPUBBIE.

The mechanisms of heat treatment of superviscous oil in the presence of naturally occurring
catalysts (carbonate rock, alumina, etc.) and carboxylic acid at 290-360°C and 1-1.4 MPa pressure are
studied. Analysis of the component composition of the transformed oil indicates predominance of
polycondensation reactions over cracking reactions. Based on IR spectroscopic data, the products are
characterized, vis-a-vis the original oil, by reduced content of branched structures and sulfoxide groups.
The transformed oil samples differ in the temperature at which the viscosity anomaly index increases by
more than twofold. The viscosity of the conversion product can be higher or lower than that of the
original oil, depending on the process temperature and the type of the mineral catalytic additive.

Key words: asphaltic oil, carbonate rock, alumina, carboxylic acid, cracking, steam-thermal action,
rheological curves.

TEPMUYECKUI AHAJIU3 U KAJIOPUMETPHS CTOPAHMSA TUPOJIM3HOTO JIMTHUHA
JPEBECHHBI U ITPOAYKTOB EI'O ITMPOJIN3A

M. A. Bapd)wlomeeel, A. H. I paqeez, A. A. Maxapoez, C. A. 3a6em<uu2, B. H. EM(ZJIbﬂHeHKoI,
T. P Mycuul, A. B. T' epacumoel, . K. Hypzaﬂueel

"Kazanckuit (ITpuBoaxckuit) pepeparbHbIit yHUBEpPCHTET,
*Ka3aHCKMil HalJHOHAABHBII HCCAEAOBATEABCKUI TEXHOAOINYECKUI YHUBEPCHUTET,
E-mail: mikhail.varfolomeev@kpfu.ru

N3ydeHo TepmMuyecKoe pasfioKEHUE THAPOIU3HOTO JUTHUHA B TeMnepaTypHoM uHTepBasie 300—
700°C B cpene mHepTHOro rasza. OmpeneneH BBIXOJA TBEPIBIX, KUIKAX W Ta3000pa3HbIX MPOTYKTOB
pasznokeHus. MeToJIoM KaJOpUMETPUH CTOpaHWsl II0Ka3aHO, YTO HaWOOJbIIEH TEeIIOTBOPHOM
CIOCOOHOCTBIO OTJIMYACTCS YIIIUCTHIA OCTaTOK MUPOJIH3a JUTHUHA. TerIoTBOpHAs CIIOCOOHOCTH CMOJIHI,
oOpasyromieiicss B X0/ie MUPOJIN3a, BBILIE, YEM y UCXOJHOrO JIMTHHHA. METOoIOM TepMOIpaBUMETPUHU U
muddepeHIManbHON CKaHUPYIOUIEH KaJOPUMETPHH C MacC-CIEKTPOMETPHUYECKUM JIETEKTHPOBAHUEM
ra3oB yCTAHOBJICHO, YTO JIMTHUH U MPOIYKTHI €r0 TepMOOOPAOOTKH MOTYT OBITH MOABEPIHYTHI TEPMOIH3Y
C BBIJICJIEHUEM pa3IMUHBIX JIETyYHX cOeIuHEHMH. Temreparypa Hadana TEPMHUUYECKOIO Pa3joXKeHUs BO
BCEX CIydasx mpuMmepHo onumHakoBa u cocrtaBister 320°C. Ilotepst macchl oOpa3lamMu yBEIMUUBAETCS B
psy: YIIIUCTBIM OCTAaTOK < JIMTHUH < KHUJAKast QpaKiiusl.

KiaroueBble cjI0Ba: JIMTHUH, MUPOJU3, KAJOPUMETPHUS CTOpPaHHS, TEPMOTPABUMETPUS,
muddepeHnranbHas CKaHUPYOIIask KaJJOPUMETPHs, TEMJIOTBOPHAs CITOCOOHOCTb.



Thermal decomposition of hydrolyzed lignin is studied in the 300-700°C range in an inert gas
atmosphere. The yield of solid, liquid, and gaseous decomposition products are determined. It is
demonstrated by combustion calorimetry that the carbonaceous residue of lignin pyrolysis has the highest
calorific value. The calorific value of the carbonaceous residue of pyrolysis resin is higher than that of the
original lignin. It is shown by thermogravimetry and differential scanning calorimetry with mass
spectrometric detection of gases that lignin and its thermal decomposition products could be submitted to
thermolysis with formation of various volatile compounds. Thermal decomposition starts at roughly the
same temperature and is 320°C. The loss of sample mass increases in the following sequence:
carbonaceous residue < lignin < liquid fraction.

Key words: lignin, pyrolysis, combustion calorimetry, thermogravimetry, differential scanning
calorimetry, calorific value.



