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I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFb! XUMUS FBUIBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mylieci (ITexun, Keitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
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[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© J.A. Ismailova®”, A.R. Khussainova?, Luis E. Zerpa®, D.N. Delikesheval,
A.A. Ismailov?, 2023
!SatbayevUniversity, Almaty, Kazakhstan;
2Polytechnic University of Turin, Turin, Italy;
3Colorado School of Mines, Golden, USA;
“Kazakh — British Technical University, Almaty, Kazakhstan.
E-mail: j.ismailova@satbayev.university

A NEW PREDICTIVE THERMODYNAMIC MODEL OF PARAFFIN
FORMATION WITH THE CALCULATION OF THE MATHEMATICAL
ORIGIN OF THE POYNTING CORRECTION FACTOR

Ismailova J.A. — PhD, associate professor, Department of “Petroleum Engineering”, Satbayev University,
Almaty, Kazakhstan

E-mail: j.ismailova@satbayev.university, https://orcid.org/0000-0002-7680-7084;

Khussainova A.R. — MSc student, Department of “Petroleum and mining engineering”, Politecnico di
Torino, Turin, Italy

E-mail: alfiya.khussainova@gmail.com, https://orcid.org/0000-0001-6115-3017;

Luis E. Zerpa — associate-professor, Department of “Petroleum Engineering”, Director of the Center for
rock & fluid multiphysics, Colorado School of Mines, Golden, USA

E-mail: Izerpa@mines.edu, https://orcid.org/0000-0003-3211-2704;

Delikesheva D.N. — lecturer, Department of ‘“Petroleum Engineering”, Satbayev University, Almaty,
Kazakhstan

E-mail: d.delikesheva@satbayev.university, https://orcid.org/0000-0001-5442-4763;

Ismailov A.A. — Professor, Candidate of Technical Sciences, Dean of the School of engineering and
petroleum industry, Kazakh-British Technical University, Almaty, Kazakhstan

E-mail: a.ismailov(@kbtu.kz, https://orcid.org/0000-0002-1957-5168.

Abstract. One of the major and big problems of the oil industry is the deposition
and crystallization of paraffin. This process can appear at any point in the design of the
production process. Wax precipitation is a thermodynamically controlled process that
leads to an increase in the viscosity of the oil mixture, a decrease in the internal diameter
of wells and pipelines. Wax appearance temperature (WAT) is one of the important
characteristics of the wax deposition process. To manage this procedure, it is required
to mathematically accurately forecast the temperature at which the wax possibly
could appear, to analyze the phase equilibrium of the system. This article discusses
the development of a thermodynamic theoretical model for calculating the paraffin
precipitation, using a mathematical approach and experimental data. To consider the
issue of phase equilibrium, the fugacity parameter of the pure component is analyzed.
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This article shows the Poynting correction factor, which is expressed as a function of
fugacity at certain pressures and temperatures and fugacity at saturation. This aspect
allows one to analyze the phase state of the system at high pressures. One of the important
indicators that affects the behavior of wax deposition in the oil mixture is the melting
point temperature. This paper presents the correlation of melting temperature, which
is characterized by dependence on pressure and molecular weight of the components.
Using this theoretical model, the calculation of the Poynting Correction factor, accurately
predicts the wax appearance temperature as well as the weight of deposited wax.

Keywords: Poynting correction, phase behavior, temperature, pressure, fugacity

Acknowledgements. This research was prepared upon the project "Development of
PVT model for prediction of wax precipitation" AP09058452, within the framework
of the competition is held on grant financing of fundamental and applied research
young scientists on scientific and (or) scientific and technical projects for 2021-2023 by
Ministry of Education and Science of the Republic of Kazakhstan.
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AnHoTanuss. MyHall eHepKaciOiHIH HeTi3rl jkoHe ©3eKTi MacenelepiHiH Oipi
napadUHHIH TYHYBI J)KOHE KpHCTalAaHybl Oonbill Tabbuianel. By mponecc eHnipic
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MPOIIECiH jk00anayablH Ke3 KellreH HyKTecinze naiaa 6omysl MyMKiH. [lapadun TyHysI
— MyHail KOCHACHIHBIH TYTKBIPJIBIFBIHBIH KOFapblUIayblHa, YHFBIMalapAblH >KOHE
KYObIpIapabplH AUaMETPiHIH KilllipeyiHe oKeNeTiH TePMOIUHAMUKAIBIK 0aCKapbUIaThIH
npouecc. [lapadunnin naiina 6oy Temmneparypacsl mapaduH TYHY IpOLECiHiH MaHbI3IbI
cUmaTTaMasIapbIHbIH Oipi Oombin Tabbuiaabl. by mponecti 6ackapy yiuiH napaduHHIH
naiina 6oy TemmepaTypachlH MaTeMaTHKalbIK A9 OoJpKay, KYHeHiH (a3anblk Terne-
TEHJIrH Tajnay KakeT. byl Makanmajga MaTeMaTHUKaIbIK TOCUII JKOHE TKIpUOETiK
JepeKTepli MaijaiaHa oOTHIPBIN, nNapaduH TY3UIyOiH OODKaMBIH —€CenTeydiH
TEPMOANHAMHKAJIBIK TEOPUSIIBIK MOACTIH )Kacay KapacThIpbuiaabl. Da3anbik Tene-TeH ik
MOceJIeCiH KapacThIpy YIIiH Ta3a Kypamaac OeJiKTiH eTIMAUIIK napaMeTpi TalJaHabl.
Byn makanana Genrimi Oip KbIChIMIAp MEH TeMIIepaTypajapAarblyIIbIMIBLIIBIK JKOHE
KaHBIFY Ke3iHJAer! YIIBIMABUIBIK (PyHKIMACH peTiHne kepcerinred [IoWHTHHT Ty3eTyi
KapacThIpbUIaAbl. byl achekT >koraphl KbICBIMAA JKYHEHIH (a3zanblK KYHiH Tangayra
MYMKIHIIK Oepeni. MyHall KocmacelHAarbl HapauH TYHY OpEKETiHE acep ETeTiH
MaHBI3Abl KepceTKimTepain Oipi Oanky Temmeparypackl Oomibin TaObuianel. by
Makanaga KbICBIM MEH KOMIOHEHTTEpAIH MOJEKYJIalbIK calMarblHa ToyeAiTiriMexH
CHUIMaTTajaThlH 0ajJKy TeMIIepaTypachlHbIH Koppesuusicel OepinreH. Ochl TEOPHSIBIK
Mozenb1 naaanansil, [IoMHTHHT Ty3eTy Mep3iMiH ecentey, napauHHiH naiiaa 6omy
TEeMIIepaTypachlH, COHaN-aK TYHBUIFaH NapauHHIH caIMarblH 197 00K IbL.

Tyiiin ce3nep: [loWHTHHT Ty3eTy Mep3iMi, (hazanbIK MiHE3-KYJIBIK, TEMIIEpaTypachl,
KBICBIM, KYOBITMAaITbIIBIK
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AnHotamus. OIHOW U3 KPYIHBIX U aKTyalbHBIX HPOOIeM HEe(PTSIHOW WHIyCTPUH
SIBIIICTCSL OCaXJICHUE W KpHUCcTauiM3anus mapaduHa. JlaHHBIA mpoiecc MOXKeT
MOSIBUTbCA B JIIOOOM TOYKE MPOEKTHPOBaHMA Tporecca A00brau. OcaxaeHue
napaduHa — 3TO TEPMOAMHAMUYIECKH KOHTPOJIMPYEMBIH TPOIIECC, KOTOPBIA MPHUBOANT
K YBEIMYCHHIO BA3KOCTH HE(PTAHON CMecH, YMEHBIICHHIO auaMeTpa CKBAXHH W
TpyOOnpoBoaoB. Temrieparypa TOsBICHUs mNapaduHa SBISETCS OMHOM M3 BaKHBIX
XapaKTEPUCTUK Tpollecca OCakIeHUs mapaduna. J[Js KOHTpOIs JaHHOrO mpolecca
HEOOXOOMMO MaTeMaTH4ecKH TOYHO NPOTHO3UPOBATh TEMIEparypy IMOSBICHHS
napaduHa, aHanu3upoBarh (a30BOC paBHOBECHE CHCTeMbl. B JaHHO#M cTarbhe
paccmarpuBaeTcss pa3paboTKa TEPMOAMHAMHUYECKON TEOPEeTHYECKOW MOMASTH st
pacuera TpoTrHO3a BHIMAJACHUS NapaduHa, MPH KCIOIB30BAaHUH MaTeMaTHIEeCKOTO
MOJX0Jla W OSKCIEPUMEHTANBHBIX JaHHBIX. [l paccMoTpeHus Borpoca ¢Ha3oBOro
paBHOBECHs aHATU3UPYETCs MapaMeTp JEeTYy4ecTH YUCTOro KOMIOHeHTa. B nmaHHOM
cTaTbe 3arparumBaeTcsi mompaBka [loMHTHHTA, KOTOpas BBIpAXKaeTcsl B 3aBHCHUMOCTH
JICTYYCCTH IIpU OIPCACICHHBIX 3HAYCHUAX MABJICHUSA W TEMIICPATYPbl U JICTYUYECTU
IIpH HachIleHNH. [laHHBIN acleKT MO3BOJNSET aHaIM3UpOBaTh (pasoBoe COCTOSHWE
CUCTEMBI TP BBICOKMX 3HadeHHWAX aapieHus. OOHHM W3 BaXKHBIX TIOKa3aTeleH,
KOTOPBIN BJIMSCT Ha MOBEACHUE OCaXIeHUS napaduHa B HETIHOW CMECH SIBISIETCS
TeMIepaTrypa miasieHus. B ganHoi paboTe mpeacTaBieHa KOPPEISLHs TeMIIEPaTyphl
IIJIaBJICHU, KOTOpasd XapaKTCPU3YCTCA 3aBUCUMOCTBIO OT JaBJICHHUA U MOJICKy.]]HpHOﬁ
Macchl KOMIIOHEHTOB. Mcronb30BaHHWE JaHHOW TEOPETHYECKONM MOJENH, pacyeTa
ITonpaBoyHoro uneHa IloMHTHHra MO3BOJSIET TOYHO NMPOTHO3UPOBATH TEMIEPATYPY
TOSIBIIEHUS MTapaduHa, a TaKkKe BEC OCAKICHHOTO rapaduHa.

KamoueBnie cioBa: momnpaBka [loiiHTHHTa, (pa3oBoe MOBEACHUE, TEMIIEparypa,
JIaBJIEHUE, JIETY4eCTh

Introduction

At the main stages of oil field exploration, from extraction, transportation and
processing of the oil mixture, high pressure and temperature changes are observed.
These facts are one of the reasons for the paraffin formation deposits. Paraffins are high
molecular weight compounds that are a big problem in the oil industry. To manage this
procedure, it is obligatory to analyze the behavior of wax under various thermodynamic
conditions. To clear up this issue, it is needed to forecast the deposition of wax, taking
into account the pressure increase and the temperature at which wax could start to
precipitate.

Thermodynamic equilibrium refers to the condition of the equality within the
chemical potentials or in another words fugacity.
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Result and discussions
Normally, the computation of fugacity from such thermodynamic potentials is
awkward, and for other substances in the condensed phase, such a potential may be
absorbed (Ghanaei et al., 2007). A convenient alternative is to start with the fugacity of
pure components at saturation pressure, which usually differs by only small correction
from the readily available vapor pressure of the pure component , where - the fugacity
coefficient at saturation (for ideal gas is equal to 1, for low and moderate pressure is
typically slightly less than 1) (Reza Dalirsefat et al., 2007). Thereby the needed value
are:
B fipure(T‘P)
P = fipure(T,Psat)

(D
P — Poynting correction (Allan H. Harvey, 2017).

Basic idea is that we calculate the fugacity of a compressed liquid or say a solid.

For a system that is at a pressure greater than saturation at a given temperature, so
if we think about compressed liquid, if we are at the same temperature, on the same
isotherm but at pressure greater than saturation for that given T right compressed liquid
we could do the same thing for a solid.

The mathematical origin of the Poynting correction

C — compressed phase.

Fugacity at some given temperature and pressure.

InFe(T,p) (2)

Add 0, so if we calculate logF€ that’s equivalent to:

VlnFC=lnFC+(lnFS“t—lnFS“t) 3)

First term - state at the same temperature, but at the corresponding saturation
pressure (T, P),
=InF5% 4+ (InF¢ — In F5a%) 4)

At constant T
For an isothermal process the differential logF is equivalent to the differential of our
dimensionless molar Gibbs free energy. Const T — DT is zero.

G 14
dInF =d (=) =—~dp (5)
P « Psat
JpsardInF =InFC —InF = [7 . —dp (6)
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or,

InF¢ =lnFsat+[[fPiat%dp}] (7

Last term is the Poynting correction (Nichita et al., 1999). It’s just the change in the
log fugacity and going from P to P at the same T.

F¢ PV
In—2 = Jpsat o7 @D )

F¢ — fugacity of compressed phase

FC P vV
Fsat fpsat RT dp )

Fe = P [oxp [ [ ] (10)

PV
[[exp [fpsafﬁdp“]‘, again Poynting correction, is it change in log fugacity going
from saturation to compressed phase.
Or you can represent this equation (9) in the form:

L.p_psat
f (platpsat xpVi (PR:1 ) (11)
To analyze the significance of the Poynting factor in calculations, we can consider
the case — the gamma/phi formulation of VLE (vapor-liquid equilibria).
To determine the activity coefficient in the liquid phase we use:

ft = xif! (12)
The foundation for VLE equations represents for equilibrium:
fr=fl=f" (13)
=1 (14)
f¥ = olnP 15)
YiplP = xiyif} (16)

We can transform this equation into a working formula:

f _(psatpsat p@ (17)
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As an example, in this article, the correction factor computation was carried out
at different pressures. For example, the following values were taken: 0.17 MPa, 0.36
MPa and 0.57 MPa. If we consider the relationship between the correction factor and
pressure, then this correlation is represented by a linear function.

The given model does not use adaptable variables; the theoretical or ideal model was
also observed in the research. The principal computations are built on thermodynamic
wax sedimentation modeling surveys to outline the response of the solid and liquid
phases (Lira-Galeana et al., 1996).

Fusion temperature values depend on pressure. By analyzing of literary sources on
this topic, a relationship is observed between the parameters of pressure and melting
temperature. Based on the data, we study the correlation to describe the behavior of the
melting temperature at different pressures. When analyzing this aspect, the dependence
of melting properties on pressure and molecular weight of the component is observed.
Applying the theoretical approach of the Wilson and the calculated previously correction
term, we could obtain an algorithm for forecasting the wax sedimentation at different
pressure conditions.

Phase behavior calculations using cubic equation of state to predict of reservoir fluid
require components characteristics such as (1) critical pressure, (2) critical temperature,
(3) acentric factor, (4) binary interaction parameters (Won, 1986). Separation techniques
including gas chromatography and distillation are not to identify all components in
mixture, particularly, heavier than C_,. These components are grouped in Heptane-plus
fraction and next calculations are performed to simulate C, characterization.

For correlation computation, it is needed to take components which molecular weights
are higher than heptane. Then obtained correlation was used for entire calculations.

Using the Poynting Correction Factor, calculations of the multisolid model were
carried out, as well as modifications of the melting temperature correlations.

The correlation modification algorithm is presented below:

* Based on the results of the experiment, calculations were made to determine the
results of the melting points of each component.

* A program was written in the Python programming language to determine the
correlation coefficients in order to improve the accuracy of the calculations.

* A test of the calculation results was carried out using the modified correlation.

Thus, the modified correlation (2023) for kazakhstan field X is as follows:

T/ = 101,82154 + 0,02617 * M; — 20172/M; (18)

The dependence of the melting point T, on the molecular weight of the component
Mi is shown in the graph below for components from C, hexane to C,, Hexatriacontane
for X and Y fields.
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Melting Temperature vs Mol. weight
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Fig. 1 - Dependence of the melting point Tf on the molecular weight of the component Mi

To obtain the necessary calculation data, samples of two different oils from the
X and Y fields were taken; laboratory experiments were carried out to determine the
component composition of oil necessary for the implementation of the subsequent
tasks of the project from C, to C,_, splitting of components. And also, the physical and
chemical properties of the surface oil sample, necessary for calculating the multi-solid
solution model, as well as the melting and transition temperatures to the solid state.

As a result, the proposed correlation gives an accuracy of 7% compared to Won's
(1986) correlation for the X and Y fields.

According to the article (Pan, H, Firoozabadi et al., 1997), it was experimentally
established that only heavy hydrocarbons from C , to C, and above are present in the
precipitated paraffin.

To refine the results for Pentadecane C H,, to Eicosane C, H,,, the correlation was
recalculated using the Python programming language and plotted, which showed an
accuracy of 11% for the six components compared to Won's (1986) correlation.

T/ = 99,833 + 0,02617 * M; — 20172/M; (20)
The calculation results are presented in tables 4 and 5.

Table 4 — Melting point modification results (Pentadecane — Eicosane)

. Experimental Correlation Correlation
Components | Mol. Weight (%) | Molar mass (lite]iature) data | Results (Won) Results (2021)
Pentadecane |3.439 212.42 10 12.5 10.43
Hexadecane |2.878 226.41 18.1 19.8 16.66
Heptadecane |2.791 240.471 21.9 23.90775 22.24
Octadecane | 2.833 254.494 28.1 29.4 27.23
Nonadecane |2.707 268.518 32 33 31.73
Eicosane 3.439 212.42 36.6 34 35.83

103



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Melting Temp. vs Mol. Weight for C15-C20
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Fig. 2 — Melting point versus molecular weight for 6 components
Table 5 — Results of modification of the melting point
. Correlation Correlation
Component Weight, % | Molar mass | Reference data | Results (Won,
1986) Results (2021)

Hexane 0,984 86,18 -95 -135,286| -129,897654
Heptane 1,56 100,2 91 -97,6|  -96,9134560
Methylcyclohexane 0,632 98,18 -101,27| -101,1012375
Toluene 0,195 92,14 -115,112| -114,7199234
Octane 2,346 114,23 -70,2 72,75 -71,6998721
Nonane 2,502 128,2 -54 -52,7| -52,09982172
Decane 2,666 142,28 -30 -36,5| -36,30156389
Undecane 2,605 156,31 -26 -23,8| -23,09983625
Dodecane 2,649 170,32 -10 -13,3698 | -12,20982645
Tridecane 3,072 184,37 -5,5 -4,1564| -2,69987654
Tetradecane 2914 198,39 5,8 6,00087 | 5,298376354
Pentadecane 3,439 212,42 10 12,7 12,398746531
Hexadecane 2,878 226,41 18,1 19,9 18,701123456
Heptadecane 2,791 240,471 21,9 23,8734 | 24,312209879
Octadecane 2,833 254,494 28,1 29,7| 29,199845321
Nonadecane 2,707 268,518 32 35| 33,812765864
Eicosane 2,465 282,5475 36,6 337| 37,908712389
Heneicosane 2,456 296,57 40,2 42,2835 41,49912875
Docosane 2,107 310,6027 44 49,57344 | 45,17456448
Tricosane 2,861 324,6 47,5 49,7986 | 48,07896433
Tetracosane 2,574 338,66 50,6 51,85687| 51,00981247
Pentacosane 2,718 352,69 53,5 55,8734 | 53,90012987
Hexacosane 2,882 366,71 56,3 58,22455| 56,38754320
Heptacosane 3,084 380,74 58,8 59,39987 | 58,90012976
Octacosane 2,925 394,77 61,2 61,6554| 61,12009563
Nonacosane 3,272 408,6 63,7 63,79965 | 63,00981754
Triacontane 3,308 422,82 65,4 69,79954 |  65,29844032
Hentriacontane 3,216 436,85 67,9 68,65432 67,11763943
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Dotriacontane 3,099 450,86 69,7 69,98886| 68,90118463
Tritriacontane 2,856 464,9 71,2 71,31009| 70,61876432
Tetratriacontane 2,397 478,9 72,6 72 72,19876543
Pentatriacontane 2,655 4929 75 73,7 73,81764493
Hexatriacontane 16,504 506,973 75,08 74,6 75,00168854

The absolute average deviation was calculated for these components using the
following formula:

SXIlx =m0 (19)

Performing material balance for liquid-multi-solid equilibrium (Juan Carlos Martin
Escobar-Remolina, 2005)

5=z -« (%) (20)
Calculation of paraffin crystallization (P.c) at a given temperature

Nsar o,
X Mjs;

—t
oy Mizi)T:/cVAP

P.c (%) = x 100 (21)

T,,,and T .— is the temperature range, in which precipitation occurs from the wax
appears point to the final temperature.

Using an iterative process, the multisode model was calculated and compared with
the PVTSim program.

The table below indicated the values for P, = 0.17 MPa obtained by proposed model,
PVTsim software and experimental data. According to the data, the results within a
good agreement.

Table 6 — Wax appearance temperature results for sample 1.01 (P = 0.17MPa)

'WAT model 317.5079 K
WAT PVTsim 317.57K
WAT experimental 315.15K

Table 7 — Experiment results for sample 1.01

Field X oil 1.01
Models
PR Peneloux (T)
CSP Visc/Thermal Cond

Wax Appearance Temperature
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Pressure Temperature
kPa K
170.00 317.57
360.00 317.60
570.00 317.64

The line graph below showed the percentage of wax weight versus temperature for
sample 1.01, P, = 0.17 MPa.

Fig. 4 — Crystallized paraffin (%) versus Temperature (K) for sample 1.01

Conclusions

Wax deposition phenomena will always be an important task in the oil industry. In this
article, a mathematical theoretical model of the behavior of paraffin during precipitation
was developed by analyzing the correlation of the calculation of the melting point
temperature, fugacity with respect the correction factor, assessing the crystallization
of paraffin at a given temperature. As results, experimental data on the dependence of
melting properties on the molecular weight of the components are presented. The model
presented in the article, taking into account the Poynting correction factor and modified
temperature gave the best result for predicting wax deposition.
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