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2 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 Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



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 aTbIHAaFBI XUMUS FBUTBIMIAPEI 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 KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) 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.
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Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
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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 CKomaeMbIX 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».
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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

ZHOLTAEYV 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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E.Orymbetov', G.E. Orymbetova’*, A.E. Khussanov?, T.E. Orymbetov?,
B.E. Orymbetov>

'South Kazakhstan Medical Academy, Shymkent, Kazakhstan;
M. Auezov South Kazakhstan University, Shymkent, Kazakhstan.
E-mail: orim_77@mail.ru

SECTIONING OF PETROLEUM GAS ADSORPTION DRYING

Abstract. An analysis of the operation of an adsorption plant for drying
petroleum gas at the Kenlyk field was carried out. The adsorption process is
characterized by versatility, which allows simultaneous drying and purification
of gas from various components, as well as high efficiency. The organization
of associated petroleum gas drying in adsorbers simplifies the gas treatment
technology. This is evidenced by the absence of a significant amount of moisture,
which forms blockage of pipelines with ice plugs after throttling of petroleum
gas. The parameters of operation, advantages and disadvantages of the gas
drying unit for associated petroleum gas at the Kenlyk field are determined.
Based on the analysis of the operation of the adsorption drying unit, a three-
section scheme of the oil gas adsorption drying unit is proposed. In this case,
the non-working part of the adsorbent layer is reduced, respectively, the energy
costs to overcome the hydraulic resistance of this layer are reduced. During
adsorption through the thickness of the adsorbent layer, only the dynamic part
of the adsorbent layer actively works, while the gas passes through the rest of
the adsorbent layer (not the working part) unchanged. These processes occur
both during adsorption and during regeneration of the adsorbent. The height
of the section of the adsorption apparatus was determined, which ensures high
drying rates during the entire period of operation of the adsorbent, also to
prevent the formation of bypass channels and voids in the adsorber. To assess
the economic feasibility of the proposed scheme, an approximate calculation of
the cost of depreciation, operating, energy and capital costs of the existing and
proposed adsorption plant was made. It is shown that the use of the proposed
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three-section plant is more economically feasible than the existing adsorption
plant by 63.6%.
Key words: adsorption, petroleum gas, dehydration, gas velocity, plant.

9. OpsimbeToB!, I.3. OpbimbeToBa’*, A.E. Xycanos?, T.J. OpbiMéeTOB?,
B.9. OpbiM0OeToB?

'Onryctik Kasakcran meaununa akagemusicel, lllsivkent, Kasakran;
*M.Oye3o0B ar. OuTycTik Kaszakcran ynusepcurerti, llIsiMkent, Ka3zakcras.
E-mail: orim_77@mail.ru

MYHAM TA3BIH AJICOPBIUAJIBIK KENTIPYI CEKIITASJIAY

AnnoTtanus. «KeHmik» Ka30a OpHBIHBIH 1J1iCTIe MYHAH T'a3bIH a1ICOPOLIMSIIBIK
KeNTIPEeTiH KOHABIPFBIHBIH JKYMBICH TalJaHAbl. AJCOPOLMSIBIK Ipolecc
oMOe0bar OoJbITT TaOBLIABI, T3kl OPTYPJI KOMIIOHCHTTEPACH Oip yaKbITTa
KeNTipy MEH Ta3zapTyra Ooyaabl, COHBIMEH KaTap >KOFApbl THIMIIIIKKE
XKeTyre MyMKiHAIK Oepeni. lmecne myHall raspiH ajcopOepiiepae KenTipyai
YHBIMAACTBIPY Ta3[bl OHJAEY TEXHOJIOIUSAChIH >KeHuiaeTeai. byn mynait
ra3plH JPOCCENbACYAeH KeiiH KYObIpiapAblH MY3 THIFBIHAAPBIMEH OiTelyiH
KQJIBITITACTBIPATBIH  BUIFAJABIH  aUTapibIKTall MeIepiHiH OoJMaybIMEeH
nonenneneni. «Kenmik» Ka3z0a OpHBIHBIH Ta3 KENTipy KOHABIPFBICHIHBIH
KYMBIC TMapaMeTpiepi, apTHIKIIBUIBIKTAPhl MEH KEMIITIKTEepPl aHBIKTAJIbI.
AJCOpOLUANBIK KENTipy KOHABIPFBICBIHBIH JKYMBICHIH Tayjiay Heri3iHiae
aZCOpPOIUSIBIK KETIPYIiH YII CEeKIUSIBIK CXeMachl YChIHBUIFaH. by ke3ne
ancopOeHT KaOaThIHBIH JKYMBIC ICTEMEUTIH KaJbIHIBIFBI a3as/ibl, COMKECIHIIIE,
OCBl Ka0aTThIH TUAPABIUKAIBIK KEAEpricli TOMEHJIEI, SHEPIHs IIbIFbIHIAPHI
azasapl. AICOpOCHT KaOaThIHBIH KAJIBIH/IBIFBI aPKBUTBI afcOpOnusiiay Ke3iHae
ancopOeHT KabaThIHBIH JUHAMUKAJIBIK 0OJ1Ir1 FaHa OSJICEH/I1 )KYMBIC 1CTEH/I1, all
ra3 ajicopOeHT KaOaThIHBIH KaJFaH OeJirineH (’KyMbIc 0eJliri emec) e3repicci3
eteli. bynmporniecrep amcopOuus ke3iHe e, aCOPOSHTTIH pereHepasIChIH 1A
na okypedi. AncopOeHTTI OapiblK SKCIUTyaTalusuiay Ke3iHae KenTipyldiH
KOFapbhl KOPCETKINIIH KaMTamachl3 €TETiH, COHBIMEH KaTap ajacopbepie
OaiimacTelK apHajap, KeyeKTep TY3UlylH OOJAbIPMANTBhIH aJCOPOLMSIIBIK
amnmapaTr CeKIUSICHIHBIH OWIKTITT aHBIKTAJbI. ¥ CHIHBUIFAH aJCOPOIMSIIBIK
CXEeMaHbIH YKOHOMHKAJIBIK THIMIIITIH Oarajay YIIiH OHbIH aMOPTH3ALHSITBIK,
SHEPTeTUKANBIK >KOHE KalMUTAJIJBIK HIBIFBIHAAPEl e€cenTeliHAl. ¥ ChIHBUIFaH
YIICEKIMSUTBI  KENTiPy KOHABIPFBICHIHBIH KOJJIAHBICTAFBl  aJCOPOIUSIIBIK
KOHABIPFBIIAH 63,6% SKOHOMUKAIBIK TUIMI1 €KeH1 JOJICIICHII.

Tyiiin ce3aep: axcopOums, MyHail ra3, KeNTipy, Ta3 >KbUIIAMIBIFHI,
KOHJTBIPFBI.
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9. OpsimbeToB', I.J. OpbiMoeToBa**, A.E. Xycanos?, T.J. OpsiMGeTOB?,
B.D. OpbiM0OeToB?

"TOxno0-Kaszaxcranckas meaqunuackas akagemus, [Isivkent, Kazaxcran;
21OsxHO0-Ka3zaxcraHckuil yHuBepcuTeT UM. M. Ay330Ba,
IIemmkenT, Kazaxcras.

E-mail: orim_77@mail.ru

CEKIIMOHUPOBAHHUE AJICOPEIIMOHHOM OCYIIKHA
HE®TAHOI'O I'A3A

AnHoTauusi. BeimonHeH aHanu3 paboThl anCcOpOLMOHHON yCTaHOBKH
JUTsL OCYHIKH HeTsTHOTO Ta3a MecTopokaeHus: «KeHmbik». AncopOlnOHHBIHN
MPOIIECC OTIMYAETCS YHUBEPCATBbHOCTHIO, YTO MO3BOJISIET OJHOBPEMEHHYIO
OCYIIKY M OYHCTKY ra3a OT pPa3JIMYHbIX KOMIIOHEHTOB, a TakK)K€ BBICOKOU
s dexkTruBHOCTRIO. OpraHu3anus OCYIIKH TOMYTHOTO HEPTSHOTO Tra3a B
azcopOepax ynpoIaeT TeXHOJIOTUIO IOATOTOBKY I'a3a. ITOMY CBUETEIbCTBYET
OTCYTCTBHE 3HAYUTEIBHOTO KOJHMYECTBA BJIAard, OOpa3ylomue 3aKyHnopKy
TPyOOIIPOBOAOB JIEASHBIMU NPOOKAMH TIOCIE APOCCETUPOBAHUS HEPTIHOTO
raza. OmnpeneneHsl mapaMeTpsl padOThl, MPEUMYIIECTBa M HEAOCTATKU Y3Jia
OCYIIKM Tra3a IOMYTHOTO HE(PTIHOTO ra3a Ha MECTOpOXACHHHM KeHIBIK.
Ha ocHoBe ananuza pa0oThl y3na aacOpOLMOHHON OCYIIKM HpeIIoKeHa
TPEXCEKLMOHHAsI CXeMa y3Jla aJIcOpOLMOHHON ocyliku HedTsHOTrO rasza. [lpu
3TOM Hepabouas 4YacTh CJIOs aJcOpOEHTa COKpallaeTcsi, COOTBETCTBEHHO
YMEHBIIAIOTCA 3aTpaThl dSHEPrUM Ha TMPEOAOJCHHUE THUIPABIUYECKOTO
conpoTusieHus: 3toro ciuosi. [Ipu agcopOuuu mo TonmuHe cios ajacopOeHTa
aKTUBHO pabOTaeT TOJIBKO TMHAMUYECKAs 4acTh CJI0sI aI0pOEHTa, a B OCTaIbHOM
yactu (Hepabouel YacTu) amcopOeHTa Ta3 MPOXOAUT O0e3 M3MEHEHWH. DT
MPOLECChl MPOUCXOMAT KaK W TpH aACOpPOIMH, TaKk M TPHU pereHepanuu
aacopbenta. OmpeneneHa BBICOTAa CEKIMM aJCOPOLIMOHHOIO anmnapara,
oOecreunBaoIeil BRICOKHE MOKA3aTeNd OCYUIKM B TEUEHHE BCEro Mepuoaa
IKCITyaTalluk aJcopOeHTa, a TakkKe s MPEJOTBPAICHUS OO0pa3oBaHUSA
OaiimacHpIX KaHAJIOB M MYCTOT B ajacopOepe. s OLEHKHM SKOHOMHUYECKON
1enecooOpa3HOCTH TMpeIaraéMoil CXeMbl BBIOTHEH OPUEHTUPOBOYHBIH
pacyeT CTOMMOCTH aMOPTHU3ALMOHHBIX, SKCIUTyaTal[HOHHBIX, SHEPTETUUECKUX
U KaluTaJbHBIX PACXOJIOB CYLIECTBYIOIIEH U MpeIaraeMoi aacopOnoHHOM
ycraHoBKH. [loka3aHo, 4TO MCIOJIb30BAHUE MPEMIATA€MON TPEXCEKIIMOHHOM
YCTaHOBKH SKOHOMHYECKH IeJIeCO00pa3Hee CyIIeCTBYIONIEH aacopOMnoOHHON
yCcTaHOBKH Ha 63,6%.

KuroueBsble cioBa: ajcopOuusi, He(TIHON ra3, OCyIIKa, CKOPOCTh rasa,
yCTaHOBKa.
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Introduction. For adsorption drying of petroleum gas, solid adsorbents are
used, which have a large surface area of phase contact due to capillary pores.
In industry, activated alumina, florite, silica gel, bauxite, zeolites (molecular
sieve), etc. are used as adsorbents (Liu K., et all, 2015: 853, Ralph T. Yang,
1997:632, Serpionova E.N., 1969: 416, Shumetskiy Yu.l., 2005: 164, Sunil
Jayant Kulkarni, 2016: 16, Toth Jozsef, 2019:904).

The content of water vapor (moisture) in gas, in particular in petroleum
gas, adversely affects the operation of process equipment for processing and
transporting petroleum gas. Therefore, they are usually dried to a dew point
temperature of 40°C.

Adsorption drying of petroleum gas is the most effective method, and the
efficiency of adsorption processes is determined, first of all, by the characteristics
of the adsorbent used. Solid absorbers, including zeolites (molecular sieves),
are the most widely used for drying petroleum gas.

Research materials and methods. Adsorption processes for drying
petroleum gases are carried out in batch plant. It contains two adsorbers filled
with adsorbent. These adsorbers work alternately, i.e. after saturation of the
adsorbent with water vapor, the first adsorber switches to the stage of desorption
(regeneration). And the second adsorber switches from the regeneration stage to
the adsorption stage. At stage of regeneration, the adsorber goes through periods
of increasing and decreasing the temperature of the adsorbent, its replacement,
etc. (Chaczykowski M., 2011: 2219, Crespo D., Qi.G., 2008: 1238, Beisembetov
LK., 2020:6, Zholtayev G., 2018:29, Bogdanov R.M., 2014).

Schematic diagram of the dehydration of oil gas from the Kenlyk field is
shown in Figure 1 (Technological regulations, 2014:22).

The adsorption method is used to dry associated petroleum gas at the Kenlyk
field. Synthetic zeolite (molecular sieve) is used as an adsorbent. The gas
treatment plant includes 2 adsorbers that work alternately. When one adsorber
dries the petroleum gas, the other regenerates the adsorbent. The existing
scheme for drying petroleum gas is shown in Figure 1.

Wet petroleum gas enters the first adsorber 1 where it passes from top to
bottom through the adsorbent (zeolite) bed. The adsorbent (zeolite) absorbs
water vapor and the dried gas is removed from the apparatus. The process of
drying the gas is carried out within 10+12 hours. Thereafter, the wet oil gas is
directed through the second adsorber 2, and the first adsorber is switched off
and connected to the regeneration line. To do this, dry gas is passed through
the coil furnace 3 (part of the methane + ethane mixture obtained after the
preparation of the petroleum gas). This gas in the furnace is heated to 180-
200°C and sent to a regenerated adsorber, where it removes moisture from the
adsorbent (zeolite). This wet gas is then mixed with the feed gas and fed back
to the gas treatment unit by a booster compressor.
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Wet gas (methane < ethane = meisture) at the beginning of @s treatment

Wet petrolaum gas
-

affes £33 iraatment)

] 1_‘{ Drv gas (methane + ethans mixture

1,2 - adsorbers, 3 - coil furnace for heating dry gas
Figure 1. Existing oil gas dehydration scheme

Such organization of associated petroleum gas drying in adsorbers simplifies
the gas treatment technology. This is evidenced by the absence of a significant
amount of moisture, which forms blockage of pipelines with ice plugs after
throttling of petroleum gas.

However, the existing scheme for drying petroleum gas has disadvantages.
This is the return of wet gas after regeneration back to the gas treatment plant,
which complicates the operating modes of the plant. The absence of a cooling
unit for the regenerated gas to extract moisture from it. The adsorbent is loaded
from above, lowering under the action of gravity, which can lead to significant
mechanical damage, and the adsorbent, being crushed, clogs individual sections
of the adsorbent layer (Aerov M.E., 1979: 176, Orymbetov T.E., 2021a:295,
Orymbetov T.E., 2021b:204).

The adsorbent used for drying petroleum gas has full activity (capacity),
for example, NaA-U zeolite can absorb water vapor in an amount of ~120 mg/
cm?® (Shumetskiy Yu.l., 2005:164, Serpionova E.N., 1969:416, Sunil Jayant
Kulkarni, 2016:16). In this case, the entire free space of the adsorbent granules
is balanced to the maximum filled with moisture.
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The purpose of the study: development of a sectional diagram of an
adsorption drying unit for petroleum gas, to reduce the non-working part of
the adsorbent layer, reduce energy costs to overcome the hydraulic resistance
of this layer and assess the economic feasibility.

Results and discussion. Under adsorption conditions, mass transfer region
is formed in the adsorbent layer, which ensures the absorption of water vapor
from the gas flow. In this case, concentration of water vapor in the gas flow
changes from initial concentration CH to the required Ck (figure 2).
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e LY I b — 4|;}
\ \
e 1
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-\". Y
Cy I'-. I'\ £
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Figure 2. Graph of changes in the concentration of water vapor in adsorbent
layer

Such change in the concentration of water vapor occurs along thickness of
the adsorbent layer at distance L. If the thickness of the adsorbent layer L is
less than distance L > L, then the required final water vapor concentration C,
in the gas flow will not be reached. Usually, under real conditions, adsorption
assumes that L >> L. Under these conditions, as adsorbent absorbs water
vapor, mass transfer region (dynamic part of the mass transfer) moves in the
adsorbent layer in the direction of the gas flow (figure 2).

Thus, during adsorption through the thickness of the adsorbent layer, only
the dynamic part of the adsorbent layer L actively works, and the gas passes
through the rest of the (not working part) of the adsorbent without changes.

These processes occur both during adsorption and during regeneration of
the adsorbent. When gas passes through non-working part of the adsorbent,
useful energy is also expended to overcome the hydraulic resistance of the
layer of the non-working part. Industrial adsorbers are designed for 1012 hours
of operation during adsorption, while the second adsorber is at the stage of
regeneration of the adsorbent and its cooling. Equipment for regeneration of
the adsorbent operate cyclically, respectively, inefficiently.
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To eliminate these shortcomings in the operation of the adsorption plant,
sectioning of the adsorber is proposed.

The most effective, in our opinion, is a three-section adsorption plant, in
which one adsorber of the existing plant is divided into 3 sections. And these
sections work alternately in cycle: adsorption - regeneration - cooling (figure 3).

In this case, non-working part of the adsorbent layer is reduced, respectively,
energy costs to overcome the hydraulic resistance of this layer are reduced.
The proposed three-section scheme works as follows. The dried gas enters
the adsorber section 1, where it is dried with an adsorbent for 4 hours, then
it is taken out for further technological processing. After this time, the dried
gas 1s supplied to the second section of the adsorber for 4 hours, and the first
section of the adsorber switches to regeneration. After the second 4 hour time,
the dried gas is supplied to the 3rd section of the adsorber, and the second one
switches to regeneration and the first section switches to cooling. In the future,
cycle is repeated.

In the proposed three-section adsorption plant, gas is dried continuously, but
in adsorbers of low height. This makes it possible to reduce the energy costs
for pumping dried gas both during adsorption and regeneration, and organize
the continuous operation of the entire gas drying process.

Wat gas
Wet patroleum gas

1,2,3 - adsorbers; 4 - coil furnace for heating dry gas.
Figure 3. Scheme of 3-section adsorption plant for drying petroleum gas

To assess the economic feasibility of the proposed scheme, an approximate
calculation of the cost of depreciation, operating, energy and capital costs of
the existing and proposed adsorption plant was made.
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In the existing adsorption plant, there are 2 adsorbers with a diameter d
= 1.219 m, zeolite layer height H, = 2x8 m, gas flow Q = 13 000 nm*/h, gas
density = 1.2 kg/m’, molar mass M = 28.5 kg/kmol, gas pressure P = 6 MPa,
gas temperature t = 40 °C (Shumetskiy Yu.l., 2005:164).

Determine amount of water absorbed in one section of the adsorption
drying of petroleum gas in 4 hours (taking into account 10% moisture reserve)
(Technological regulations, 2014:22)

C 1.2
=11-——Q- =11——13000-4 = 68.64 k
G 1000 & Tads 1000 J

For Na-U zeolite, we take a dynamic water vapor capacity of 10 g/100
g of adsorbent. The actual capacity of the zeolite in the initial period of its
operation is much higher and amounts to ~ 16g/100 g of adsorbent. However,
as operation progresses, due to the influence of various negative factors,
capacity of the adsorbent decreases. The moisture capacity of the zeolite after
3-4 years of operation will approach the accepted capacity.

The volume of the required adsorbent for drying petroleum gas.

G, _ 68.64-100
v, = =

= = = 0.86 m?
@ pa  10-800 m

The internal diameter of the existing adsorber d=1.219 m, then the required
height of the adsorbent layer

v, 0.86

H=0785-a2 ~ 0785 - 1.2197

=0.74m

To ensure the drying performance during the entire period of operation of
the adsorbent, also to prevent the formation of bypass channels and voids in
adsorber, height of the sections of adsorption apparatus is assumed to be H =
3m.

In three-section adsorption plant, there are 3 adsorbers with diameter of d =
1.219 m, height of the zeolite layer H, = 3x3 m. The rest of the parameters are
same as for the existing plant.

Let’s accept, that cost of depreciation deductions for 1 m of length and
I m of adsorber diameter Ca =2600-c_ t per year; cost of repair (operation)
per 1 m of length and 1 m of adsorber diameter Cp = 400-c  t per year; cost
of the production area of the installation C,, =3000-c t per year, ¢ - cost of
electricity.

Gas velocity of adsorber cross section

O Qpy 13000 - 1,2
Y= 0.785-d% - p,  3600-0.785 - 1.219% - 66

= 0.056 m/s
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where _ P _ 600000
Pe = RT ~ 202313

The hydraulic resistance of the adsorbent layer is determined by Ergan
formula [Ralph T. Yang, 1997:632]

= 66 kg/m’®— dry gas density

(1-¢)? pw 1—¢ pu?
AP=H|[150——.— 4+ 175——.—| =
[ €3 " e d
1150 (1-0.375)2 17-107°-0.056 175 1-0375 66-0.056%]
N 0.3753 1.2192 7 0.3753 1.219 |

= H[4.746 - 107% - 150 + 3.52] = 3.53H

Then the cost of spending for the existing installation
a) depreciation charges per year
A =H-dC =161.219-2600c, =50710,4-c .

b) cost of repair (operation) per year
R, =H-dC =161219-400c, =7801.6c,.

¢) production space cost
P=a-b-C =2-3-3000c, =18000-c,,

where a -b, = 2x3 = 6 M*> — area occupied by existing installation.
d) energy cost for pumping gas

E gL Pe AP _13000-66-3.53-16 .,
1= Y %3600 p, 1000-0,5 3600-12-1000-0.5 Cel
= 296142 - ¢y T

Total costs for an existing adsorption plant
C,=A +R +P +E =50710.4-c_ + 7801.6.c_ + 18000-c_ +296142.3-c_
=372654.3-c per year

1

Cost of the proposed three-section adsorption plant
a) depreciation charges per year
A,=H;dC ,=9-1.219-2600c_ =28524.6:c

b) cost of repair (operation) per year
R,=H,dC =9-1219-400c, =4388.4c

¢) production space cost
P,=a, B C =343000c,=36000c,,
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where a,'b, = 3x4 = 6 M” — area occupied by proposed installation.
d) energy cost for pumping gas

Qpr AP 1300-66-3,53-3

E = =
3600-p,, 1000  3600-1,2:1000-0,5

330 - 48 - co = 66632.28 - ) L.

The total cost of expenses for proposed three-section adsorption plant
C,=A, +R, +P, +E =(28524.6 + 4388.4 + 36000 + 66632.28)-c_=
1335545.3 ¢, per year.

Thus, use of the proposed three-section plant is more economically feasible
than the existing adsorption plant on

C1—Cy _ (372654.3—135545.3)-Ce] _ 0
o 100 = 3726505 100 = 63.6%.

Conclusion. Thus, height of the section of adsorption apparatus was
determined, which ensures high drying rates during entire period of operation
of the adsorbent, also to prevent formation of bypass channels and voids in
adsorber. To assess economic feasibility of the proposed scheme, approximate
calculation of the cost of depreciation, operating, energy and capital costs of
the existing and proposed adsorption plant was made. It shown, that use of
the proposed three-section plant is more economically feasible than existing
adsorption plant by 63.6%.
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