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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KauecTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J]aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH IesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTsAX oOpa3oBaHMS M HAyKH,
COLMANILHOM 3aIlUTHI, KYJIBTYPBI, 31paBooXpaneHus u cnopra, Gonp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHu0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MPeANPUHUMATENILCKUE HaBBIKK. Tak, Ha coOmelCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
06110 BeIzIeneHo Oosee 200 rpanToB. [y moiep KKy TadaHTIMBBIX 1 MOTUBHPOBAaHHBIX
nereii @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HAa 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«XanpIKk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE HA BOCIIMTaHUE (UHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX1aH CTPaHBI.

HeobOxonumyto momois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHch yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Us, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAILIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBernHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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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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Abstract. This work shows a method for producing superhydrophobic clays from
the Tagan deposit bentonite (the East Kazakhstan region) has been developed for use in
the production of anhydrous drilling fluids for the oil industry. A wide range of the most
diverse cationic surfactants have been used as superhydrophobizing agents. An organophilic
(superhydrophobic) clay with a contact angle of 170° was obtained in the presence of
tetrakis(decyl) ammonium bromide (TKDAB). It has been proved that the particles of
organophilic clays have been obtained by modification TKDAB form a stable suspension in
diesel fuel and do not mix at all with the aqueous phase at all. A new technological scheme
for the production of orgonoclay has been developed. The formula for the obtained anhydrous
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drilling fluids has been presented and its technical characteristics have been determined. A
technological scheme for producing drilling fluids based on orgonoclay has been developed.
This drilling fluid is manufactured in accordance with the characteristics and thixotropic
properties of oil at the Kumkol oilfield (Kyzylorda, Kazakhstan). It has been shown that
drilling fluid can be used in oil drilling operations at the Kumkol field and other similar fields

Keywords: bentonite, montmorillonite, superhydrophobic clay, drilling fluids,
Kumkol oil deposit, technological characteristics, surfactants
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AnHotamus. byn >kympicTa MyHall eHIIpY 6HEpKaciOiHae Cychi3 Oyprbuiay
epiTiHaIepiH eHmipicTe KoimaHynbl KamTuThiH LlbFeic  KasakcTan — oOJBICHIHBIH
«Taran» KEHOPHBIHBIH OCHTOHHUTIHEH CymnepruapodoOThl cazmap/ bl ajdy TOCLT 93ipIeH]I.
Cynepruznpodobuszaropiap perinae katuonabl Oertik Oencenai 3arrapasiH (KBA3) ey
accopTuMeHTi Konaanbuinbl. Terpakuc (nemmn ) ammonui Opomui (TKAB) 170°xyFy OypbItiibt
Oap opranoduibai (cymepruapodo0Tsl) ca3 anbiHAbl. TKAB-maH anbiHFaH OpraHOIBIL
ca3z OemmiexkTepi MW3ENbAE TYPAKThl CYCIECH3MS TY3€TiHI KoHE Cy (a3achIMEH MYJJIEM
apanacnaiTeiHbl fonengeHai. Opranocasasl adyAblH jKaHa TEXHOJIOTUSUIBIK ChI30aHYCKachl
yKacalpl. AJTBIHFaH CyChI3 OYPFBUIAY epiTiHALIepiHIH (hOPMYITAChl YCHIHBUIFAH KOHE OJIap/IbIH
TEXHUKAJIBIK CUIIaTTaMasIapbl aHbIKTa FaH. OpraHocas Heri3inae Oyprbuiay epiTiHIICiH aly AbIH
TEXHOJOTHSITBIK ChI30aHyCKachl Jkacanasl. by Oypreutay epitingici «Kymkem» (Kpizputopaa,
Kazakcran) MyHail KeHOpHBIH/IAFbI MYHAH/IBIH CHIIaTTaMajapbl MEH THKCOTPOINTBHUIBIFBIHA
colikec nmabHAaNIbl. «KyMKem» KEHOpHBIHZIA >KOHE OCBIFAaH YKCAC KEHOPBIHAAPBIHAA
MYHaii OypFpuIay Ke3iHze bypreuiay epiTiHmiciH maiijananyra OONATHIHABIFBI KOPCETITEH.

Tyiiin ce3aep: OCHTOHHT, MOHTMOPWJUIOHT, CYNEpPruApooOTHl ca3, OypFbuIay
epitinzaici, «KyMKemn KeHOPHBI, TEXHOJIOTUSIIBIK CHIIaTTamMasnap, OCTTiK aKTUBTI 3aTTap
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AuHoTanus. B mgamHOW pabore OBIT  paspaboTaH crmocod  TOTyYeHUS
cynepruipoGoOHBIX TJIMH U3 OeHToHHTa MecTopoxaenus «Taranckoe» BocrtouHo-
Kazaxcranckoid o0nacTi C IHenIbl0 TPUMEHEHHMsS B TPOM3BOJACTBE OE3BOJHBIX OYPOBBIX
pacTBOPOB /I He(TeT0OBIBAIOIIEH MTPOMBIIIUIEHHOCTH. B KauecTBe cynepruapodobu3aTopos
OBUT WCIONB30BaH IIUPOKUH PA CaMbIX Pa3sHOOOPa3HBIX KATHOHHBIX ITOBEPXHOCTHO-
aktuBHBIX BemecTB (IIAB). B mpucyrctBum terpakuc(nermn) Opomua amMonus (TKBA)
OplTa TonmydeHa opraHoduiapHas (cymeprumpodoOHas) TJIIMHA C YIJIOM CMaduBaHUSA
170°. [loka3aHO, YTO YacTHI[Bl OPTaHO(PMIBHOW TIWHBI, mMoixydeHHble Ha ocHoBe TKBA,
00pa3yIoT cTa0MIBHYIO CYCIIEH3UIO B AM3EIIbHOM TOTUIMBE M COBEPIIEHHO HE CMEITUBAIOTCS
¢ BogHOHU (hazoil. Pa3zpaborana HOBas TEXHOJOTHYECKas CXeMa MOJYYCHHS OpPTaHOTIHHBI.
[IpencraBnena Gopmysa MmosydyeHHBIX O€3BOMHBIX OypOBBIX PAacTBOPOB M OMpEAENCHBI MX
TEXHUYECKUE XapaKTepuCTUKU. PazpaboTana TeXHOIOTHYECKask CXeMa MOIydeHnss OypoBOTro
pacTBOpa Ha OCHOBE OPTaHOTIHMHEI. JlaHHBII OypOBOI pacTBOP M3TOTOBJIEH B COOTBETCTBHH C
XapaKTepUCTUKAMU M THKCOTPOITHOCTHIO HEPTH Ha HEPTIHOM MecTOpoKaeHIH «KyMKOIb»
(Ke3eutopma, Kazaxcran). [lokazano, 910 OypOBO#l pacTBOpP MOMKET OBITh HCIOIL30BaH
npu OypeHun HepTH HA MecTOpOokIeHUH «KyMKOIb» M aHAJOTHYHBIX MECTOPOXKICHHUSX.

KiioueBble ¢jioBa: OEHTOHUT, MOHTMOPHJUIOHT, CyTieprunpodoOHas rimaa, 0ypoBoi
pactBop, MecTpoxkaeHue «KyMKob», TEXHOJIOTHUECKHE XapPaKTEPUCTHKH, TIOBEPXHOCTHO-
AKTHBHBIC BCIICCTBA

Introduction

The development of the oil and gas industry and the increase in hydrocarbon
production at a level that ensures the energy security of Kazakhstan should be accompanied
by an increase in drilling volumes.

One of the important directions for improving the quality of well construction is the
use of efficient and cost-effective drilling fluids formulations in order to prevent technological
issues and reduce costs during the drilling process.

The construction of deep wells in difficult mining and geological conditions, caused by
the alternation of unstable clay and salt deposits, the presence of zones of abnormal reservoir
pressures, elevated temperatures, and large depths of hydrocarbon deposits, is associated with
complications related to problems managing the properties of drilling fluids.

It is known that most complications and accidents are associated with the instability of
water-based drilling fluids when drilling at elevated temperatures, increasing the cost of well
construction.

Thus, effective drilling fluids can help avoid many problems during drilling,
development, and testing of wells. They clean the borehole, create a filter crust on its walls to
prevent water from seeping into the ground. They also maintain the stability of the borehole
walls, help prevent tool failure and jamming, and protect equipment from aggressive fluids
and dirt. Effective drilling fluids increase drilling speed by reducing surface friction

The construction of wells at the oil from Kumkol field, located 150 kilometers
northeast of Kyzylorda and covering an area of 23,143 hectares, is being carried out under
difficult geological conditions.
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The field is multi-layered and contains six productive oil and gas deposits. Two of
these are confined to the Lower Neolump Cretaceous deposits (horizons M-I and M-II) at
depths of 1,063 m and 1,270 m respectively, while the remaining four are located in the «Yu»
deposits (horizons Yu-I, Yu-II, Yu-III and Yu-IV). The deposits in the Cretaceous strata are
predominantly composed of petroleum, with the Yu formation consisting of gas and oil. These
deposits are stratified and arch-shaped, with elements of tectonic and lithologic shielding.
Due to the fact that the productive section consists of terrigenous rock types (sandstones and
siltstones), challenges in the form of faulting, scree, and collapse of well walls at the Kumkol
field are observed during well drilling operations, making the effectiveness of drilling fluids
used critically important.

Improving the quality of well construction and preventing technological complications
during drilling at elevated temperatures (up to 150 °C) and in unstable deposits are possible
through the use of new drilling fluid compositions and ways to control their properties.

Therefore, the development of new formulations of drilling fluids that can ensure
high-quality well construction under these conditions seems like a very urgent task.

It is known that clay is one of the most active components in drilling fluids. This
applies to clay powders as well as clay rocks, especially weakly polymerized ones. Clays
are fine-grained mixtures of minerals with a predominantly crystalline structure that were
formed as a result of physicochemical weathering of rocks (Ianchis et al., 2014). The main part
consists of clay minerals. In addition, quartz, feldspar, calcite, pyrite, and so on, are present.
Of course, the most important role is played by clay minerals, which are highly dispersed
(the maximum size of clay particles according to geologists does not exceed 2 microns), and
are relatively stable mineral compounds belonging to the group of aqueous aluminosilicate
layered or layered ribbon structures. High dispersion, the shapes of minerals, as well as the
properties of basal surfaces of micro-crystals, cause their high physical and chemical reactivity.

In (Hodhaifa et al., 2021) the use of bentonite clays for drilling wells was studied
because they have good hydrophilic and dispersing properties. Montmorillonite, which
is the basis for bentonite powder, is one of the most active ingredients. It consists of two
tetrahedron grids with an octahedron sublayer between them. All the vertices of tetrahedrons
face the center of a structural layer, forming a common layer with oxygen atoms at the
vertices shared by the sublayers and hydroxides at the vertices not shared by tetrahedrals.

A characteristic feature of the montmorillonite structure is that the oxygen
surface of one layer contacts the similar oxygen surface of the neighboring layer. This is
a prerequisite for swelling processes, as molecules of water and other polar liquids can
penetrate between the structural layers of montmorillonites and further reduce interaction
between them. The c-distance varies depending on the amount of water in the interlayer
space from 9.6-10-8 to 140-10-8 cm (and possibly up to complete delamination).
Substitutions of AI** to Mg*" and Fe?* in octahedral sublayers prevail in montmorillonites,
but AI* can partially replace Si*" in tetrahedral positions (Ianchis R. et al., 2014).

The charge deficit varies widely and depends on the degree of substitution.
The maximum value of the density of negative charges in the lattice is approximately
0.66 elementary charges per structural cell. This negative charge is compensated for by
exchangeable hydrated cations, usually sodium, calcium, or magnesium ions, which are
located between the structural layers and together with water molecules form a montmorillonite
interlayer complex. These exchangeable cations are called interlayer exchangeable ions.

Due to their structural features, chemical composition and dispersion, clay
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minerals have significant activity and are able to interact with components of drilling
fluids such as high molecular weight water-soluble compounds and inorganic electrolytes.

In this regard, we are interested in conducting research on bentonite clay from the
Tagan deposit in order to obtain orgonoclays for drilling fluids, as they are characterized by a
high montmorillonite content of about 95%.

Due to the peculiarities of genesis, three types of bentonite clay were identified at the
Tagan deposit (Tarbagatai district, East Kazakhstan region, Republic of Kazakhstan): alkaline,
alkaline-earth, and pharmaceutical. These types have different properties and montmorillonite
content, which allows them to be used in various industrial applications, including the
production of drilling fluids.

Bentonite clay from the 12th horizon of the Tagan deposit is far and away the most
famous, as it exceeds reference Wyoming bentonite (USA) in terms of quality characteristics.
Its adsorption properties are so good that the clay is exported to France as an enterosorbent.

The uniqueness of our research lies in the fact that methods for superhydrophobizing
montmorillonite from Tagan deposits have not previously been used. Results from our
previous studies were presented in an article published in 2021 (Hodhaifa et al., 2021), where
octadecylamine was used as the superhydrophobic agent, with a contact angle of 157 degrees.

Also, in some studies (Ianchis et al., 2014), production of orgonoclays from clays was
investigated using various modifiers. The wetting angle in these studies reached 150°.

In this work, we faced the task of obtaining orgonoclay that will be injected into a
liquid with very low polarity. To obtain thixotropic drilling fluids with stable properties, we
propose creating an optimal orgonoclays. For this, the unique Tagan bentonite clay, due to
its high content of montmorillonite, offers more opportunities for superhydrophobicity and
supramolecular intercalation with modifier molecules.

Thus, the purpose of this work is to study a method for obtaining organophilic clay
from montmorillonite from the Tagan deposit, with an edge angle closer to 180°, which, at the
same time, has high stability in an organic medium. A method to create drilling fluids based
on this material that exhibits thixotropic properties in an anhydrous medium will be proposed.

The novelty of this work lies in the fact that, for the first time, we obtained
superhydrophobic orgonoclays based on bentonite from the Tagan deposit. The wetting angle
of these orgonoclay was 170°. We determined the suitability of these orgonoclays for the
preparation of drilling fluid, and we proposed technological schemes for producing orgonoclay
and creating drilling fluid based on them..

Research materials and methods

In this work, Na-montmorillonite was used. It was obtained from bentonite clays of
the Tagan deposit (quarry 12). The basis is the conditional chemical formula of bentonite
(OH),Si,Al, O, 'n(inter-layer)-H,O. Tagan bentonite has a light pink color with dark pink
spots. Due to the fact that in most cases there are different types of it, this type is sometimes
referred to as Tagan pharmaceutical bentonite.

Montmorillonites, as an ordinary material, do not exhibit pronounced catalytic or
adsorption activity, so they must be pre-activated or transformed. To purify the clay from
impurities, it is washed by decantation and then the thermal acid activation method is used.
The montmorillonite first dried at 90 °C for 2 hours. Clay was mixed 1:3 with 15 % sulfuric
acid and continuously mixed at 90 °C for 4 hours. Heated in an acidic solution in a hot water
bath, bentonite filtered, placed on porcelain plate, washed with an ammonia solution and
distilled water to pH neutrality. Bentonite filtrates are dried in laboratory oven at 80 ° C.
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Dried montmorillonite clay is obtained, sieved and placed in glass conical flask with polished
stopper.

The X-ray diffraction (XRD) technique was employed in this study using an automatic
diffractometer DRON 3.0 equipped with CuK -irradiation and a B-filter. The diffractogram
acquisition conditions were as follows: U=35kB; [=20mA; 6-20 scanning; detector speed of 2
degrees per minute. Semi-quantitative X-ray phase analysis was performed on powder samples
using diffractograms obtained by the method of equi-suspensions and artificial mixtures,
with the aim of determining the quantitative ratio of crystalline phases. The interpretation of
diffractograms was based on data from the International Center for Diffraction Data (ICDD)
file, specifically the PDF2 powder diffraction database and diffractograms of pure minerals.
Calculations for the content were performed for the main phases.

Several surfactants were used as hydrophobic agents for the treatment of Na-
montmorillonite (Mehri et al., 2019; Elias et al., 2016; Zare et al., 2017; Guanzheng et al.,
2019):

1) Tetrakis (decile)ammonium bromide (TKDAB) - C, H, BrN

2) Didecyldimethylammonium bromide (DDMAB) - C_H,BrN

3) Trimethyloctadecylammonium bromide (TMODAB) C, H, BrN

4) Cetylpyridinium bromide (CPB) C, H, BrN

5) Octadecylamine (ODA) C, H, N

Reagents needed to produce the drilling fluid:

A) Superhydrophobic clay was used as organo-modified clay (orgonoclay),
obtained by modifying Tagan Na-montmorillonite with TKDAB. Orgonoclays are
typically used as a structural component, a rheological property, modifier in drilling
fluids, and as a crust-forming agent to reduce water absorption in boreholes.

B) Limestone (Ca(OH),) was used to prevent the accumulation of carbonates in
water-based drilling fluids. It increases the pH and amount of calcium cations in the
drilling fluid and improves the resistance of the drilling fluid to the aggressive effects
of hydrogen sulfide.

Q) Polyacrylamide (PAA) film was used to cover and protect the wall of the well
to prevents the penetration of filtrate into the rock structure. This promoted the forma-
tion of a strong filtration crust and improved the lubricating properties of the solution.
D) Halite NaCl was used to aid in making the walls of the well stronger

E) Diesel fuel with a low dielectric permeability was used as the liquid medium.

Many various methods were used in the research process and it listed below:

1) Preparation of solutions of hydrophobizers and clay treatment — In
the process of hydrophobization, 100 ml of surfactant solutions were prepared in
concentrations of 1 M and 0.1 M. Na-montmorillonite clay was placed in the prepared
solutions in the range of 1-5 G and mixed for 5-6 hours in a heated laboratory
magnetic stirrer at a temperature of 70 © C. The powder was placed in a Petri dish and
dried in a laboratory dryer until the weight was stabilized, then crushed and sieved to
a size of 0.315 microns. After that, the hydrophobicity of the organoclay types was
determined.

2) The method of transmission electron microscopy was used to characterize the
morphological features of clay.
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3) The Goniometer LK-1 was used to measure the contact angle of a drop lying
on the surface of a hydrophobic clay powder using the method of a stationary lying stationary
drop. The Goniometer LK-1 is based on a horizontal microscope and a digital HD video camera
and has the ability to calculate the contact angle of a stationary droplet with a display. Before
determining the contact angles of water droplets on the surface of a hydrophobic organoclay
powder, the powder was pressed through two glass plates and smoothed.

4) Determination of the stability of superhydrophobic clay species in organic
compounds. Diesel fuel (diesel) was used as a liquid with a low dielectric constant to test the
ability of superhydrophobic clays to disperse in organic media. The approximate chemical
formula of diesel is CSH18—C17H36. Diesel fuel is a complex mixture of paraffin - limiting
10-40 % (general formula C H, ), naphthenic - polymethylene 20-60 % (general formula
C.H, ) and arene-aromatic 14-30 % (general formula C H, ,) hydrocarbons. The average
molecular weight is around of 110-230 gramm/mole, and boils between 170-380° C. The
dielectric constant of diesel fuel is approximately €=2.05.

5) The stability of the dispersed medium was determined by measuring precipitation
in an organic medium using a photoelectric colorimeter.

6) Thermogravimetry and differential scanning calorimetry (TGA and DSC) were
used to monitor the effect of chemical changes on the composition of orgonoclay under the
influence of temperature. Drilling fluids can be subjected to extremely high temperatures within
the bowels of the Earth, so these methods were employed to study the physical, chemical, and
chemical processes that occur in a substance as its temperature changes.

7) The rheological properties of the drilling fluids and oils at the Kumkol field were
determined using simple indirect methods, using samples taken from the field. Measurements
such as determining the density of the liquid using a hydrometer, the pH of the solution using
a pH meter and the viscosity using a rheometer, were carried out to determine these properties.
The relationship between shear rate and shear stress for Kumkol oil and drilling fluids obtained
by TKDAB was determined using a MCR 702 MultiDrive (Anton Paar).

Results

hich are the main types that replace each other naturally over billions of years (Mehri
et al., 2019). The aluminosilicate structure in clay consists mainly of two-dimensional parallel
layers formed by alternating silicate tetrahedra and aluminum octahedra (Elias et al., 2016;
Zare et al., 2017). The location, degree, and nature of the exchange in these layers determine
the chemical and physical properties of the materials, including adsorption characteristics.

Natural aluminosilicates can be divided into two groups depending on their crystal
lattice - crystalline and amorphous (Guanzheng et al., 2019). Amorphous aluminosilicates are
characterized by the ability to swell during ion exchange, similar to ion exchange resins.

There are three types of bentonite clay found in the Tagan deposit — alkaline (pink),
alkaline-earth and pharmaceutical. Due to the unique geological characteristics of the Tagan
deposit, these different types of montmorillonite and bentonite have specific properties that
make them suitable for use in various industrial processes.

Alkaline bentonites, in particular, are used in the production of drilling fluids. In order
to fully understand the chemical composition of these clays, an X-ray fluorescence analysis
has been conducted (Table 1).

153



ISSN 2224-5227 3.2024
Table 1. Oxide chemical composition of bentonite clay
from the Tagan deposit
The amount of oxides in the | CaO | MgO | Fe,O, | ALO, SiO, | Na,O | KO Residues after
mineral burning
The quantitative ratio of 15 4 6 10 30 1,5 4 69.5
oxides in the crude mineral ’
montmorillonite, %
The quantitative ratio ot 4 0,9 4 9,8 31 0,6 0,91 34.8
oxides in the mineral Na- '
montmorillonite, %

Ithas been found that bentonite clay contains a variety of elements and oxides in addition
to Fe, Al, Si, Zn, Ti, and Ca. When analyzing the elemental composition, it was determined
that montmorillonite originating from the Tagan deposit has a calcium-sodium composition,
which is due to the high level of calcium. During the stages of decanting washing, thermal
activation, and acid activation of the montmorillonite from Tagan, calcium and magnesium
ions are eliminated. As a result, swelling, ion-exchange capacity, and interlayer spacing of the
clay are increased. Montmorillonite is known to naturally disperse in an aqueous environment
and break down into individual plates up to one nanometer thick and 200-250 nanometers in
diameter (Rogers et al., 2005; Pegoretti et al., 2008).

Fig. 1. The results of the analysis conducted using transmission electron microscopy on
montmorillonite samples from the Tagan deposit.

In order to determine the mineral composition of bentonite and orgonoclay from the
Tagan deposit, an X-ray phase analysis has been conducted. The results of this analysis are

presented in Table 2 below:

Table 2. Mineral Composition of Tagan Bentonite

The mineral

Formula

Quantity, %

Montmorillonite

(Na,H), (Al,Mg,

Ca),Si,0, (OH), xH,0

96,4
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Quartz SiO 3,6

2

Table 3. Mineral Composition of Orgonoclays Obtained Using a TKDAB

The mineral Formula Quantity, %

Montmorillonite (Na,H), ,(AlLMg, 94-97
Ca),Si,0,(OH),'xH,0

Quartz SiO, 24
Amorphous - 1-2
phase

As aresult of determining the mineral composition of bentonite from the Tagan depos-
it and orgonoclays using X-ray diffraction analysis, other minerals were found in the clay in
addition to montmorillonite, including quartz and amorphous phases. Currently, several meth-
ods for hydrophobizing montmorillonite are employed. The most commonly used methods
for hydrophobizing montmorillonites include surface modification techniques, intercalation of
modifying agents, and biohydrophobization methods (Atyaksheva et al., 2022; Musabekov et
al., 2023). Each of these methods has its own advantages and disadvantages. The selection of
a particular method depends, for example, on the purpose of the research and the requirements
for the final product. (Musabekov et al., 2023) Organomodification, or the intercalation meth-
od, may be more suitable for this area of work because it is necessary to take into account the
crystal structure of montmorillonite. In structural schemes, some Si*" ions are replaced with
Al’* ions, creating an excessive negative charge in the crystal. This charge is compensated by
mobile cations of alkaline and alkaline earth metals, which are not fixed in specific places in
the lattice. These cations can be exchanged for other ions. (Rogers et al., 2005; Pegoretti et al.,
2008; Yermekov et al., 2022; Musabekov et al., 2023).

Accordingly, clay particles may have an uncompensated negative charge on their
surface. When clay particles rise, they can interact with amino groups through hydrogen
bonding. The adsorption of cationic surfactants onto the surface of clay particles occurs
through electrostatic interactions. This interaction can be illustrated using a diagram, for
example, by considering the interaction between clay particles and any alkylated Ammonium
Bromide (AlkAB) compounds (Fig. 2).:
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Si—OH
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Fig. 2. Schemes of AIkAB interaction by hydrogen bonding (a) and electrostatic attraction (b) with the surface of

montmorillonite particles

Since the scientific results use clay minerals and the intercalation method is effective
as a hydrophobization method. The main focus is on choosing the optimal hydrophobe for this
type of mineral. A drop of water was placed on an orgonoclay powder that had been treated
with different hydrophobes, and their contact angles were then measured using a goniometer.
Table 4 shows the contact angle values obtained for each orgonoclay (Amankeldi et al., 2022;

Yerlan et al., 2022).

Table 4. Contact angles of water droplets applied on the surface of various types of organomodified

clay powders

Spatial formula of modifiers

Concentrations
of modifiers’
solutions

Contact
angle for
montmo-
rillonite
with
organo-
philic
coating

Images of
organoclay, in the
presence of various
hydrophobizers

Montmorillonite

31°

k|

156




Reports of the Academy of Sciences of the Republic of Kazakhstan

CH 0.1 M 39° no image
Br 3

|
N+t—CH TMOD- -
CH3(CHz)1sCHo— | 3 AB
CHg 1™ 9

0,1M 139°
= CPB

1™ 128° no image
0,1M 135° no image
e N CHs | DDMAB
J o 1M | 1610
/\/\/\/\/\ 0,1M 141° no image
EEANTANG AN AN~ )
u% W &~ | TKDAB
3
1™ 170° '
S L
0.1M 131° no image
NN

ODA
1™ 157°
-

Among orgonoclays, as indicated in Table 4, the maximum contact angle was 170 °C
TKDAB. This can be explained by the structure of the TKDAB molecule, i.e., the TKDAB
has 4 long, nonpolar hydrocarbon chains that give it four times the hydrophobic properties of
other molecules. The end sides of the TKDAB hydrocarbons do not have much space when
packed together tightly, compared to CPB. The CPB molecule has a benzene ring at the end
side. Therefore, even at high concentrations, the maximum angle of absorption did not exceed
128 °. Regarding the rest of the data, an interesting situation arises here (see table 4). At a low
concentration of hydrophobizers (0.1M), the values for contact angles of water droplets were
higher than at high concentrations (1M). In particular, for PBC, the angle decreased from 39 °©
to 9 °, while for TMODAB, it decreased from 135 © to 129 °. In other cases, with an increase
in the concentration of the hydrophobizer, the contact angle of orgonoclay also increases. This
decrease depends on the characteristics of these molecules, specifically on the position and
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length of their chain on the surface of a solid particle. At an excessively high concentration,
surfactant molecules form a layer, causing reverse hydrophilization of the surface (Fig. 3).

Bilayer

7y

Monolayer

T

Fig. 3. A schematic representation of the independent interaction of surfactant molecules, forming a
double layer, and reverse hydrophilization on the surface of clay particles.

With an increase in the concentration of surfactant molecules, the contact angles of
water droplets increased in another group of hydrophobizers.

T,% 100 4 3
90
30
70

60

0

0 10 20 30 40 50 60 70
t, min

Fig. 4. Kinetics of sedimentation of organoclay particles based on montmorillonite in diesel
fuel studied by optical methods.
1-TKDAB; 2-DDMAB; 3-CPB; 4-TODMAB.

Figure 4 shows the change in the optically observed values of the light conductivity of
an organoclay suspension obtained using various hydrophobizers in diesel fuel over a certain
period of time. The results showed that organoclays obtained in the presence of TKDAB have
the lowest light transmission and an equivalent of 82 %. For further studies, orgonoclays
with the highest contact angles were used. It was decided to continue with orgonoclay
produced only in the presence of TKDAB, as this surfactant appeared to be the most optimal
superhydrophobic agent.

Figure 5 shows the results of IR spectroscopy to ensure the adsorption of TKDAB
onto the clay surface.
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1323.95

1469.57

Figure-5: IR spectra of (a) Na-montmorillonite and (b) modified orgonoclay TKDAB

Accordingly, bands and peaks in the infrared Fourier transform indicate the intercalation
of surfactant molecules into the interlayer spaces of montmorillonite clay. Currently, infrared
spectroscopy is one of the most versatile techniques for studying solids, especially for
determining the surface groups of clay minerals and vibrations of their structural elements. It
also allows us to observe changes in chemical bonds during adsorption of reagents.

Figure 5 shows the fluctuations in Si-O-Si bonds, which are observed in a broad
band corresponding to 1036 cm™'. Frequencies of 470.65 and 527 cm™! reflect vibrations of
Me-O bonds, while peaks at 914 and 3100-3500 (almost 3627) cm™! correspond to bound
water molecules and deformations reflecting hydrogen bonds.In the frequency range of
1444 to 1469 cm’!, there are peaks that indicate carbon-hydrogen (C-H) bonds. The peaks at
2,850.97, 2,954, 2.87268, and 2, 994.66 cm™! centimeters per minute show fluctuations in the
-CH, bond. Therefore, we have confirmed that the adsorption of TKDABs on the surface of
montmorillonite has occurred.

TG (mg)
HeatFlow (V)

a00 350 400 450 500 550 500 650 700 750 800
Sample Ternperature (°C)
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Fig. 6. Results of TGA and DSC for Na - montmorillonite

This analysis demonstrates that, as temperature increases from 140 °C to 200 °C, the
weight of the sample under study decreases. This indicates that various phase transitions are
occurring (green line).

During the experiment, it was observed that as temperature increased, the weight
decreased, indicating that the composition is beginning to separate from its water content and
crystallize (Hadj-Hamou et al., 2017; Kurmangazhi et al., 2021; Wang et al., 2023). The rate
of weight change slowed by 15.788 mg, and the melting point appeared to be shifting (purple
line).
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TG (mg)
HeatFlovi (§V)
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0 50 100 o0 200 260 E) 350 400 a5 500 550 800 850 700 750 a00
Sample Temperature (°C)

Fig. 7. Analysis of DSC and TGA of orgonoclay obtained in the presence of TKDAB

The same phenomenon is observed, but the loss of mass from the orgonoclay produced
by TKDAB occurs more rapidly, indicating that the hydrocarbon chain present in TKDAB is
being oxidized in the presence of oxygen and breaking into smaller molecules that escape as
CO2 gas.

During the experiment, a decrease in the mass of the orgonoclay produced by TKDAB
was observed to slow down to 15.577 milligrams. Given the increasing interest in producing
drilling fluid with an organic medium rather than an aqueous one, despite the lack of such work
in Kazakhstan, a diesel-based drilling fluid has been produced and its technical characteristics
have been determined.

t=1 min t =48 hours

Fig. 8: Images of the drilling
fluid obtained in the time interval
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The composition of the drilling fluid is as follows: diesel fuel - 100 G; lime
(Ca(OH)2) - 4 G; orgonoclay - 4 G; polyacrylamide - 3 G; and halite - 4 G. This composition
was selected based on a gradual addition of components and monitoring of the fluid’s
technological properties.

Table 5. Description of the Drilling Fluid Sample

Properties p, kg/m? 1, Pa.sec pH
Drilling Fluid 1720 16,5 7

Table 6. Description of the Kumkol Oil Sample

Properties p, kg/ n, pH Mechanical
m3 Pa.sec additives, %
Kumkol oil 850 9,6 7 7

The drilling fluid was prepared in accordance with the specifications for all drilling
fluids. Its characteristics were then determined, including density, viscosity, and pH. The
relevant data are presented in Tables 5 and 6.

By comparing the characteristics of the drilling fluid with of Kumkol oil field, we can
conclude that it is suitable for use in oil drilling operations. Thixotropic properties, which are
typical of high-viscosity and bituminous oils, can be attributed to the presence of complex high-
molecular compounds that are prone to structuring, such as paraffins, resins, and asphaltenes.
Figure 9 illustrates the study of fluid viscosity as a function of time under shear stress.

200 -
2
1
150 4
‘<
n- 100 1
S’
-
50 4
0
0 100 200 300 400 500
v

Fig. 9. The relationship between shear rate and shear stress for oil from the Kumkol field and drilling
fluid based on orgonoclay TKDAB.

1- Drilling fluid; 2 - Oil from the Kumcol field

According to the results obtained, studies on the thixotropic properties of drilling fluid
consisting of orgonoclay were carried out over a period of 24 hours, and it was found that
rheological changes take place within 24 hours. The technical specifications of the drilling
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fluid and oil from the Kumkol field are relatively similar, and the polymer solution present in
them can create a slip layer in the wellbore, providing an optimal effect on smooth wellbore
movement. Therefore, this drilling fluid can be used for oil drilling in the Kumkol and similar
fields.

Conclusion

1. Four types of orgonoclays were developed from bentonite of Tagan origin in the
East Kazakhstan region at different concentrations of cationic surfactants: 1 - TKDAB; 2 -
DDMAB; 3 - CPB; and 4 - TMODAB.

2. The contact angle was measured using a drop of water on the surface of the
organophilic clay powder, and it was found that, at high concentrations of TKDAB, the
contact angle of a water drop was 170° and, in the presence of other TKDAB concentrations,
the contact angles were only 140°.

3. Stability of organophilic clays in organic media was studied using optical methods,
and the superhydrophobic clays obtained by TKDAB showed the highest stability, with
turbidity equal to 82%.

4. A method for producing modified orgonoclays by TKDAB has been established
during research, as well as a method for producing orgonoclays: diesel fuel - 100 G; limestone
- Ca(OH): - 4G; orgonoclay — 4G; polyacrylamide — 3G, halite — 4G.

5. As a result of the experimental research work conducted, a drilling fluid with
an organic medium based on diesel fuel has been developed, with the optimization of its
composition parameters and the determination of technical characteristics. Based on the gradual
addition of components and monitoring of technological fluid properties, the composition of
the drilling fluid was optimized and it was shown that the fluid can be used in oil drilling at the
Kumkol field and other similar fields.
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