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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, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS 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 KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @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 COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

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

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) 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€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK 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 ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

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

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX 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, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

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

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) 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 Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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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

AGABEKOV 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

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2023

7




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

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 6. Number 462 (2023), 196-207
https://doi.org/10.32014/2023.2518-170X.359

UDC 911.52

© N. Tauova'’, Zh. Yessenamanova?, M. Yessenamanova?, A. Tlepbergenova?,
A. Abilgaziyeva', A. Sakparova?, 2023
!'Sh. Yessenov Caspian University of Technology and Engineering,
Aktau, Kazakhstan;
2Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan.
E-mail: tauova76@mail.ru

TECHNOLOGY FOR THE PRODUCTION OF GROUTING CHLORIDE
OF A RESISTANT DRILLING MUD BASED ON A SULFUR COMPOSITE
MATERIAL

Tauova Nursaule — doctoral student in the field of training 8D07208 — "Geology and exploration of
mineral deposits", Sh. Yessenov Caspian University of Technology and Engineering, Aktau, Republic of
Kazakhstan

E-mail: tauova76(@mail.ru; https://orcid.org/0000-0003-1763-722X;

Yessenamanova Zhanar — master of Engineering and Technology "Applied ecology", doctoral candidate
of the PhD "Ecology" of Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan

E-mail: zhanyessen@mail.ru; http.//orcid.org/0000-0003-3868-4092;

Yessenamanova Mansiya — candidate of Technical Sciences, Kh.Dosmukhamedov Atyrau University,
Atyrau, Kazakhstan

E-mail: mansiya.73@mail.ru; https://orcid.org/0000-0002-5423-2857,

Tlepbergenova Anar — candidate of Pedagogical Sciences, Kh.Dosmukhamedov Atyrau University,
Atyrau, Kazakhstan

E-mail: anar 2808@mail.ru; http.//orcid.org/0000-0001-7373-8944 ;

Abilgaziyeva Aliya — doctoral student in the field of training 8D07208 — "Geology and exploration of
mineral deposits", Sh.Yessenov Caspian University of Technology and Engineering, Aktau, Republic of
Kazakhstan

E-mail: alivaabilgazieva79@gmail.com; https//orcid.org/0009-0001-8496-6931;

Sakparova Alyia — master’s degree, senior lecturer, Kh.Dosmukhamedov Atyrau University, Atyrau,
Kazakhstan

E-mail: sakparova68@mail.ru; https://orcid.org/0000-0001-66083-6845.

Abstract. In the article, as a solution to the problem of deep drilling
in salt-bearing sediments, the use of a grouting chloride-resistant solution based on a
sulfur composite material is presented. Sulfur is resistant to aggressive media (solutions
of acids and salts), water resistance, which indicates the possibility of obtaining
chemically and water-resistant building materials based on it. Modification of silica
gel with aluminum chloride was carried out by mixing reagents by heating at various
temperatures from 200 to 500°C with the ratio of astringent:filler is 1:1 and 1:1.5. An
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increase in the content of aluminum chloride to 5—8 % at a temperature of 200—400°C
increases the strength slightly. An increase in the modification temperature above 500°C
does not lead to a qualitative improvement in the strength properties of the composition,
which is probably due to the sintering of silica gel and a change in its crystal structure.
With an increase in the amount of modifying aluminum chloride additive, the water
absorption of samples continuously increases at any temperature of preliminary heat
treatment. The optimal ratio of binder to filler is 1:1 at a modification temperature of
500°C. Samples prepared according to the proposed formulation with an optimal ratio of
components have a high coefficient of resistance to HCI, H,SO,, CaCl,, NaCl, MgSO,
solutions, high impact strength (52 MPa), frost resistance (240 cycles) and density
(1,790 g/cm?).

Keywords: drilling mud, grouting chloride resistant solution, sulfur waste, silica gel
modification, aluminum chloride
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KYKIPT KOMIIO3UIUAJIBIK MATEPUAJI HET'T3IHJAE
TAMIIOHAX/bBI XJIOPUATI TYPAKTBI BYPIBIJIAY EPITIHAICIH AJTY
TEXHOJIOT'Ms1CBI

AHHoTamus. Makanajia Ty3/bl HIOTIHAUIEp/e TepeH OYpFbUIay MOCEJESCIH ISl
peTiHE KYKIPT KOMIIO3UITUSUTHIK MaTepHaIbIHA HET13IETEH XJIOPUIKE TO3IM/I epiTIiHAIHI
KOJNJaHy YChIHBUTFAaH. KyKipT arpeccuBTi oprara (KBIIIKBUIIAP MEH TY3IapIblH
epiTiHIepi), CyFa TO3IMIUTIKKE ne, OYJ1 OHBIH HETi31H/1e XUMUSIIBIK J)KOHE CyFa TO3IM/l
KYpBUIBIC MarepuanjapblH aly MYMKIHAIriH Kepcereai. CHIMKareibIi alrOMHUHHUHA
XJIOpUIIMEH MOIU(UKALUsIIAay TYTKBIP:TONTHIpFeI 1:1 sxkone 1:1,5 KaTbiHachiHIa
op Typii temneparypana 200-nen 500 °C-ka JeitiH KbI3AbIpy apKbLIbl pearcHTTep/l
apayiacTeIpy apKbLIBI JKY3€Tre achIphULABI. ANIOMUHUN XmopuaiHiH Kypambea 200—400
°C Temmeparypana 5-8% neiin apTTeIpy OEpiKTIKTi a3mam apTTeIpaabl. Momudukais
temrnepatypacsiHblH 500 °C-TaH >KoFapblIaybl KOMIO3UIUSHBIH OCPiKTIK KACHETTEPiHIH
caraJbl )KaKcapyblHa oKelIMen i, OyJ1 CHIIMKaresbiH aroMepanuscbIMeH K9HE OHBIH
KPUCTAJJIBIK KYPBUIBIMBIHBIH ©3TepyiMeH OailaHbICThl. AJIOMHHUN XJIOPHIIHIH
MOJUGUKAIMSUIBIK KOCIACBIHBIH MOJIIICPIHIH YJIFAlObIMEH Ke3 KEJIIreH alJiblH ajia
TEePMUSUTBIK OHIIEY TEMITepaTypachIHIa YIITLIepAiH CYAb CIHIPY1 Y3MiKci3 apTaabl. TYTKBIp
MEH TOJTHIPFBIMITHIH OHTalbl KaThiHAckl 500 °C Mommbukamus TemreparypackiHaa
1:1 xypaiigsl. KoMnoHeHTTepAiH OHTAibl apakaTbIHACBIHAA YCHIHBUIFaH (QopMyrna
Oo¥ipinma paibiganran yarinep HCI, H,SO,, CaCl,, NaCl, MgSO, epirinainepine
TO3IMILTIKTIH KOFapbl KO PHULHEHTIHE, )KOFapbl COKKbI OepikTirine (52 MIla), assra
to3imainikke (240 muki) *xaHe ThIFb3ABIKKA (1,790 r/em’) ue.
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TEXHOJIOI'USA NOJYYEHUS TAMITIOHAYKHOI'O
XJOPHUJTOCTOMKOI'O BYPOBOI'O PACTBOPA HA OCHOBE CEPHOI'O
KOMITO3UIIMOHHOI'O MATEPHUAJIA

AnHoTanusi. B cratbe B KauecTBe pelieHHsS MpoOieMbl [IyOOKOro OypeHHs
B COJIEHOCHBIX OTIOXKEHHUSAX TMPEACTABICHO HCIOJIb30BAHUE TaMIIOHAXHOTO
XJIOPUJOCTOMCKOrO pacTBOPa Ha OCHOBE CEPHOTO KOMITO3ULIMOHHOTO MaTepuana. Cepa
00J1a/1aeT CTOMKOCTBIO K BO3ZICHCTBHIO arpeCcCUBHBIX cpel] (PaCTBOPOB KUCIIOT U CONEH ),
BOJIOCTOMKOCTBIO, UTO TOBOPUT O BO3MO)KHOCTH MOJTYUYEHHs HA €€ OCHOBE XMMUYECKU
U BOJOCTOMKHX CTPOMTEIBHBIX MaTepuaioB. Moan(uKanuio CHIUKAres XJIOPUAOM
AIIOMMHHS OCYUIECTBIISUIM CMEUIEHHEM pPEareHTOB HarpeBaHMEM IPH pa3IMYHBIX
temreparypax oT 200 go 500°C mpu COOTHOIICHUM BsDKyIIee:HamodaHuTendb 1:1 u
1:1,5. VYBenuueHue coiepKaHus XJopuaa amoMuHus 10 5—8 % mpu Temieparype
200400 °C mnoBblIIaeT MNPOYHOCTh HE3HAUUTENbHO. [loBBIIIEHHE TeMmepaTypsl
Moguduumposanus Beime 500 °C He NPUBOOUT K KAaueCTBEHHOMY YIYUIICHHIO
MIPOYHOCTHBIX CBOIMCTB KOMITO3UIIMH, YTO CBSI3aHO, IO BCEH BUAMMOCTH, CO CIIEKAHUEM
CIWJIMKareiass M W3MEHEHHEM €€ KpUCTaNIM4eckoll CTpykTypbl. C yBenMueHUEM
KoJu4yecTBa Moauduuupyromed 100aBKM XJIOpHUAa allOMHHHUS BOJOMNOIVIOIIECHHE
00pa3LoB HENpPEphIBHO YBEIMYMBACTCS HPH JIO00H Temreparype MpeaBapHTEIbHON
TepM000OpaboTKH. ONTUMAaIbHBIM COOTHOIIEHHEM BSKYIIETO K HATIOIHUTEIIO SIBIISIETCS
1:1 mpu Temneparype momuduuupoanus 500 °C. OOpasupl, NPUTOTOBICHHBIE MO
npeasaraeMoi peuentype npu ONTHMAaIbHOM COOTHOIIEHHH KOMIIOHEHTOB, 00Ja1atoT
BBICOKMM K03 duumentom crokikoctu k pactsopam HCl, H,SO,, CaCl,, NaCl, MgSO,,
BBICOKOH ymapHO#l mpouHocThio (52 Mlla), mopo3ocroiikocThio (240 1MKIOB) H
mwioTHOCTEIO (1,790 r/cm?).

KaioueBbie cioBa: OypoBoil pacTBOp, TAMIOHAKHBIA XJIOPUACTOHKUI PacTBOp,
CEpHBIN KOMITO3ULIMOHHBINA MaTeprall, MOAU(PHUKALUS CHIIUKATENS, XJIOPUI aTFOMUHHUSL.

Introduction

One of the problems of deep drilling in saline deposits is the creation of salt-resistant
drilling fluids. The complexity of developing formulations of these solutions lies in the
fact that in natural conditions there are salt deposits (Tauova N. R., et al., 2022), different
in composition and properties. In salt complexes, gypsum (CaS0,-2H,0), anhydrite
(CaS0,), halite (NaCl), sylvin (KCI), carnallite (KCI- MgCl, - 6H,0), bischofite (MgCl,
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- 6H,0), polyhalite (K,Mg [Ca,] * [SO,] 2H,0), tachydrite are most often found (2MgCl
- CaCl, » 12H,0) (Kanbetov A.Sh., et al., 2023).

Depending on the conditions of formation of chemogenic deposits, salts can occur
either in the form of inclusions in sedimentary rocks (Belarus, Eastern Ukraine, Northern
Kazakhstan, etc.), or in the form of massifs (Lower Volga region, Western Kazakhstan,
etc.) (Seitov et al., 2021). As studies have shown on the study of sandy soils of the Tengiz
deposit of the Zhylyoy district of the Atyrau region of the Republic of Kazakhstan, all
lithological-facies groups of soils forming an engineering-geological section up to a
depth of 20.0 m are extremely saline with a chloride character of salinization (Tauova et
al., 2022). All lithological-facies groups of soils also contain carbonates, gypsum and a
small amount of organic substances. In terms of sulfate content, for most EGE Portland
cements range from non-aggressive to highly aggressive, while for chlorides (Heller et
al., 1966), all types of Portland cements are highly aggressive. The main difficulties that
arise when conducting wells in salt deposits are caused by the fact that when washing
wells, water-based drilling fluids are saturated with salts that cause intense coagulation
of clay particles, cavern formation on the walls of the well, collapses of clay layers,
plastic flow of reservoir salt. The aggressive effect of salts on drilling mud increases with
an increase in downhole temperatures. The temperature difference at different depths of
the drilling fluid circulation causes the under-saturation of the solutions at the bottom
and their supersaturation as the temperature in the well table decreases. In the upper
intervals of wells, supersaturation of solutions is accompanied by the crystallization of
salts deposited on the walls of the well and the drilling tool, narrowing the annular space
of the trunk and often leading to the seizure of the drilling tool.

In the process of circulation in the well from the bottom to the mouth, the drilling
fluid is gradually cooled as a result of heat transfer to the overlying rocks, drilling tools,
etc (Kabdushev et al., 2023). When saturated solutions are cooled, crystalline nuclei
are released only when the solution is supersaturated with salt. At the same time, in a
salt-saturated solution, molecules (ions) continuously combine into large groups; these
groups are kinetically unstable and quickly disintegrate if their solubility is higher than
the concentration of the electrolyte in the solution.

The crystallization of salts in the drilling mud, in addition to cooling and saturation
of the solution with salt, is also caused by the presence of a solid phase in it (drilled
rock particles, clay, etc.), on the surface of which the electrolyte is adsorbed (Leonovich
et al., 2016). As a result, there is an increased local concentration of the electrolyte up
to supersaturation, which causes salt crystallization. Therefore, in solutions with a high
content of the solid phase, the crystallization of salts will be greatest. Solutions with a
low solid phase content or clay-free systems (polymer solutions, invert emulsions, etc.)
are the most promising for maintaining salt equilibrium in the drilling fluid.

The formation of salt crystal growths on the walls of a borehole or drilling tool is
subject to the theory of layered crystal growth (Smolyago et al., 2014). Initially, a group
of salt ions joins the surface layer of crystals formed on the wall of the well, forming a
new energy region of crystallization until the completion of the ionic plane. After the
completion of each previous layer of salt, the process is repeated. The rate of formation
of such salt growths depends on the force field of its crystal lattice.
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The crystallization of salts from the drilling mud in the gutter system and hydraulic
strapping of the well causes large salt costs to saturate the solution before pumping it into
the well. This leads to salt overruns when drilling wells with flushing with unsaturated
solutions, and also causes increased erosion of the walls of the well as a result of their
dissolution in an under-saturated solution (Kemp, 1987).

In addition, the supersaturation of the drilling mud with one or another salt makes
it difficult to chemically treat drilling fluids with protective colloids. At the same time,
stabilization liquefaction occurs, accompanied by loss of the structure of the solution,
precipitation of the solid phase and the formation of plugs in the well, deterioration of
rheological properties and increased water output.

Materials and methods

The required amount of dry mixture for the preparation of grouting solution with a
given mixture composition, mixing fluid and water-cement ratio is determined by the

formula (Zvarygin, 2014)
[p

=

where Vp is the volume of the grouting solution; m is the water—solid ratio;

= ()

=1 %p;/ is the ratio of mass fractions to the density of components in the dry mixture
n ﬂ)

and Lty (pi is the ratio of mass fractions of liquid components to their densities. The

ratio of the mass fractions of the components of the grouting solution in the dry mixture

to their density:
noora; a a a
2. G) =G+ G+ ()
i=1 \P; D1 P2 DPn

wherea,a,a,, .., a are the mass fractions of the components in the dry mixture; p,,
P, P;> ---» P, are the densities of the components, t/m’.
The ratio of the mass fractions of the solidification liquid components in grouting

solutions to their density will be:

DN - o A o R

where b, b,, b, ..., b _are the mass fractions of the components of the mixing fluid;
P> P,» Ps» - P, are the densities of the components in the dry mixture, t/m’.
The required amount of each component of the dry mixture, T.
G1 = alacc! G2 = a2 Gcc! ey Gn = an Gcc.
The required amount of the closing fluid of the pancreas G=mG_ and the unnecessary
amount of components in the closing fluid
Gy = bIGccr G, = b? Gegr s Gy, = bk Ge..
The density of the grouting solution, t/m?,
B, = (G.c + Gi7 )V,
and the density of the mixing fluid with additives dissolved in it, t/m’,
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1

A
i=1 D,
Then the volume of the sealing fluid, m’, is easily determined from the ratio:
LG
Pr

For cement mortars intended for colmatation of cracks, the physical parameters of
cement are first determined: grade, density, volume weight and fineness of grinding of
grouting cement, and then the technological parameters of the cement mortar: density,
SNC, viscosity, filtration properties, and only then determine the stability of the solution
to the appropriate geological conditions.

The density of the solution is selected in accordance with the reservoir pressure in
the well. In wells with abnormally high reservoir pressure (AVPD), weighted cement
mortars are used, and vice versa, in wells with abnormally low reservoir pressure
(ANDP), lightweight cement mortars are used (Pichor et al., 2018).

Determine the density using devices — a pycnometer and an area meter AG-ZPP.

The most common method for assessing the mobility of grouting solutions is to
determine the spreading capacity along the AzNIA cone. Due to its simplicity, this
method is firmly rooted in the practice of testing grouting solutions and has replaced the
used method of viscosity assessment with the use of a funnel similar to the SPV-5 funnel
for measuring the viscosity of drilling fluids, but with a large tube diameter.

Results

There is drilling cement that can gain strength in an hour and has increased strength
characteristics. For example: PCT I1-SS-50. Portland cement grouting sulfate-resistant
with mineral additives, for low or normal temperatures. A solution based on it is
pumped into the well sufficiently liquid (up to 50 % water), but despite this, it gains
high strength with rapid hardening (in 1-2 hours, and finally — during the day) and it
gains strength even in water. Crushed clinker and gypsum are added to such cement,
as well as special additives that give increased fluidity and strength of the concrete
grade up to M600 values. Those who cast gypsum products know that liquid and
fluid gypsum mortar quickly gains strength. The same effect is with concrete based
on grouting cement. Why, with such properties of this cement, is it not widely used in
construction? Firstly, the price. It is much higher than the general construction brands.
What distinguishes alumina cement from all others is the ability to harden extremely
quickly in air or in water. To achieve this effect, the raw materials are processed in a
special way, fired, crushed. Therefore, the raw materials are necessarily soils enriched
with aluminum, and they are supplemented with alumina. It is because of the special
raw materials that the second name of alumina cement — aluminate — came about. As
mentioned above, alumina cement has a much shorter solidification time than other
types. This type is grasped within 45 minutes after application. The final solidification
takes place after 10 hours. In some cases, there is a need to speed up an already fleeting
process. Then gypsum is added to the original composition, obtaining a new variety —
the gypsum-alumina variant. It is characterized only by a faster setting and hardening
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time while fully maintaining high strength characteristics. Alumina cement is divided
into two large groups: expanding and mixed (Umraliev et al., 2019). The peculiarity
of expanding is the ability of raw materials to increase during the curing process. The
changes will not be noticeable to the eye, but this has a positive effect on the resulting
density of the monolithic cement block. The expansion occurs within 0.002—0.005 %
of the initial volume. Mixed samples are made mainly in order to reduce the cost and,
accordingly, the price of the product, but in some cases, additives provide additional
characteristics. For example, gypsum guarantees a higher rate of solidification, while
the cost of cement increases. Slags and other active mineral additives, on the contrary,
increase the setting time, but the price of such mixed cement is noticeably lower. To
reduce the cost, it is possible to use sulfur as a composite material. Kazakhstan is one
of the largest producers of elemental sulfur on the world market (Tengizchevroil LLP,
2019). It is mainly obtained as a by-product after separation of high-sulfur oil, is one
of the most common chemical elements in nature in the form of organic and inorganic
compounds, and is constantly present in all living organisms. In the solid state, sulfur is
relatively inert. When heated, it becomes chemically active, reacts with halides (except
iodine), does not combine with hydrogen under normal conditions. With metals, sulfur
forms sulfide and polysulfide. The properties of solid sulfur and its melt make it possible
to use it as a binder for the preparation of mastics, concretes, as well as an impregnating
material. Sulfur is resistant to aggressive media (solutions of acids and salts), water
resistance, radiation resistance, which indicates the possibility of obtaining chemically
and water-resistant building materials based on it (Yessenamanova, 2020). Modification
of silica gel with aluminum chloride contributes to an increase in the active centers of
the silica gel surface and the opening of sulfur rings.

The creation of a dense and strong structure is due to the formation of stable short
S—S bonds in oxygen and silicon during prolonged heating and stirring.

Preparation of SCM (sulfur-composite material) (Yessenamanova et al., 2011)
samples using aluminum chloride was carried out in two stages. Initially, the silica gel
was modified with aluminum chloride by mixing reagents during heating (200-500 °C),
and then the modified silica gel was introduced into the sulfur melt. As can be seen
from Figure 1, the dependence of the strength of the samples on the amount of AICI,
modifying additive is extreme. The best values of compressive strength have samples
after preliminary calcination at 500°C and with an aluminum chloride content equal
to 5 % by weight (Yusupova et al., 2018). The strength of the composition of such a
composition is 70 MPa.
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Figure 1. The dependence of the compressive strength of samples of sulfur compositions on the
content of aluminum chloride at different temperatures of preliminary heat treatment: 1-500 °C; 2—400°C;
3-300 °C; 4-200 °C. The ratio of astringent:filler is 1:1.

An increase in the content of aluminum chloride to 5-8 % at a temperature of 200—
400 °C increases the strength slightly. An increase in the modification temperature
above 500 °C does not lead to a qualitative improvement in the strength properties of
the composition, which is probably due to the sintering of silica gel and a change in its
crystal structure.
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Figure 2. The dependence of the compressive strength of samples of sulfur compositions on the
content of aluminum chloride at different pre-calcination temperatures: 1-500 °C; 2—400 °C; 3-300 °C;
4-200 °C. The ratio of astringent:filler is 1:1.5.

Probably, modification of silica gel with aluminum chloride at low temperatures is
not carried out or does not occur fully and a sufficient number of electrophilic sulfur
activation centers are not formed on the surface of the silica gel.

The aluminum chloride content of -5 % by weight and the modification temperature
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of 500 °C, we believe, are optimal conditions for activating the silica gel surface, and
can significantly increase the strength of compositions with this binder: filler ratio.
With an increase in the filler content (ratio 1:1.5), a decrease in the strength of the
sulfur composition is observed (Fig. 2), which is mainly due to the lack of binder. The
maximum strength of the samples does not exceed 42 MPa. With an increase in the
amount of loose modifying additive, the strength of the samples continuously decreases
at any temperature of preliminary heat treatment (Yesenamanova et al., 2011).

The analysis of Figures 1 and 2 shows that the samples have the maximum strength
at a ratio of binder: filler — 1:1 and is 70 MPa. The optimal modification time is 30
minutes (500°C).
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Figure 3. Dependence of water absorption of samples of sulfur compositions on the content of
aluminum chloride at different pre-calcination temperatures: 1-200 °C; 2-300 °C; 3—400 °C; 4-500 °C.
The ratio of astringent:filler is 1:1.
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Figure 4. Dependence of water absorption of samples of sulfur compositions on the content of
aluminum chloride at different pre-calcination temperatures: 1-200 °C; 2-300 °C; 3—400 °C; 4-500 °C.
The ratio of astringent:filler is 1:1.5.
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The dependence of the water absorption of the obtained samples on the content of
aluminum chloride in the binder and the modification temperature at different binder:
filler ratios are shown in Figures 3 and 4.

It can be assumed that the "molecular sorption" of aluminum chloride, which has a
vacant d-level, is the basis for the activation and binding of sulfur on the surface of'silica
gel to form a monolayer. The formation of a nonporous dense structure under these
conditions leads to a decrease in the sorption properties of silica gel.

Increasing the modifying additive to 15 % at this temperature increases the water
absorption of samples by 40%. Probably, the excess of the modifying additive leads to
loosening of the structure of the samples.

Reducing the modification temperature to 200 °C also increases the water absorption
of'samples (up to 4 %). It is possible that the modification of silica gel at low temperatures
is not fully carried out and chemically unrelated aluminum chloride, which has high
hygroscopicity, loosens the structure of the samples.

The dependence of water absorption of samples of sulfur compositions with a binder:
filler ratio equal to 1:1.5 has a slightly different character (Figure 4).

With an increase in the amount of modifying aluminum chloride additive, the water
absorption of samples continuously increases at any temperature of preliminary heat
treatment. Moreover, even the initial samples without the addition of aluminum chloride
do not meet the requirements of the state standard (ST RK 1261-2004, 2004). The lack
of binder, and consequently, the loose structure of the samples and the formation of
voids in it can explain this. Since samples of the optimal composition were selected,
further tests were carried out for the best samples.

Table 1 presents the results of physical and mechanical tests of samples obtained
under optimal conditions with an aluminum chloride content of -5 % by weight.

As can be seen from the table, the samples prepared according to the proposed
formulation with an optimal ratio of components have a high coefficient of resistance
to HCI, H,SO,, CaCl,, NaCl, MgSO, solutions, high impact strength (52 MPa), frost
resistance (240 cycles) and density (1,790 g/ cm?).

With the dense contact of modified silica gel, filler and sulfur, i.e. during heating
and subsequent pressing, it is possible to form new chemical interatomic bonds and
the appearance of physical interfacial interaction forces that ensure optimal structure
formation in the system at the micro and macro levels.

Table 1 - Physical-mechanical and operational parameters of sulfur composite material (AICL, — 5 %

by weight)
The ratio Modi- Sample | Frost Water | Im- Resistance coefficient
of binder | fication |density,| resi- abso- pact
to filler, tempe- r/cm® | stance, | rption | stre-
mass. rature, T°C number | %by | ngth, | 5% | 5% | 5% | 5% 5%
of cycles | weight | MPa | HCl | H SO, | CaCl, | NaCl | MgSO,
1:1 400 1,786 230 2,80 36 10,967 | 0,952 | 0,965|0,979 | 0,965
1:1,5 400 1,660 190 3,98 25 10,9321 0,922 | 0,930 | 0,935 | 0,931
1:1 500 1,790 240 2,32 52 10,972 0,963 | 0,969 | 0,983 | 0,968
1:1,5 500 1.730 200 3,58 27 10,936 | 0,927 | 0,934 | 0,938 | 0,935
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Conclusion

When drilling deep in saline deposits, it is necessary to use salt-resistant drilling
fluids. The use of chloride-resistant drilling fluids is relevant for the Tengiz deposit
(Collins etal., 2014), which is characterized by an increased content of chlorides. Among
all drilling cements of grouting mortar, alumina cement is capable of extremely rapid
solidification in air or in water. The use of sulfur as a component of a sulfur composite
material with high strength properties and resistance to aggressive environments could
solve the problem of supersaturation of drilling mud with salt. To form these properties of
materials, it is necessary to ensure the chemical binding of sulfur with other components.
It is established that when using electrophilic and nucleophilic modifiers, the interaction
of components is intensified as a result of the formation of active centers in the surface
layer of amorphous silica. In the case of aluminum chloride, the process of interaction
of sulfur with silica-containing components takes place without activation. Physical and
mechanical tests have established that the developed materials have high mechanical
properties, resistance to aggressive media such as chloride salts. It is shown that the
resulting compounds have high binding energies, i.e. they are stable compounds. The
optimal ratio of binder to filler is 1:1 at a modification temperature of 500 °C.
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