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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

3



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 ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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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 «HanmonanwsHas 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

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
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Abstract. The article presents the results of research on the purification of reservoir
waters after underground borehole leaching of uranium and other minerals, and also
studied the chemical, mineralogical and sorption properties of brown coal, sodium
humate, benthic clay, shungite-containing aluminosilicates. According to the IAEA's
data on uranium reserves in the subsurface, Kazakhstan shares the world championship
with Australia. Moreover, 75.3 % of the republic's uranium reserves are concentrated
in deposits belonging to the formation-infiltration type, located in the largest Shu-
Sarys province on the Eurasian continent and suitable for mining by the method of
underground borehole leaching (UBL). UL, which originated as an idea in the 50s of
the twentieth century in the United States, is currently a recognized method of uranium
mining. Since 1988, uranium has been mined in the Republic of Kazakhstan by this
method. Laboratory studies conducted at the D. A. Kunaev. Institute of Mining on water
purification from heavy metals have shown that natural materials such as bentonite clay,
as well as derivatives. Intensive development of uranium deposits in Kazakhstan and an
increase in production volumes in the next 15-20 years by the UBL method creates a
problem of contamination of groundwater and surface waters with heavy metal ions and
radionuclides. In acidic residual solutions, the pH reaches 1.5-3.0, sulfates, chlorides,

95



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

nitrates accumulate, the concentration of which is 610 times higher than the maximum
permissible concentration (UBL) in drinking water, the concentration of aluminum and
iron ions exceeds 3.0-5.0 times, lead and cobalt 30-50 times, and manganese 1,700
times.

Keywords: minerals, mining, water purification, clay, shungite

The article was prepared as part of grant funding for the scientific project “Technology
for obtaining an adaptogen drug based on humates from coal and wild plant extracts to
create sustainable vegetation cover at man-made sites (AP14871298).
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Annoranusi. Makanaga ypaH MeH Oacka Ja maigansl Kaz0amapabl KepacTsl
YHFBIMAJBIK CUITICI3ASHIIPYACH KeiliH KabaT cylIapblH Ta3apTy OOMBIHIIA 3epTTEYIEepIiH
HOTHIKEJIepi, COHJali-aK KOHBIP KOMIpAiH, HATPUH T'yMaTbIHBIH, OCGHTOHHUT Ca3bIHBIH,
KypaMblHa LIYHTUT Oap altoMOCHIMKATTapAbIH XUMUSUIBIK, MUHEPATOTHSIIBIK JKOHE
copOumsbIk KacuerrepizeprrenreH. MATATO nepexrepi OoibIHIIA Kep KOHHAYbIHAAFbI
ypaH Kopsl OoiibiHIIa KasakcTan ABcTpaivsMeH aiieM OipiHniiirid 6emiceni. COHbIMEH
Katap, peciyOnuKaHbIH ypaH KopaapbeiHbiH 75,3 %-b1 Lly-Capbicy npOBHHIMSICHIHBIH
Eypa3us KypnbIFbIHAAaFbl €H ipi OpHajlacKaH >KOHE >KepacThl YHFBIMAIBIK CLITiNEY
(OK¥C) Ttocinimen enzeyre xapamabl KaOaTThIK-WHQHUIBTPALMSUIBIK YJTire KaTaThlH
KEH OpBIHAApbIHAA mOoFbIpinanFad. XX FaceipasiH S0-mi sxeuinapeinga AKII-ta naes
peTine maiiga OoJiFaH KepacThl CUITUICY Ka3ipri yakbplTTa ypaH OHIIpYyAiH TaHbLUIFaH
onici 6ombin TadbLTaAb. 1988 sxpinnan 6actan KP-ga ypan ocsl oicnien enaipineni. J.A.
Konaes arbiagarsl Ken icTepi MHCTUTYTBIHIIA aybIp METaJIapAbl OHAIPYIE CyAbl Ta3apTy
OObIHILIA 3epPTXaHANBIK 3epTTEyIep OCHTOHUT Ca3bl CUAKTHI TAOMFU MaTepHaAapIbIH
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KaTbIHACYBIMEH JKYpeTiHi 3epTrenai. Kazakcranna ypaH KeH OpBIHAAPBIH KapKbIHIIBI
urepy koHe kakbiH apaga 15-20 xburga XK¥ C oniciMeH eHIIpy KeJIeMiH YIIFaluTy jkep
aCTBI JKOHE XKEP YCTi CyIapbIHBIH aybIp METaJUl HOHAAPBIMEH KOHE PAJHOHYKIHITEPMEH
JacTaHy npoOlieMachiH TyAbIpaThIHbl Oenriii. Kpimkein kanapik epitinginepinge XY C
pH 1,5-3,0-re xeryimeH Karap, cyibdarrap, XJIOpPHATEp, HUTpPATTAp >KUHAIAIbI,
oJIap/bIH KOHIICHTPALMSICHI aybl3 CyAa WIeKTi pyKcar etinreH memnmepnaes (LLIPK) 6-10
ece, AIIOMUHHMN MEH TeMip HOHAAPbIHBIH KoHIeHTpanusichl 3,0-5,0 ece, KOpFachblH MEH
koOaneT 30-50 ece, an mapranen Tiniti 1700 ece acaupbl.
Tyiiin ce3nep: naiiganel Kazoanap, eHAIPY, CyIbl Ta3apTy, ca3, IIYHTUTTEP
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AHHoTanus. B crarbe npuBoAUTCS pe3ynbTaThl HCCIeI0OBAHUN IO OUMCTKE IJIACTOBBIX
BOJl MIOCJIE€ TOJI3EMHOTO0 CKBa)KMHHOTO BBIIIENAUYMBAHMS ypaHa M JPYI'MX IMOJE3HBIX
HCKOTIAEMBIX, & TaKKe M3Y4YeHbl XMMHUYECKHE, MUHEPaJOTHYECKHUE M COPOIMOHHBIC
CBOHMCTBa Oyporo ymis, rymara HaTpusi, OGHTOBHHOBOM IJIMHBI, ITYHTUTCOAEPIKAIINX
amomocunukaros. [lo nanueiMm MATI'ATD no 3anacam ypana B Henpax, Kazaxcran c
ABcTpanueil aenut nepBeHcTBO B Mupe. Ilpudem 75,3 % 3anacoB ypaHa pecnyOiauKu
COCPEOTOUEHO B MECTOPOXKACHUSX, OTHOCSIIMXCS K IUIaCTOBO-UH(PHUIBTPALUOHHOMY
THUITY, PacTIOJIOKEHHBIX B KpynHeliei Ha EBpasuiickoMm koHnTuHeHTe Llly-Capbicyckoit
MPOBUHLMU M TPUTOAHBIX AJS OTPAaOOTKH CIIOCOOOM IOI3EMHOTO CKBa)KHHHOTO
BoienaunBanus (IICB). 1B Bosnukiiee kak uaes B 50-x romax XX-seka B CILIA
B HACTOSIIEEe BpEeMsl SIBISIETCS MPU3HAHHBIM MeToaoM NoObrum ypana. C 1988 1. B
PK ypan noGwiBactcs »tM crnocobom. IIposenennsie B UIJ] um. H.A. KynaeBa
nabopaTopHbIe MCCIIEOBAHUS TI0 OYMUCTKE BOJ OT TSDKENBIX METaJIOB MOKa3alH, YTO

97



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

MIPUPOJHBIE MaTepUabl, TAKUC KaK OCHTOHUTOBAs IVIMHA, a TAKXKe MPOU3BOIHBIC W3
YIS ¥ NIYHTHTCOJIEPIKAIIUX ATFOMOCHUIMKATOB MOTYT OBITh IPUMEHEHBI JIJISi OYUCTKU
IJTACTOBBIX BOJ IMOCJIE 3aBEPIICHUS JOOBIYU TIOJNE3HBIX HMCKOMaeMbIX. HTeHCHBHAs
pa3paboTka MecTopoxaeHui ypaHa B KazaxcraHe u HapaliuBaHHE OOBEMOB JIOOBIUU
B Onmxaiimee 15-20 ner cnocooom [1ICB co3naer mpobiaemy 3arps3HEHUS MTO3EMHBIX
U TIOBEPXHOCTHBIX BOJ MOHAMH TSKEIBIX METAJJIOB U PAJUOHYKIUIAMU. B KuCIBIX
ocrarounbix pactBopax [ICB pH nocrturaer 1,5-3,0, HakarumBaroTcs Cylib(aThl,
XJIOPUABI, HUTPATBl, KOHIEHTpalus KOTOphIXx B 6—10 pa3 mpeBbllIacT MNpeAesbHO
noryctumyto (I1/IK) B muTheBo#l Boze, KOHIICHTpAIlMsl MOHOB AJTIOMHHHUS U JKele3a
npebiniaet B 3,0-5,0 pas, cBuHIa u kodanera B 30-50 pas, a mapranua B 1700 pas.
KuroueBbie ci10Ba: MOJIE3HBIC UCKOIIAEMbIE, I00ObIYA, OYHCTKA BOJIbI, INIMHA,

ITYHTUTHI

Introduction

The long-term strategy of the republic provides for the solution of one of the tasks -
the restoration of disturbed natural ecological systems in the region of intensive mining.
In Kazakhstan, which has a powerful raw material base of uranium, oil and coal, the
complex hydro-ecological situation is predetermined by a number of natural man-made
factors, including: the widespread distribution of natural ground and underground waters
with a high content of radionuclides and heavy metals, the presence of a large number
of foci of contamination in the form of radioactive dumps rocks and water discharges
during geological exploration and exploitation work at mineral deposits. In the process
of operation, a mining enterprise certainly disrupts the eco-balance in the region, and in
particular, the most vulnerable underground hydraulic system, which leads to changes in
hydrochemical conditions and the quality of groundwater. In the production provinces
of uranium mining, one can observe a high content of radionuclides and heavy metal
ions.

The same excess of MPC is observed for other microelements. In terms of the
amount of dissolved salts, they are in most cases brackish or saline, and due to the
epigenetic processes of the formation of uranium polyelement ore deposits, they
always contain environmentally hazardous concentrations of stable elements (selenium,
arsenic, bromine, fluorine, iron, manganese, chromium, vanadium and molybdenum,
etc.) (Zabaznov, 2004).

The recommended materials, according to the research data, have a fairly high
sorption capacity and, in addition, the deposits of these sorbents are located in close
proximity to the ISR sites. This is an important factor in the economic assessment of
the developed technology, since transportation is the most expensive expense item.
Fossil brown coal was studied, as well as one subjected to pyrolysis to remove volatile
components and activate the surface, and humic preparations from brown coals.

Brown coal from the Kiyakta deposit (Ulytau region, Kazakhstan) contains up to
60—70 % humus, up to 30% amorphous silica, and the pH of the water extract does not
exceed 6.7-7.0. From these data it follows that the introduction of coal into formation
waters will reduce the acidity of the environment, and the presence of a significant
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amount of humic compounds, which exhibit a tendency to ion exchange, the formation
of strong complexes with heavy metals, and redox reactions, determines the versatility
of this natural sorbent. In addition, the presence of amorphous silica, which has well-
developed porosity and reactivity, enhances the sorption properties of brown coal.
Sodium humate was obtained using known technology from brown coal and biolayer
(Zabaznov et al., 2001).

An analysis of the mineralogical composition of the clay from the Shukuroi deposit
showed that it mainly represents a genetic mixture of montmorillonite (65-75 %) and
hydromica; muscovite, biotite, and kaolinite are found in small quantities as impurities
(no more than 5 %). It is known that the cation exchange ability of clays is mainly due to
the presence of montmorillonite in them and is determined by the sum of exchangeable
ions of sodium, calcium, magnesium, hydrogen and aluminum (Zhalgasuly et al., 2018).

Shungite-containing aluminosilicates of the Kok-Su deposit are mainly represented
by silicon oxide (40—70 %), and their content of carbon and mineral components is
6—12 %, about 5 % aluminum oxide, potassium and sodium 0.4—1.5 %. They are silicate
rocks of quartz-serecite schists with a layered shungite structure. The presence of a large
amount of silicon, exchangeable sodium and potassium cations, as well as a layered
structure predetermine the possibility of using them as a sorbent to reduce the salinity
of formation waters (Zhalgassuly et al., 2020).

A unique feature of Kazakhstan's uranium reserves is that 75 % of them are
concentrated in deposits associated with regional zones of reservoir oxidation. This type
of deposit is not widespread in the world. In the Republic, these deposits are concentrated
mainly in the Shu-Sarysu, Syrdarya and Ili uranium ore provinces.

With IBL uranium, the release of radioactivity into the atmosphere is significantly
lower than with traditional mining methods of mining and processing uranium ore. Wells
filled with liquid throughout the entire period of operation prevent the release of radon
from the subsurface. During borehole leaching, only about 20 % of the main radioactive
elements enter a mobile state in the subsurface and are brought to the surface, compared
to 100% with traditional mining methods. There is also no need to build tailings storage
facilities with a high level of radiation from the stored material. Solutions coming
from leaching sites have a low level of radiation as a result of the poor solubility of
radium and short-lived daughter products of the decay of U-238; only a very small part
of Ra-226 and other radionuclides of the uranium-radium series is sorbed on the ion
exchange resin simultaneously with uranium. In addition, groundwater near and within
the contours contains elevated concentrations of Ra-226.

The virtual absence of disturbances and surface contamination allows the land
to be returned for further use in a short time. The main problem of environmental
protection during borehole uranium mining comes down to preventing contamination
of groundwater, this problem is especially relevant when the ore-bearing aquifer or
adjacent aquifer serves as water use objects.

Significant amounts of sulfates, chlorides, bicarbonates, iron, aluminum, nitrates,
radionuclides and other trace elements accumulate in IBL solutions. Contamination of
groundwater with these solutions can occur in the event of their significant spreading
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beyond the boundaries of exhausted deposits or individual deposits along ore-bearing
and adjacent aquifers. The ingress of hazardous components into drinking water can
lead to serious environmental consequences. Hence, the rehabilitation of groundwater
from residual technological solutions of IBL is one of the main and urgent tasks of
mining.

Materials and basic methods

Ways and methods of aquifer reclamation. As a result of the research, the sorption
capacity of each sorbent was determined. The sorption capacity of the studied sorbents
in laboratory conditions was determined with a particle size distribution of coal of class
up to 5 mm, in the range of 0.1-0.05 mm, and of bentonite clay from 0 to 1 mm. Under
these conditions, the amount of natural sorbent required to purify 1 liter of residual
solution was calculated using the formula:

ZC'ocm B ZCm)K
qn.c: = . 4 e
N (1)

where is the total concentration of harmful components in the residual solution, mg/I;

>Spdk — the total concentration of harmful components according to the maximum
permissible concentration for drinking water, which is 1000 mg/1;

N - maximum sorption capacity of natural sorbent, mg/g.

From practical data it follows that the total mineralization of residual solutions after
IPS can reach 17,000-30,000 mg/1.

Thus, the total amount of impurities that must be neutralized to the permissible limit
(MPC) reaches 16,000-29,000 mg/g.

Laboratory studies have established that the sorption capacity for the sum of
components reaches 24.13 mg/g for bentonite clay and 24.16 mg/g for pyrolyzed brown
coal. To neutralize impurities contained in 1 liter of residual solution, it is necessary to
introduce from 540 to 1208.3 g of sorbent. That is, according to the calculation results,
the T:W ratio will be close to 1:1,1:2. Under the condition of one-time injection of the
sorbent into the formation, its state of aggregation will be close to paste-like. In this
case, certain difficulties will be created, such as movement along highways, and if the
pumping unit fails, given the tendency of bentonite clay to swell, a thick gel will form,
which will be difficult to pump into the formation.

In this regard, it is necessary to reduce the mass of the sorbent, which can be
achieved by increasing its activity. It is known that substances in a finely dispersed state
become more chemically active. Purely physical grinding processes associated with
the application of mechanical forces cause chemical reactions or changes in reactivity.
Mineral substances activated by grinding are characterized by high sorption capacity,
and mechanical activation stimulates the emission of electrons, increasing the free
surface of the substance. Since the reactivity and sorption capacity increases due to
mechanical activation, the amount of sorbent can be significantly reduced. This reduces
the viscosity of the suspension, facilitating the process of moving them along the line to
the pump and further into the formation.
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As studies have shown, based on the sorption of heavy metals and sulfate ion from
model solutions with bentonite clay from the Shukuroi deposit and pyrolyzed brown
coal crushed to a particle size of 25 microns, it has been established that the optimal
amount of bentonite and coal for the sorption of heavy metals can be 15 mg/l. At the
same time, the degree of purification for lead, copper and zinc is 83-92 %, 98.8-80 %,
72-66 %, respectively, and the concentration of sulfate ions is reduced to 33.8-37.3 %
(Figure 1).
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Figure 1 — Dependence of the degree of purification of solutions from heavy metals

One of the representative objects in this case is the Dzhidinsky tungsten-molybdenum
plant, located in the Republic of Buryatia, which is a dangerous source of environmental
pollution precisely due to the significant amount of waste accumulated in the dumps and
tailings, including hazard classes II and III.

They are intensively oxidized, leached and destroyed, which leads to a change in
the mineralogical and material composition of technogenic deposits, the removal of
elements and the formation of dispersion halos around the dumps. As a result, the tailings
obtained as a result of ore processing do not correspond to the original composition of
the enriched material (Fedotov et al., 2016).).

The choice of reclamation methods is determined, first of all, by the method of using
various solvents: sulfuric acid (experience of the CIS countries, partly the USA) or
carbonate (US experience), and possible methods of water purification are divided into
artificial and natural.

Rehabilitation of groundwater purification is carried out due to external influences
- activities associated with pumping, injection of solutions of a certain composition,
processing them on the surface with or without the addition of chemical reagents.
Natural restoration of horizons is based on the use of more extensive, but more reliable
natural processes, such as the action of the natural flow of groundwater delineating the
mined area, dispersion (dispersion), sorption phenomena in the subsurface, etc. Various
combinations of natural and artificial recovery methods are also possible.

If the geological environment does not have the initial and residual resources for
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self-healing or there is a need to rehabilitate the quality of groundwater in the shortest
possible time, then it is necessary to resort to artificial treatment methods.

The first group involves the extraction of residual solutions from the subsurface
and their purification from harmful substances on the surface. In this case, the entire
arsenal of chemical technology methods is used - sorption on ion-exchange resins,
extraction, electrodialysis, flotation and freezing, concentration by evaporation and
many others. These methods are extremely expensive; recycling of individual valuable
components does not compensate for all costs. At the same time, significant masses
of non-recyclable harmful substances accumulate on the surface (tens and hundreds
of tons from one waste disposal site). According to VNIIPromtekhnolog, the costs of
restoring the quality of groundwater using the specified methods in the cost of the final
product range from 17 to 50 %.

The second group of methods is focused on neutralizing solutions directly in the
subsurface. The following techniques are used here: displacement of residual solutions
with compressed air into the surrounding rocks and electrochemical methods of in situ
cleaning; neutralization of solutions at the site of occurrence with soda; reduction of U,
As, Se and Mo with sodium sulfite solutions; microbiological methods of purification
by introducing natural microflora cultivated on the surface into ore-bearing horizons;
pumping residual solutions from the ore-bearing horizon to underlying horizons with
high neutralizing and reducing capacity of the lithological environment, etc. Below is
a brief description of the main methods and results of their use for the rehabilitation of
groundwater.

The method of washing in the subsoil in relation to the sulfuric acid method. The
ISV method of washing has been studied in laboratory conditions and partially tested in
a pilot scale at the Uvanas field in Kazakhstan.

The most representative data on the use of this method were obtained at block No.
50. 13 wells with an average flow rate of 2.5 m3/hour were involved in pumping out
residual solutions. During six months of experiment, about 140 thousand m of solutions
were pumped out, which amounted to about 1.5 pore volumes of the block. During
this period, pH values increased in the western part of the block from 1.3 to 1.6, in the
central part - from 1.7 to 1.9. At the same time, the amount of residual sulfuric acid in
the western part remained practically unchanged and remained at the level of 2.6 g/1, in
the central part it decreased by half (from 1.7 g/l to 0.8 g/l) and in the eastern part - from
1.7 g/l to zero.

The displacement of residual solutions with compressed air was also tested at the
pilot site of the Uvanas field. The experimental block was circular in shape with a radius
of 50 m, the thickness of the productive horizon was about 10 m, the active porosity
was 0.2, and the total mineralization of residual solutions was 23 g/l. Air was pumped
into 6 wells with a total average flow rate of 600=700 m3/hour, residual solutions were
pumped out from three wells located in the center of the site, with a total average flow
rate of 6+8 m3/hour. During the experiment, control was carried out over the air flow
through injection wells, solution flow rates, groundwater level and the position of the
air-solution interface in the contour of the experimental area. During 150 days of air
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injection, about 10 thousand m of residual solutions were simultaneously pumped out,
which amounted to more than 85 % of the pore volume of the area.

The method of reagent purification of residual solutions on the surface involves the
construction of a complex of chemical production facilities for reagent precipitation
of components of contaminated water. With one of the chemical methods - liming -
solutions are purified from iron, aluminum and a group of ions that can co-precipitate
with the corresponding hydroxides. The mineralization of the solution after liming
is reduced to 2+6 g/l and is mainly determined by the presence of calcium sulfate in
the solution. The processing of the suspension formed during liming is carried out by
flotation, since the thickening process under these conditions is ineffective due to poor
compaction of hydroxides. Solid waste obtained after vacuum filtration must be buried
because it contains radioactive components.

After filling with sludge, such storage ponds are backfilled. The change in the
composition of solutions after chemical retraining and after electrodialysis processing
is shown in Table 1.

Table 1- Change in the composition of solutions after electrodialysis processing of various metals

OrnpenernsieMblii OcTaTouYHbIH PactBop nocine xumuueckoit Jwtroar, Mr/n
KOMIIOHCHT CEPHOKHUCIIBIIA PacTBOP, 00paboTKH, MI/JT

MI/JT
Kanuit 160 150 1,46+5,8
Harpuit 860 3500 135+465
Kanbmmit 452 440 1,6+3,2
Marunii 700,8 655 H.O0
Keneso obuee 568,1 H.o H.0
AMMOHMIT 37,5 35,7 H.0
ATIOMUHUI 729 H.O H.O
Cynbdar 10560 9360 120,6+577,7
Xnopung 307,9 183 10,0+18,4
Hurpar 650 590 9,4+27,0
pH 2,25 10,5 9,25+9,9
O6mas muaepanuzauus | 15025 14914 278+1100

The composition of the diluate obtained using precipitation-electrodialysis
technology, shown in the table, shows the deep demineralization of residual EPS
solutions and their suitability for domestic and drinking water supply.

A similar method of reagent purification of solutions was used in industrial
conditions in Czechoslovakia at the Straz deposit. Station productivity 3 m/min, initial
total mineralization of residual solutions 6+7 g/I. Purified water containing sulfates up
to 2 g/l and nitrates up to 50 mg/g was discharged into the river network. The solidified
sludge was fed to the tailings dump of GMZ Gamr. The cost of cleaning under these
conditions exceeds those above by 3—4 times (Roshal et al., 1979; Liu Zhu et al., 2023).

Taking into account the above, when preparing natural sorbents for the introduction
of a layer in the form of a suspension, we studied the grinding process and determined
the dependence of the particle size distribution on the grinding time; the selection of
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the optimal T:L ratio was carried out to obtain a stable suspension; The activity of the
crushed sorbent was studied.

From the above brief review of existing methods for rehabilitating aquifers after
uranium ISR, it follows that for a number of objective reasons, no country using this
mining method has yet specifically defined any of these methods or their complex. The
legislative component of this problem has not been fully developed.

At the same time, we have to admit that all these technologies, unfortunately, are
difficult to implement, require significant costs and are not effective enough, since in
the end they again involve the construction and maintenance of solid radioactive waste
storage facilities. The costs of groundwater restoration using these methods range from
20 to 50 % of the cost structure of the final product.

Therefore, the author of this work has made an attempt, based on a generalization of
some published materials, as well as data from his own research, to determine the place
of the hydrogeochemical method of aquifer rehabilitation in this serious issue.

Results and discussion

Specific surface area is one of the most important physicochemical characteristics of
sorbents. It was determined by the acetic acid adsorption method. Based on the results of
the experiment, adsorption isotherms were constructed and the specific surface areas of
the original coal, as well as the processed raw material, were calculated for 30 minutes.
At the same time, an increase in the specific surface area was observed from 4.7 m2/g
(initial coal) to 8.4 m2/g (mechanical treatment for 30 minutes) (Figure 2).
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Figure 2 - Adsorption isotherm of acetic acid on coal
Kiyaktinskoye field

The results obtained show that during mechanical processing of coal, the specific
surface area and potential increase, and therefore its sorption activity increases.

Numerous studies (Mohammad et al., 2019; Ablaevaetal., 2002; Jiménez et.al., 2018;
Fayeq Abdel Hafez Al-Ajalin et al., 2020; Kudryashov et al.,2004) on the mechanical
activation of mineral substances indicate that crushed substances are characterized by
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an increased supply of free energy, which to one degree or another depends on the
method of influence on the crushed material and the rhythms of the grinding apparatus.

Since the activation of mineral substances largely depends on the type of grinding
apparatus, an analysis of technical means was carried out from the point of view of
their use as activators. The analysis showed that for grinding coal, the technical
characteristics and capabilities of the RETSCH vibration mill and disk mill DM 200
meet the requirements.

The main advantage of the disc mill is the large initial particle size of the material
with a side length of up to 200 mm and the final fineness of up to 100 pm, which can be
achieved within a few minutes.

The crushed coal is then mixed with water or residual solution to be introduced into
the formation. Laboratory studies conducted in 20162017, the results of sedimentation
analysis, as well as experience with water-coal suspensions, showed that coal particles
in suspensions tend to settle, which leads to stratification of the suspensions.

The results of studies with T:F ratios of 1:9; 2:8; 3:7; 4:6; 5:5; 6:4; 7:3; 8:2;, 9:1 are
given in Table 2.

Table 2 — Results of studies to optimize the ratio of coal: water

T:K | ArperatHoe | Bpems paccimauBanus | T:XK | ArperatHoe cocTosiHUue Bpewms paccianBanus
COCTOSIHHE

1:9 | Cycnensus >2 yac 6:4 | Bnaxxnas perxiiast macca | He paccrnanBaeTcs
2:8 | Cycnensus >2 yac 7:3 | Bnaxxnas peixinas macca | He paccnauBaetcs
3:7 | Cycnensus >1 vac 8:2 | Ilouru cyxoil yrons He paccnausaercs
4:6 | CycneHsus 30 Mun He paccrnausaercs

5:5 |Ilacra xunkas | He pacciauBaercs

As follows from the results of the studies, at a ratio of 1:9 to 3:7, a fairly stable
suspension is formed that does not separate within 1-2 hours.

Increasing the coal content to T:L 5:5 (1:1) leads to the formation of a pasty mass
that is quite thick. This fact may call into question the possibility of its injection into the
reservoir. A further increase in the solid phase changes its state of aggregation from a
wet, loose mass to an almost dry state.

To determine the degree of homogenization and operating parameters of mixing,
laboratory experiments were carried out to physically simulate mixing conditions (Table
3).

It should be noted that, ideally, mixing the components should lead to the formation
of a homogeneous mixture, and the ratio of the components in any volume taken at
different points of the mixer should be the same. In practice, deviations from ideal
mixing conditions are always observed, the magnitude of which depends on factors
such as:

- mixing method (fluidized bed mixing, pouring, etc.);

- features of the design of mixers and operating modes (degree of filling, speed and
nature of material circulation, design of the working body, etc.);
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- physical and mechanical characteristics of the mixture (ratio of components,
particle size distribution, density of components, the possibility of their interaction
during mixing.

Sampling was carried out at specified points. To do this, after stopping the mixer,
samples were taken from different places in the body of the mixer using a special
sampler. The weight of the sample taken was justified depending on the problem being
solved. The smaller the sample weight, the more accurately the quality of the mixture
can be characterized. However, it is impossible to reduce the weight of the sample
excessively, since there comes a time when an excess or deficiency in the sample of
one of the components, calculated in one or more particles, significantly affects the
quantitative assessment of the mixing index.

A quantitative assessment of mixing using the mixer in question was carried out on
model mixtures using the heterogeneity coefficient:

. 100 (XM, (x; —m)?
m n—1

I%J

where X; - i -th value of the parameter;

m - average value;

n - number of samples.

To determine possible stagnant zones of the mixer, we considered the process of
mixing coal (fraction <2 mm) and granulated polyethylene, the granules of which differ
sharply in shape and color from coal particles (Table 3). After mixing, the number of
polyethylene granules in each sample was visually determined. Samples were taken
from two extreme points from the bottom of the phase in the system that changes its
state of aggregation from the wet mixer container, as well as two points in the upper and
one central region of the mixer container.

The results obtained show that for bulk materials, homogeneous mixtures are
obtained with mixing durations above 2 minutes. In industry, the quality of mixing is
considered satisfactory if the heterogeneity coefficient does not exceed 20 %.

To determine the quantitative characteristics of the homogeneity of the mixture, an
experiment was performed in which the coal in the mixer was irrigated with water
through a nozzle. The amount of water introduced into the mixture corresponded to real
conditions and amounted to 20 % of the mass of coal.

Table 3 - Dependence of the quality of mixing brown coal with polyethylene on mixing time

Bpewms nepemermBanus, MuH | ConepKaHue IpaHyI MOJHATHIICHA B Koadhdurment
podax, MTyK HEOJHOPOAHOCTH, %o
0,5 36 34 21 9 10 58,2
1 29 28 18 17 17 28,2
2 23 19 22 23 20 8,5
3 22 25 24 20 21 9,3
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The experiments were carried out using brown coal from the Kiyakty deposit of
fraction <2 mm, the homogeneity of the mixture was assessed based on the moisture
content of the samples, determined according to the GOST 27314-91 method with
rounding the result to a whole number.

The results obtained are presented in Table 4. The mixing time was counted from the
moment the water was added, which was 3—5 minutes. As can be seen from the table
data, a completely satisfactory degree of homogenization occurs already with three
minutes of mixing coal with water.

Table 4 - Dependence of the quality of mixing brown coal with water on time

Bpewms nepeMerinBanus, MUH BrnaxnocTh cMecH B mpodax, % Koadpdpuument
HEOJTHOPOIHOCTH, %
1 51 31 40 22 34,4
2 29 30 41 46 22,9
3 34 38 35 39 6,5

The data obtained indicate the compliance of the mixer and the technological line as
a whole with the goals and objectives of preparing sorbent from brown coal from the
Kiyakty deposit.

Thus, from the results of the tests, the conclusion follows: coal grinding should be
carried out either in a vibratory mill or a disk mill based on the principle of abrasion
of the product for 15-30 minutes. Increasing the grinding time leads to aggregation of
the smallest particles. The chemical activity of the sorbent crushed in this way reaches
a maximum, as evidenced by the indicators < potential and specific surface area of
dispersed particles. The amount of water introduced varies from 50 % to 90 % and is
determined by the operating parameters. Mixing time is 3—5 minutes. Preparation of
a suspension of bentonite clay for injection into a clay reservoir for injection into a
Teservoir.

The rock-forming minerals of clays used for sorption are various minerals of the
montmorillonite, hydromica, palygorskite and kaolinite groups. In practice, clay rarely
has a monomineral composition; more often it contains several clay minerals. The base
used for our bentonite clay research is montmorillonite.

Chemically, clays are hydrated aluminosilicates. Each clay has a certain number
of exchangeable ions. The most common clay minerals have the following exchange
capacity: montmorillonite - 0.8—1.5; hydromica - 0.1-0.4; palygorskite 0.2-0.3 and
kaolinite - 0.03—0.15 mol/kg (Ogata et al., 1961; Apblett et al., 2001; Xu Pan, Wang
Wei-qiang et al., 2015).

When preparing a clay solution, the primary dispersion of the solid phase occurs.
The dispersity of this phase depends on its properties, initial particle sizes, method and
duration of grinding. Typically, complete dispersion does not occur during the cooking
process. A significant mass of solid phase particles in the initial disperse system is
aggregates of fine particles. Under the influence of loads, these aggregates are destroyed;
due to the adsorption decrease in hardness and disjoining pressure, the material splits
with the formation of smaller particles. As experiments have shown, there is a certain
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duration of the process, an increase in which no longer leads to further dispersion of
solid particles and a change in the properties of the dispersed system.

o prepare clay solutions and evaluate their technological properties, the following
clays were used: Tonkerian bentonite of two types, pink and green, and local clay from
the Boraldai deposit.

The suitability of clay raw materials for preparing solutions was assessed in
accordance with the requirements of the standard using a VSN-3 rotational viscometer.
The tested clay was mixed using a mechanical propeller-type mixer for 20 minutes, kept
for 16-20 hours, then mixed again in the mixer and the viscosity of the suspension was
determined on a viscometer at a rotation speed of 600 min-1 (Figure 3).

As can be seen from the graph above, the viscosity of clay solutions largely depends
on the nature of the clay and its chemical composition. Therefore, when preparing the
sorbent for injection into the formation, it is necessary to determine the viscosity of the
clay solution.
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Figure 3 - Dependence of solution viscosity on clay content

An equally important step in the preparation of clay sorbent is the mixing process.
Mixing dough-like materials represents an intermediate case between mixing in a liquid
medium and mixing solid bulk substances. Very often, the same mixers are used for
mixing viscous liquids and thin pastes as for low-viscosity Newtonian liquids, and some
devices for mixing doughy masses are used for mixing solid bulk materials.

Taking into account the above, the clay was filled with water, kept for 1-2 days and
then mixed in a mechanical propeller mixer for 10 minutes and the viscosity of the
solution was measured on a VSN-3 viscometer. After obtaining satisfactory results, the
solution was sent to the pipeline for injection into the reservoir.

The sorbent preparation unit satisfies the conditions obtained during the development
of methods for the preparation of brown coal and bentonite clay sorbents. The results
of the study on the preparation of clay sorbent showed that to obtain a suspension, it is
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enough to mix bentonite clays with water and leave them for 2 hours at a T:L ratio of
1:2 to 1:4. The “clay:water” ratio is determined, as already indicated, by the chemical
and mineralogical composition of the clay, its tendency to swell and the viscosity of the
solution. Experience with drilling fluids shows that the density of the clay fluid should
not exceed 1.22 g/cm3, and the conditional viscosity should not exceed 60 s.

When characterizing technogenic changes during mining, the authors consider it
important to emphasize that this technology, in general, only intensifies the natural
processes of changing the phase state of matter due to a sharp change in the redox
situation of the host hydrochemical environment. All elements passing into solution
are initially present in the ore horizon in the solid phase. The amounts of sulfates (acid
leaching) or carbonates (alkaline) introduced in this case are negligibly small compared
to their natural volumes in the waters and rocks involved in the process of underground
leaching. In other words, in this complex process there is no artificial technogenic
pollution of the environment, but only an intensive impact on it (Grando et al., 2016;
Cline et al., 1998; Grant et al., 2002; Fakhru’l-Razi et al., 2009).

Based on this, it becomes legitimate and logical to say that if such an impact is
stopped, the natural redox processes of the aquifer will begin to be restored and,
accordingly, the demineralization of groundwater will begin.

Conclusion

1. The sorption properties of previously unexplored organomineral rocks of
deposits in Kazakhstan, brown coals, bentonite clays, and shale carbon-containing
aluminosilicates were studied.

2. The chemical and sorption properties of oxidized brown coal from the Kiyakty
deposit, which is prone to sorption of heavy metals, but does not purify water from
sulfate ions, are assessed, which is explained by its chemical composition.

3. Bentonite clay from the Shukuroi deposit has high sorption properties with respect
to both cations and anions and ensures purification of water from impurities up to 95 %.

4. The sorption properties of shale carbon-containing aluminosilicates were assessed,
it was found that the sorption capacity of this sorbent is not large, but provides a degree
of water purification of up to 40-70 %.

5. It has been established that sodium humate isolated from brown coal exhibits
high chemical activity, reacts with heavy metal ions, and forms strong complex
organometallic compounds. The formation of coagulants with impurity anions leads to
a decrease in their concentration in water and the degree of purification reaches up to
95-98 %.

Concluding that the experiments performed allow us to conclude that the most
effective natural sorbents among those studied are the biolayer of the Kiyakty deposit,
brown coal subjected to pyrolysis and bentonite clay, and coals in their natural form do
not absorb sulfate ions, and shungite-containing aluminosilicate shales also have low
sorption capacity.
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