ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

KA3AKCTAH PECITIYBJIMKACBHI
YJITTBIK FBIJIBIM AKAJIEMUACBHI

Satbayev University

XABAPIIAPDBI
N3BECTUA NEWS

HAHHOHAHBHOﬁ AKAJIEMHN OF THE ACADEMY OF SCIENCES

HAYK PECITYBJIMKUA OF THE REPUBLIC OF

KA3AXCTAH KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

3 (459)

MAY - JUNE 2023

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



I Clarivate
Analytics

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

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

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



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

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

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

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
Hepmexumus, mexHoN02UlU U3GLeHeHUs MEMAI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

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

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

Scientific secretary

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

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

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

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

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

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

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

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

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

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

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© Zh.S. Kenzhetaev, K.S. Togizov, A.K. Omirgali*, E.Kh. Aben,
R. Mrzabayeva, 2023
Satbayev University, Almaty, Kazakhstan.
E-mail: amabek@inbox.ru

INTENSIFICATION OF INHIBITOR-ASSISTED URANIUM ISL PROCESS

Zhiger Kenzhetaev — Doctoral Student of the Mining Department at the Satbayev University

E-mail: kzhiger@yahoo.com. ORCID ID: https://orcid.org/0000-0003-2009-6655;

Kuanysh Togizov — PhD, Professor, Satbayev University

E-mail: k.togiz@satbayev.university. ORCID ID: https://orcid.org/0000-0002-4830-405X;

Armanbek Omirgali — Doctoral Student of the Mining Department at the Satbayev University

E-mail: amabek@inbox.ru. ORCID ID: https://orcid.org/0000-0002-5916-3504;

Erbolat Aben — Candidate of Technical Sciences, Associate Professor, Satbayev University

E-mail: y.aben@satbaev.university. ORCID ID: https://orcid.org/0000-0001-8537-229X;

Zhalikyzy Raushan — Satbayev University. «National Academy of Sciences of the Republic of Kazakhstan
E-mail: rosh85@mail.ru. ORCID ID: https://orcid.org/0000-0003-2349-3162.

Abstract. Decrease in filtration characteristics of ores under complex mining and
geological conditions affects the dynamics of uranium extraction from the subsurface
and increases the repayment period of technological units and operating costs. In this
regard, prevention of gypsum sludging during the in-situ leaching (ISL) of uranium
ores for its intensification at enterprises in the Republic of Kazakhstan is a crucial
task. Development of productive horizon treatment techniques with specific reagents
accounting the mineralogical composition of ores and the structure of sludge-forming
materials shall increase the efficiency of the mining. The X-ray phase studies of
core mineralogical composition and sludging of productive horizons in Santonian,
Maastrichtian and Campanian ore intervals allowed determining the factors impacting
the ore filtration characteristics. Laboratory tests on agitated leaching of uranium from
core samples using inhibiting additives enabled to select an effective composition and
concentration of chemical reagents to prevent the gypsum sludging. The process borehole
experiments resulted in development of a technique for treatment of productive horizons
with chemical inhibiting agents. Laboratory studies on effective inhibiting additives for
uranium ISL processes led to formulation of a productive horizon treatment procedure
to provide the intensification of uranium recovery under complex mining and geological
conditions. The developed method of uranium ISL intensified production allowed
increasing its efficiency and reducing production costs by 5-7%. Besides, it reinforced
the environmental and industrial safety of the uranium ISL process.
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WHTUBUTOPIAPIBI MAWJAJIAHA OTHIPLII YPAHHBIH
YHFBIMAJIBIK )KEPACTBI INAMTMAJIAHYBIH KAPKBIHJIATY
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Apmanbexk Omipraau — CorbaeB yHuBepcuTeTiHiH Tay-keH (akynbTeTiHiH JOKTOPAHTEI
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Annoramus. Kypaeni Tay-KeH-TCONOTHSUIBIK >KaFaiiaapia KeHIEpHAiH CY3y
CUIaTTaMaJIapbIHBIH TOMEHJICYl Kep KOHHAayblHaH ypaH ajy JUHAMHKAChIHA Tepic
ocep ereli JKOHE TEXHOJOTHSUIBIK OJIOKTapIbl OHJICY KE3eHIH JKOHE OHIIpyre
apHaJFaH TainajgaHy IIBIFBIHIAPBIH apTThipansl. Ocbiran OaitmanbicTel KazakcTaH
PecriyOnuKachiHBIH KOCIMOPBIHAAPBIHAA YPaH/bl YHFBIMAJIBIK OHIIPYIl KapKbIHAATY
MaKcaTblHla ypaH KEHJEPiH >KepacThl MaiManay Ke3iHIe TMIC TYHOACBIHBIH Maija
0oybIH OOJIZBIPMAY aca MaHBI3/IbI XKOHE ©3€KTI MiHAeT 0oJbIN TabblIaabl. KeHaepain
MUHEPAJIOTHSUIBIK KypaMbIHA OHE TYHOA TY3€TiH MarepuaapiblH KYPbUIBIMBIHA
OalmaHBICTHl apHABl peareHT — WHTHOUTOpIapMEH OHIMAI TOPH30HTTHI OHJIEY
TEXHOJIOTHACHIH 93IpJiey ypaH/Ibl JKEPAacThl YHFBIMAJBIK IIaiiMajiay THIMIUTITIH
apTTBIpyFa MYMKiHAIK Oepeni. KepH yirinepiHiH MHHEpPaIOTHSIIBIK KYPaMbIH KOHE
Canton, Maactpuxr xoHe KammaH keH apajibIKTapbIHBIH OHIMJI TOPU30HTTAPBIHBIH
MIOTIHAICPIH 3ePTTey YIIIH PEHTreHAIK (a3aliblK 9IICTI KOJNJaHy KeHISPIiH Cy3iTy
CUIaTTaMaJIapbIHBIH TOMEHJICYIHE ocep €TETiH Heri3ri (akTopiapasl aHBIKTAayFa
MYMKIHZAIK Oep/1i. UHruOUTOpIbIK KOCHaIap ikl KOJIZIaHa OTIPHII, KEPH ChIHAMaTapbIHAH
ypaHIbl aruTalUsUIBIK IHaiiManay OOMBIHIIA 3epTXaHANIBIK TKIpUOenep THUIIC
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TyHOaNapeIHBIH Nakiga OodyblH OONAbIpMay YIIIH XUMUSUIBIK peareHTTepAiH THIMAI
KypamMbl MEH KOHLEHTPAUMACHIH TaHJayFa MYMKiHIIK Oepai. TexHOomIorusibIK
YHFBIMaNap/a 3KCIEPUMEHTTIK ToKipuOesep )Kyprisy HoTHXKeCiHAe OHIM/i TOPU30OHTTHI
XUMUSUIBIK PeareHTTep-HHrHOUTOpIapMeH OHJICYAiH apHaibl oJicTeMeci jKacallfbl.
VYpaHabpl YHFBIMAIIBI )KEPAcThl LIaliMaay poLecTepiHe HHIHOUTOPIIBIK, KOCTIATapIbIH
ocep €Ty THIMAUITIH TaHAay »>KOHE aHBIKTay OOMBIHIIA 3epPTXaHANbIK >KOHE
MPAaKTUKAAAFbl TOKIPUOENTIK 3epTTeyNIep HOTHXKECIHAE KYpAETi Tay-KeH-TEONIOTUSIIBIK
KaFainapaa ypaH aly KapKbIHOBUIBIFBIH apTThIpyFa MYMKIHAIK OepeTiH eHimui
TOPU3OHTTHl OHJIEYIIH apHaibl spicTeMeci o3ipieH[i. YpaHIbl YHFBIMAIBIK OHIIpYyAl
KapKBIHAATYIbIH 931pJIEHTeH S[iCTEMECIH KOJIJaHy YpaHAbl YHFBIMAIBIK ©HAIPYIiH
TUIMJIUTITIH apTTHIpYyFa JKoHE OHAIpYyre apHalFaH Maianany WBIFbIHAAPEH 5-7% - Fa
KBICKapTyFa MYMKiHAIK Oepeni. By perre ypaH keHaepiH Iaiimamnaynsl KapKbIHAATY
KYMBICTapBIHBIH 3KOJOTHUSUIIBIK JKOHE OHIIPICTIK Kayinci3airi aprasl.

Tyiiinai ce3mep: ypaHabl maiimanay, HHTUOMTOP, YHFBIMANapAblH TyHOa Ty3lmy
LUK, YpaH Melepi, eHiMIl epiTiHai

Kap:xbruianaeipy. 3eprrey Ne AP19575556 rpant 6oiibiHiua Feueim Komurerinin
Kazakcran Pecnybnukacel Feutbim sxone Koraper BOiniM MuHUCTpIIrT KapKBUIBIK
KOJIIaybIMEH OPbIHAIbI.
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CarnaeB YHuBepcutet, Anmarsl, Kazaxcran.
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HMHTEHCUO®UKALUA IOAZEMHOI'O CKBA’KUHHOI'O
BBIIIEJTAYUBAHUSA YPAHA C IPUMEHEHUEM UHI'MBUTOPOB

Annoranus. CHrXeHue QUIBTPaIHOHHBIX XapaKTEPUCTHK PYJl B CIIOKHBIX TOPHO-
T€0JIOTHYECKUX YCIOBUSAX HETAaTUBHO OTPAXKaeTCsl Ha AMHAMMKE W3BJICUCHUS ypaHa U3
HeZp ¥ yBETMYMBAET EPUOA OTPAOOTKH TEXHOJIOTHYECKUX OIOKOB M OKCIITyaTallHOHHbIE
pacxoasl Ha fo0ObITY. B 9TOH CBS3M IpeA0TBpallieHHE TUIICOBBIX 0CaKO00pa30BaHUI IPU
MOA3EMHOM BBIIIEIaYMBAaHUN YPAHOBBIX Py C LENbl0 HHTCHCU(HUKALNN CKBAYKUHHON
no0bIYM ypaHa Ha npeanpustusx Pecnyonuku Kasaxcran siBisercst BecbMa BaXHOU H
aKTyanpHOH 3anmadeil. PazpaboTka TexHomoruu 00paboTKH NPOAYKTUBHOTO TOPU30HTA
CHeLUaIbHBIMU PeareHTaMi — HHIMOUTOPaMH B 3aBUCHMOCTH OT MUHEPAJIOTHYECKOTO
cocTaBa pyd M CTPYKTYpbl 0OCaAKOOOPa3yIOIIMX MaTepualioB, MO3BOJHT TOBBICUTDH
3¢ PEeKTUBHOCTh MOA3EMHOTO CKBaKMHHOTO BBIIIEIaYMBaHuA ypaHa. [IpuMmeHeHue
peHTreHo(}a3oBoro MeTona HMCCIEAOBAaHUN MHHEPAJOrHYECKOTO COCTaBa KEPHOBBIX
mpod 1 0cagKooOpa3z0BaHM MPOLYKTUBHBIX TOpH30HTOB CaHTOHCOTO, MaacTpUXTCKOTO
n KaMmmaHCKOro pymHBIX WHTEPBAJIOB MO3BOJIMIO ONPENEIUTh OCHOBHBIE (AaKTOPHI
BIMAIOUINE Ha CHIDKEHHE (QUIBTPAlMOHHBIX XapakTepucTuK pya. JlaGopatopHsie
OTIBITHI I10 ATUTALUOHHOMY BBILIETAaYMBAHHUIO YPaHa U3 KEPHOBBIX P00 C IPUMEHEHHEM
HHTUOMPYIOIINX J00aBOK MO3BOJIMIIO TO00PaTh 3 PEKTUBHBIN COCTAB U KOHIIEHTPALIHIO
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XMMUYECKHX PEareHTOB JUIsi NPEAOTBpAICHHs THUIICOBBIX 0CaIKO00pa30BaHUM.
B pesynbrare npoBeleHHS OKCIEPUMEHTANBHBIX ONBITOB Ha TEXHOJIOTHYECKUX
CKBa)XMHaX OblTa pa3paboTaHa cCHenHaibHAsS METOIUKa 00pabOTKH MPOAYKTHBHOTO
TOPU30HTA XUMHUUYECKUMH peareHTaMu-UHruouTopamu. B pesynsrare 1abopaTopHBIX U
OTIBITHO-IIPAKTHYECKUX HCCIIENOBAaHUH MO MOA00pY U ompeneneHuo 3(pGEeKTHBHOCTH
BO3/EHCTBUSI MHTHOMPYIOMIMX J00aBOK Ha MPOLECCHl TMOA3EMHOT0 CKBa)KHHHOTO
BBILLENIAYMBAaHUSl ypaHa Obuia pa3paboTaHa crHenuaNbHas METOOMKa OOpaboTKH
MPOIYKTUBHOTO TOPU30HTA, MO3BOJIIONIAS TOBBICUTH HMHTEHCHBHOCTH H3BIICUCHHS
ypaHa B CJOXXHBIX TOPHO-TEOJIOTHUECKUX YychoBusX. [IpuMeHeHue pa3zpaboTaHHOM
METOIUKH HHTCHCU(PHUKALWN CKBXMHHOW IOOBIYM ypaHa, IO3BOJSET IOBBICHTD
3¢ PEeKTUBHOCTH CKBAXKUHHOM JOOBIYH YpaHa U COKPATUTD SKCILTYaTallHOHHBIE PACXO/IBI
Ha 100614y Ha 5 — 7 %. IIpu 5ToM HOBBIIIAETCS SKOJIOTUYECKAs! U MPOU3BOJCTBEHHAS
0e3omacHOCTh pabOT UHTEHCH(PHUKALIMH BILICTaYMBaHUS YPAHOBBIX PYI.

Ki1roueBble c10Ba: BhIlENaYMBaHUE ypaHa, HHTUOUTOP, 0CAAKOOOpa30BaHHE, IUKIT
paboThI CKBaXXWH, COAEPIKAaHKUE ypaHa, IPOAYKTUBHBIA PacTBOP

dunancupoBanue. lccrnenoBaHue BBIMOTHEHO MMpH (UHAHCOBOW MOAACPIKKE
Komurera Haykm MuHHCTEpCTBa HayKHM M BbICIIETO oOpas3oBanus PecnyOnuku
Kazaxcran, rpant NeAP19575556.

Introduction

Uranium is the most significant element fundamental to nuclear power. According to
the International Energy Agency (IEA), the renewable and nuclear power will dominate
the growth of global electricity supply over the next three years, meeting on average
over 90 % of additional demand (Khawassek et al., 2016). China, India and South East
Asia are expected to account for more than 70 % of growth in global electricity demand
over the next three years. The China's share of global electricity consumption is now
projected to reach a new record: one-third up by 2025 compared to one-quarter in 2015
(Rashad, 2020; Atia et al., 2018). At the same time, advanced economies are looking to
expand electricity use to displace fossil fuels in sectors such as transport, heating and
industry (Chen et al., 2018).

The increasing demand for uranium can be met by exploitation of hydrogenous
deposits, represented by poor or low-grade ores (chats), as well as ores under complex
mining, geological and hydrogeological conditions (Nikitina et al., 2019: 1). Deposits
of the second group of poor ores containing uranium reserves until recently have
not been commercially exploited by conventional mining methods due to technical
and economic reasons (Panfilov et al., 2016:160). Introduction of the economically
viable ISL technology has expanded the mineral resource base of natural uranium by
mining the poor ores (Kuandykov et al., 2020: 6). However, under difficult mining and
geological conditions, deposits with low filtration characteristics of ores are subject to
decline in production rates (Yusupov et al., 2018: 2). This is caused by use of sulphuric
acid solutions as a solvent in uranium mineralization, which interacts with carbonate
and clay minerals of the productive horizon, resulting in sludging of quartz, gypsum,
and clay minerals (Rakishev et al., 2019: 7) (Rakishev et al., 2019: 6). This reduces
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productivity of production wells and injectivity of injection wells, create impermeable
areas and reduce the uranium content in the productive solution (Kenzhetaev et al.,
2022: 3).

Improvement of filtration characteristics in low permeability ores requires new
approaches, scientific and technical solutions to effectively disrupt and prevent
sludging in productive horizons (Yusupov et al., 2017: 4). One method is the addition
of chemicals to the leaching solution, inhibiting the gypsum sludging process during
the uranium leaching (Zammit et al., 2014). In order to select an effective inhibitor,
laboratory studies were carried out to determine the mineralogical characteristics of ore
core samples and sludge-forming components from productive horizons of an uranium
deposit in the Syrdarya depression.

Materials and basic methods

Establishing the composition, quantitative and qualitative characteristics of ores
and host rocks, and sludging should enable determining the minerals reacting with
sulphuric acid solutions in order to select optimal parameters and concentrations of
chemical reagents. Use of inhibitors during uranium leaching under complex mining
and geological conditions should prevent sludge formation, increase productivity of
geotechnological wells, reduce production costs by reduction of well downtime and
repayment time of technological units. Table 1 shows results of the X-ray phase studies
of core samples from productive horizons of the Syrdarya depression uranium deposit.

The X-ray diffractometric analysis was carried out with an automated diffractometer
DRON-3 of Cu,, radiation, B-filter, under the following conditions: U=35 kV; I=20 mA;
0-20; detector 2 deg/min. The X-ray phase analysis on a semi-quantitative basis was
carried out using diffractograms of powder samples using the method of equal weights
and artificial mixtures. Quantitative ratios of crystalline phases were determined.
Interpretation of diffractograms was carried out using ICDD: Powder Diffraction File
(PDF2) and diffractograms of impurity-free minerals (Rakishev et al., 2020).

Table 1. The X-ray diffraction analysis of core samples

Mineral Formula Santonian tier, % Maastrichtian tier, % Campanian
tier, %
Quartz SiO, 90.8 54.7 66.3
Smectite KAIL(AISi,O,)(OH) - 27.0 -
K-Feldspar | KAISi,O 9.2 10.1 5.7
Kaolinite AL(Si,0)(OH), - 6.7 11.6
Gypsum - - - 16.4

Results of the X-ray phase analysis of core samples from productive horizons show
partial similarity in the mineralogical composition of the Santonian, Maastrichtian and
Campanian tiers. However, the presence of kaolinite 6.7 % and smectite 27 % in the
Maastrichtian sample indicates the formation of ion-exchange colmatation caused by
swelling of clay minerals due to interaction with sulphuric acid solutions. The presence
of'kaolin 11.6 % and gypsum 16.4 % in the core sample of the Campanian tier indicates
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the formation of complex soluble gypsum sludge and the swelling of kaolinite. All
this leads to multiple increase in volume, reduction of pore space and formation of
impermeable areas in the productive horizon. The latter causes the flow of leaching
solutions through the non-ore areas, so that the uranium content in the production
solution falls, resulting in slower recovery of uranium from the subsurface. Table 2
shows results of the semi-quantitative analysis of sludge samples taken from wells
penetrating various productive horizons.

Results of the X-ray phase studies of samples from the Santonian tier well indicate
that the sediments consist of gypsum (100 %). Sediments from boreholes in the
Maastrichtian tier predominantly consist of gypsum (88.9 %), and quartz (5.1 %), albite
6.0 %). Sediment samples from wells of the Campanian horizon are multicomponent
and consist of quartz (35.6 %), gypsum (16.7 %), calcite (8.9 %), albite (33.9 %),
microcline (4.9 %). The Campanian tier sediments, as compared to the Santonian and
Maastrichtian tiers, consist of many components and have a complex structure. The
Campanian ore horizon is dominated by mechanical sludging, whereas in the Santonian
and Maastrichtian tiers the sediments are entirely of chemical origin.

Table 2. The X-ray phase analysis of sludge samples

Mineral Formula Santonian tier, % | Maastrichtian tier, | Campanian tier, %
%
Quartz Si02 - 5.1 35.6
Gypsum Ca(S04)(H20)2 100 88.9 16.7
Calcite Ca(CO3) - - 8.9
Albite (Na0.75Ca0.25) - 6.0 33.9
(A11.268Si2.7408)
Microcline (K.95Na.05)AlSi308 - 4.9

The studies established quantitative and qualitative characteristics of core and sludge
samples taken from process wells penetrating the different tiers of a productive horizon.
The wells in the Santonian and Mastrichtian tiers were found to have predominately
gypsum sediments of chemical origin. Prevention of gypsum sludging, increase of
filtration characteristics of productive horizons in order to intensify the ISL processes
are complex procedures requiring the specific chemical inhibitors. In order to determine
an effective dissolution of uranium minerals, the laboratory studies of agitated uranium
leaching from core samples were carried out using various inhibitors.

The laboratory utilised the most well-known and available inhibitors: the
nitrilotrimethylene phosphonic acid (NTP) and the oxyethyldiphosphonic acid (OEDP)
and the “BP 8000 EKROS” mechanical stirrer. The procedure envisages pouring of
150 grams of the leaching solution into a thermostatic beaker, then adding of 50 grams
of the core material into the beaker. The leaching time varied from 10 to 30 minutes;
concentration of sulphuric acid in the leaching solution was 10 g/1. Table 3 shows results
of the analysis, the uranium content in the leaching solution of different composition.
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Table 3. Effect of IOMS on uranium content in the productive solution

Parameters Exposure time, min Type of leaching solution
10 15 20 25 30
C, mg/l 4,09 4,54 4,73 4,81 4,91 Initial
C, mg/l 4,16 4,48 4,56 4,63 4,69 Input of 10 mg/l of OEDP
Effect, % +1,71 -1,32 -3,59 -3,74 -4,48
C, mg/l 431 4,52 4,83 4,74 4,65 Input of 10 mg/l of NTP
Effect, % +5.4 0,44 2,11 _1,46 5,29

Table 3 shows the uranium content in the productive solution in the initial leaching
solution ranged from 4.09 to 4.91 mg/l. When 10 mg/I of the OEDP inhibitor was added
to the leaching solution, the uranium content in the productive solution at the initial
stage showed 4.16 mg/l; when 10 mg/1 of the NTP was added, the uranium content in the
productive solution reached 4.31 mg/l. The change of uranium content in the productive
solution with time depending on leaching solutions of different composition is shown
below (Fig. 1).

5 4.9
4.9 4.81 4,81
4.8 = i 60
4,7 4 L
[— [
S 4,54 :
E s .
S5 44 4,31
¥
4,3
4.8 |4 1b
4,1
i, 04
4 .
19 1% 1] i 19
Tirne {min)
=== inikial + inhibior 1 == origina imitiad = mhitor J

Fig. 1. The uranium content in the productive solution as a function of the composition of leaching
solutions

The figure 1 shows that the uranium content in the productive solution gets higher
after adding inhibitors 1 and 2 (4.16 and 4.31 mg/l respectively) compared to that
in the initial leaching solution (4.09 mg/l) with 10 g/l of sulphuric acid. That is, the
addition of inhibitors into the leaching solution prevents the neutralizing of sulphuric
acid by host minerals, the sludging of gypsum and diverts the dissolving energy on
uranium minerals. This can increase the productivity of geotechnical wells and uranium
content in the productive solution, reduce the consumption of sulphuric acid and the
mining operating costs. An effective use of inhibitors intensifying the in-situ uranium
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production (ISL) under complex mining and geological conditions requires a special
treatment technique of productive horizons (Rakishev et al., 2022: 4). Figure 2 shows
the feeding of inhibitors into the leaching solution during the uranium ISL process.
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Bt opeiam
s et pipe lise

Fig. 2. Outline of supply of inhibitors into the leaching solution through the acidification
process unit (APU):
1 - replaced tanks with inhibitors; 2 - fixed empty containers; 3 - fixed container with an inhibitor; 4 -
shut-off valve; 5 - pressure release line; 6 - dosing pump; 7 - discharge valve; 8 - manometer; 9 - check
valve; 10 - electric contact manometer; 11 - flow meter; 12 - reagent supply line to a fixed container; 13 -

emergency drain container; 14 - emergency light signalization.

Inhibiting agents are supplied from transported tanks into a pipeline with the leaching
solution through the acidification process unit (APU), under continuous injection of
the leaching solution. Inhibitors are added to the leaching solution until reaching the
assumed radius of spreading from the injection well filter of 25-30 m and the evacuation
well. Reagents reaching the borehole, the feeding of inhibitors to the leaching solution
stops. Injection of the chemicals and the leaching solution into injection wells lasts
depending on uranium content in the productive solution and the capacity of evacuation
wells.

Discussion

Further, studies were carried out to test effectiveness of chemical treatment using
inhibitor reagents of the productive horizon in the Syrdarya depression deposit. In order
to determine the impact on geotechnological properties of chemical inhibitors, it was
decided to feed the chemical reagents, according to the developed procedure, through the
acidification process unit (APU). Receptivity of wells has a direct proportional influence
on spreading of chemical reagents over the productive horizon out of the borehole filter,
where chemical reagents interact with host rocks. Estimates of spreading and removal
of chemical agents, implemented via effective thickness of productive horizons, are
provided for an assumed radius of 18-25 m from the filter of a treated well. While
feeding chemical inhibitors to the productive horizon, the following parameters have
been fixed: volume of the injected leaching solution (LS), consumption of sulphuric
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acid, borehole receptivity, volume of rock-ore mass, the LS spreading area, the assumed
radius of the LS spreading in the productive horizon, and consumption of sulphuric
acid. Upon injecting the chemicals into the productive horizon, the well was put into
production, and measurements of uranium content in the productive solution, borehole
productivity and estimated uranium recovery from the productive solution were fixed.
Figure 3 shows monitoring results of the borehole geotechnological parameters after
injecting the inhibitors into the productive horizon.
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Fig. 3. The monitored results of geotechnical well parameters before and after inhibiting treatment.

As shown in the Figure 3, the uranium content in the productive solution before
treatment was 11 mg/l and the well flow rate did not exceed 4.0 m?*/hr, with an average
recovery of 1.0 kgU/24hrs. After the treatment of the well with the IOMS inhibitors, the
uranium content in the productive solution increased from 11 to 40 mg/l, and the well
flow rate increased from 4.0 to 4.5 m3/hr, while uranium recovery increased from 1.0
to 4.4 kgU/24hrs. However, the uranium content in the productive solution fell to the
initial values of 11 mg/l, while the well production rate increased and stabilised at 4.3
m?/hr. This confirms the assumption of sludge prevention resulting from the inhibitor’s
sulphuric acid acting on carbonate minerals and maintenance of sulphuric acid active
in the productive solution. This way, higher uranium content in the productive solution
has been ensured, as well as the increase of ore filtration characteristics and uranium
recovery from the subsurface.

Conclusion

Core samples from the Syrdarya depression uranium deposit with producing horizons
in Santonian, Maastrichtian and Campanian ore intervals were collected to implement
quantitative and qualitative studies. Results of the X-ray phase studies indicate
predominance of quartz (90.8 %) and presence of K-feldspar (9.2 %) at the Santonian
ore interval. The quartz content (54.7 %), presence of smectite (27.0 %), K-feldspar
(10.1 %), kaolinite (6.7 %) have been established in the Maastrichtian horizon, and the
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quartz content (66.3 %), presence of K-feldspar (5.7 %), kaolinite (11.6 %), presence of
gypsum (16.4 %) in the Campanian ore horizon.

Results of the X-ray phase analyses of the sludge show that its main mass has
chemical origin, deposition of calcium salts, sand and clay. Predominant sludging
of gypsum during uranium leaching points to the process of interaction of sulphuric
acid with carbonate rocks as dominating one in the productive horizon. This decreases
filtration characteristics of the ores and forms the impermeable sections, which further
cause the fall in uranium content in the productive solution and growth of repayment
time of technological units.

The laboratory carried out experiments on agitation leaching of uranium from the
core samples using the OEDF and NTP (10 mg/l) as inhibiting additives to the leaching
solution with sulphuric acid concentration (10 g/l). It was determined that, at initial
stage of leaching, upon action of the above two inhibitors in the productive solution,
the uranium content grew by 1.71 % and 5.4 % accordingly compared to the values of
the process without the additives. This demonstrates the high efficiency of the OEDP
and NTP inhibitors in preventing the neutralisation of sulphuric acid and formation of
gypsum deposits.

The experiments on in-situ leaching intensification in geotechnological boreholes
with use of the NTP chemical inhibitor, according to a developed procedure, showed a
significant advantage over conventional methods of intensification. The post-treatment
monitoring of the productive horizon in the Syrdarya depression showed the growth
of uranium content in the productive solution from 11 to 40 mg/l and of the borehole
productivity from 4.0 to 4.5 m’/hr. As a result, the uranium recovery increased from 1.0
to 4.4 kgU/24hrs while the operating costs and unit development time fell by 5-7%.
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