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Anparna: byn Makamaga JIUTHIAII MUHEpANABIK KOHE THIPOMHHEPAIABIK IIMKi3aT
Ke3/JIeplHEH ally IbIH Ka31pri TEXHOIOTUAIAphl CANIBICTBIpMAIIbl TYpAe TajfaHaabl. JIMTUHIH TuTHii-
WOHJBI aKKyMYJISITOpJIap, JHEPTHs CakKTay >JKYHelepi »oHe OJIJIEKTp KeJiKTepl eHipiciHAeri
CTPATETHsUIBIK MaHbI3bl OHBIH TAaOWFH JKOHE TEXHOTCHIIK Ke3JepJAeH THUIMII opl 3KOJIOTHSIIBIK
Kayilci3 aJblHYbIH ©3€KT1 FhUIBIMH-TEXHOJIOTHSUIIBIK MACENIe PETiHAE KapacThIpyFa Heri3 Oojajibl.
JKyMbicTa KaTThl MUHEpPAIJBIK KEHJEPJCH JUTUH aly o/icTepl, COHBIH iMIiHAE ayblp opTaja Oeiy,
¢oTanus, CrogyMeH KOHLIEHTPAThIH KYKIPTKBIIIKBIIABI Cylb(aTTay—InaimManay, senugonutti HF
KATBICBIHJIA OHJIEY JKOHE CUITUIIK ojicTep KapacTbipbuiraH. COHBIMEH KaTap TY3/bl €piTiHILIep,
MUHEpAIJaHFaH CyJiap JKOHE MyHal-Ta3 KalaT CylapblHaH JHUTUH ally OarbpITTapbl TaJJaHa[bl.
I'uapomuHepanabl xyienep yumiH KyH Oyiaanasipy, Li2COs TyHIBIpY, SKCTpakuus, MeMOpaHabIK
TexHonorusutap skoHe DLE wnoH-eneyim cOpONMSUIBIK OMICTEpiHIH apTHIKIIBUIBIKTAPEl MEH
HIEKTEYJepl KepceTuIreH. OpOip OMICTIH THIMAUII JUTHM KOHIEHTPAIMIChIHA, €pPITiHI1
KypambIHAarel Kocmanapra, Mg/Li xone Ca/LLi KaThlHacTapbIHA, COHJAN-aK TEXHOJIOTHSUIBIK XKOHE
9KOJIOTUSUIBIK TajlanTapra Tikenel OailIaHbICThl €KeH1 aHBIKTaaibl. 3epTTey HOTHXKeNepl JIUTUH aty
TEXHOJIOTHSIIAPBIH TaHAy/1a TEK OHAIPICTIK OHIMIIIKTI éMeC, COHBIMEH KaTap PeareHT IIbIFbIHbIH,
SHEprus TYTHIHYIbl *OHE KaJABIKTap[bl Oackapy MocesenepiH Oipre KapacThlpy KaKeTTiriH
kepcereni. Ka3akcTaHHBIH MUHEPAABIK-IIMKI3ATTBIK QJIEYETIH €CKEpPEe OTBhIPbIN, MyHAal
CalbICTBIpMAJIbl Tanjay OoJjallakra OTaHABIK JUTUH OHJIPICIH FBUIBIMH HETI3[le JaMbITyFa
MYMKIHJIIK O6epeai. Makanaga oM0e0an TeXHOJIOTHUSIIBIK LIEIIIMHIH KOK €KeHl, op0ip MIMKI3aT Typi
YIIiH OHBIH MUHEPAIOTUSIBIK JKOHE XUMUSUIIBIK KYPAMBIH €CKepe OTBIPHIIN, JKE€KE TE€XHOJIOTHSIIBIK
cXeMa TaHjay KaXeTTiri Heriaeneai. Kazakcran jxaraaibIHAa TUTUH OHAIPY /Il JaMbITY YIIIH KaTThl
KEeHJep MeH IJacT CyJapAblH KypamblH KemieHai 3eprrey, Mg/Li, Ca/Li xone SO4+*" CHAKTBI
(dakTopnap/pl Oaranay, COHJIal-aK MIIOTTHIK ChIHAKTAP JKYPri3y MaHbI3/Abl €KEH1 aTar eTuIeIl.

Tyiiin ce3aep: nuUTHIl, THAPOMHUHEpANABI MIHMKi3aT, criogyMeH, DLE TexXHOJIOrusChl, IacT
cyJapsl, copOuusi, MeMOpaHaibiK aaictep, Li2COs.

Kipicne

Jlutuii Kas3ipri OSHepreTHkaga, ocipece JIUTUNH-MOHABI AKKYMYJSATOpJIAp OHIIpiCiHIe,
CTpaTETHSUIBIK MaHBI3bI JKOFAphl PECYPC PETIH/IE TAHBUIAABI. DHEPTHUs CaKTay KYHenepi MeH dJIeKTp
KOJIIKTepi HaphIFbIHBIH KAPKBIH/bI KEHEI01 IUTUITE JIET€H CYPaHbICTHI TYPAKTHI OCipil, colfKeciHIe
OHBI OHJIPYAIH OHIMIUIIT, TEXHOJOTHUSIIBIK TYPAKTBUIBIFBI KOHE SKOJOTHUSUIBIK Kayirci3dir
Mocenenepin kahanablk JeHreiae anabiHFel Katapra mbrapasl. AKIL ['eonorusuiblK KbI3METiHIH
(USGS) nepexrepine coiikec, 2024 KbUTbI QNIEMIIK JUTUN oHIIpici mamameH 240 MBIH T JI€HreiiHe
XKETiI, ecy nuHamMuKachl caktanfraH [11]. CoHAbIKTaH TUTHII TaOUFU 9p1 TEXHOTEHIK KO3IepAcH
ally TeXHOJIOTHSUIAPBIH JKYHeNl TYpZe CalbICTBIPBIN Oarasiay, MIMKI3aTThIH TYpPl MEH KypaMbIHa cait
THIMJII OHJEY TOCUIIEPIH HETri3/iey KOHE KOpIIaFraH oOpTaFa TYCETIH JXYKTeMEHl a3aiTaTbiH
HIemiMaep/il aHbIKTay Ka3ipri 3epTTeyiepAiH 03eKTi OarbIThl O0JIBI TaObUIAIbI.

JluThii MWMKI3aTRl IMAPTTHI TYpAE €Ki ipi Tomka OeiHei: KaTThl MUHEPAIABIK KEHIEp
(mermatuTTEepaEeri CIOAYMEH, JICIHAOIHUT oHE T.0.) JKOHE THAPOMHUHEPAIIbI Ko3aep (TY3IblI
paccongap, MyHail-ra3 K€H OpBIHAAPBIHBIH IUIACT CyJapbl, MHHEPAIAAHFAH >KOHE I€OTEPMAJIb/IbI
cynap). by TonTap yiiiH TEXHOJOTHSIIBIK TOCUIAeMe TyOerensi epekmeneneni. KaTTel kenaepae
HET13T1 MiHJeT — JUTUI KypaM/Isl MUHEpalaapAbl OailbITy apKbUIbI KOHIICHTPAT ally KoOHEe MUHEpal
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KYPBUIBIMBIH KeHIHT1 XUMHUSUTBIK OHJICYTE KOJIAMIIBI peaKIusaFa KablIeTTi Kyrre Kemurpy, aja epiTiHIal
THUINTI MIMKI3aTTa — JIUTUIIIH CaTIBICTBIPMAIbl TYPJE TOMEH KOHIEHTPAIMSCHI )KaFIailbIH/Ia HKOFaphl
CEJICKTUBTI Oeurin aiy, acipece Mg/Li KaTbiHACKI XKOFaphI XKYyHenepae Kocnauapabl THIMII OacKapy
memyini pen arkapansl [3,10,12,13]. Ocbl allbIpMaIibUIBIKTap TEXHOJOTHS TaHAayla «Oipieit
oMOeban oJ1ic» JKOK €KeHiH, KepICIHIIe HAKThI MUKi3aTKa OeHIMIeITeH KEeIICH Il MennMaep KaKeT
eKEHIH KepceTes.

Kazakcranma muTHiiaiH KaTThl MUHEPAJIIBIK KEHEP1 MEH MUHEpaJIIaHFaH epITiH/II Ke3/IepiHe
KATBICThl MEPCHEKTHBAJIAP FHUIBIMA €HOEKTEp MEH allblK JCpeKTepie KOPCETUITeHIMEH, TOJBIK
KOMMEPIHSUIBIK ayKbIMJIaFbl OHIIpiCTepAIH OackiM 06JIiri o3ipre Oapiay *)oHe MUIOTTHIK ChIHAKTAP
JeHreinge Kaiublll OThIp. OChl TYPFBIIAH XalbIKApAIBIK TOHKIpHOEre CYHEeHTreH TEXHOJIOTHSIIBIK
CaJIBICTBIPMAJIBI TAJIJAY €J1IMi3 YIIiH BIKTUMAJ THIM/I1 OaFbITTap bl alKbIHIAYFa, OHJICY CXeMaJlapbIH
FBUIBIMU TYPFBIJIaH HETi3/IeyTe jKoHe OoJanak OHePKICINTIK €HI13yre KAKETTI FhUTBIMA-TEXHIUKAIBIK
AIIFBIIIAPTTAP/IbI KAIBIITACTBIPYFa MYMKIHIIK Oepeni [2,3].

Karrel kengepai OaiibiTy: aybip oprtaga 6eay (DMS) xone duoranusa. Karrs
MUHEPAIABIK KEHJIEPACH JIUTUN OHIIpYAiH OacTamkbel Ke3eHI — pydaHbl 0aillbITy apKbUIbl JTUTHIA
KypaMbl MUHEPAJIapIbIH YJIECIH apTThIPY KOHE KOHIIEHTPAT ay. by Kajam KeHiHTi XUMUSIIBIK
OHJICYIIH MacCallbIK aFbIHBIH a3alThIN, PEareHT MEeH SHEPrus MIBIFBIHBIH TOMEHeTeal. Ipi Tyhipii
¢bpakuusnap yuiH ayslp opraga Oemy (DMS) muHepangapAblH THIFBI3ABIK albIPMAIIbUIBIFBIHA
HEri3ZieNifeH alJblH ajna OalbITy oJici peTiHAe TUIMII caHajaabl. AXMETKMHO TOMEH Camalbl
CIOAyMEH KeHi OoWbIHIIA KypriziireH 3eprreynepae DMS ipi ¢ppakuusiapaa 60C KBIHBICTAPIBI
ailfTapiblKTaii 6ein, OalibITyFa TYCETIH IIMKI3aT canachlH )KaKcapTaThIHbI KOpCETireH [2].

¥cak ¢pakuusiap YIIiH KeH KOJAAHBUIATBIH 9iC — KOOIKTI (oTarusi, MyH/1a KOJUIEKTOP
peareHTTep MUHEpan OeTiH TuApoPOOTaHABIPHIN, aya KemipilikTepiMeH Oipre KeOiKTI eHiMmre
meirapansl. NaOH sxone DAA KoNaHBUTFAH JKaFaiia JTUTHHIH KadblHA Kelyl apTKaHBIMCH,
KBapll TIeH Jjajia IIMaThIHBIH KaTap (IIoTalusUIaHybl KOHIIEHTpPAT CanachlH IIEKTeWTiHI OastHIaIFaH
[2]. byn xarnaii ToMeH canalibl KEHJEep YIIiH O1p FaHa 9/1ic )KETKUIIKCI3 eKeHIH KepceTeal xxoHe DMS
neH (GoTauusHbl (PaKUUSIBIK TYPFbIAA OIPIKTIPY TEXHOJOTHSUIBIK TYPFBIIAH HETi3Jl ILIemimM
peTiHe KapacThIPbLIa/IbI.

CnoayMeH KOHIEHTPAThIH  KYKIPTKBIIIKBUIABI  6HAeEY (KyHaipy—cyJiabdarray—
maiimasnay). CrionyMeHHEH JMTUHA aily TOXipuOeciHAe KEH TaparaH ofic — a—f TypiaeHuipy
apKbUIbl MMHEPAJ/Ibl peaklusra KaOijneTTi eTy >koHe keiliH xoHueHTpni H»SOs-men cynbdarray
apKBUTBI JIMTHHII €pUTIH Ty3Fa Kemipy. KolbCK FBUIBIMH OPTalBIFBIHBIH CIIOAYMEH KOHIIEHTPATHI
OOWBbIHIIIA 3epTTeYyJEepiHAe NEKPUMHUTALNS TEeMIIePaTypachl, KbHIIMIKbII IIBIFBIHBI JKOHE YaKbIT
(dakTopnapbl OarajaHbIll, OHTAWIBI KaFaaila JUTHHAIH ajablHy adpexeci 96,6-98,1% nenreiiine
&KeTeTiH1 kepceTiiareH [4]. by oicTiH epeKieniri— >KoFaphl recovery ’KoHe OHIIPICTIK CeHIMIUTIK.
Auaiizia sxoFapbl TeMITepaTypaibl KYHIIpYyAiH SHEPTHs CHIHBIMABUIBIFEL, KOHIIEHTPI KBIIIKBUIIBIH
KOPPO3USAIIBIK dCepi, COHIai-aK OeiTapanTaHABIPy JXOHE KalABIKTapAbl Oackapy oreparusiiapbl
TEXHOJIOTHSUIBIK ~ KYPACTUTIKTI  apTThipaabl. COHIBIKTAH KYKIPTKBIIKBUIABI CXeMa  THIMJII
00JFaHBIMEH, YKOHOMUKAIBIK-3KOJIOTUSIIBIK OHTAMIAHABIPYIbI KAXKET €Te/I.

Jlenuponmurren Jutuii any: HF karteichinga maiimanay. JlenmuaoauTTiH Kypaeml
AJIFOMOCHJTMKATTBI KYPBUIBIMBI JINTHIII G0y YIIiH arpecCUBTI peareHTTep Il KOJAaHy bl Tajlal eTyi
MyMKiH. Rosales »xone apintecrepi nenunonutti HF kareicbinaa maiimanay kesigae Li, Al sxone Si
epITiHAIre OTeTIHIH >KoHEe OeNrin TeMIepaTypalblK PeXUMIEpAe JUTUH IKCTPAKIUSACH KOFaphl
NeHreire xeTeTiHiH kepceTkeH [5]. Keitin Si xone Al KOCBUIBICTapbIH CEIEKTUBTI TYHIBIPY apKbLIbI
mutuii LiF Typinge sxorapsl Ta3anbsikTa OemiHin ansiarad. Jlereamedn HF-nien eHeyaiH eHepKaCinTiK
€HT1311y1 Kayilci3 K IeH 3KOJIOTUs TajanTapbiHa OaitnanbicTel mekreneni: HF — ete kayinTi sxoHe
KOPPO3USIIBIK peareHT; (GTopibl KANABIKTApAbl 3a1alIChI3IaHIBIPY KYPAEIi; apHaiibl )Ka0/IbIK KaXKeT.
Ocn1 cebenten HF-maiimanay keOiHe koFapbl THIMAUTITIHE KapaMacTaH, TEXHOJOTHSIIBIK TOyeKel
YKOFaphI 9MIICTEP KaTapbhIHA KATaIbI.

Ciarinik (NaOH) engey :xone LiOH any. Cinatumnik eHaey cxeMmanapbl JHUTHI
amomMocuinrkaTTapsiHbiH NaOH acepiMeH TUTHII epiriil THAPOKCH TYPiHE KeLIipyre Heri3aemne.
Knaccukanslk omeOuerTepae KemcaThUIbl IIaiMaliay, epiTiHAiHi KorwosaHaelpy xkoHe LiOH-H-20
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KpUCTAIIaHABIPY apKbUIBI OHIM aly cxeMmanapbl cunartanral [6]. byn omic Tikeneir LiOH amyra
MYMKIiHIIK Oeperinairiver Mabpi3nbl. ConbiMeH Oipre NaOH NIBIFBIHBIHBIH KOFaphl OOJYBI,
KOICAThUIbLIBIK, DHEPIrHsl >KOHE KANMUTAIIBIK UIBIFBIHAApP, COHAAW-aK CUITUIIK aFblH CyJap.ibl
3aJaNChI3IAHABIPYy KYPACIUIIrlT OHBIH KEH KOJJAHBUIYBIH IIEKTeWTIiH (akTopiap peTiHzae
KapacThIpbLIa bl

Ty3asb1 epiTinaijiepaeH eHAIPY: KYH OyJaHABIPYHI KdHe TYHABIPY. Ty3/b1 epiTiHauIepaeH
JUTANA  OHMIPYAIH KJIACCUKAJIBIK OaFbIThl — KYH OYyJIaHIBIPY TOFaHIAphl apKbUIBl EPITIHIIHI
KOIOJIAaH/ABIPY JKOHE TY3AapAbl Ke3eHIeN KPUCTAIAAHIbIpy. Atacama yaATiCiHIEri eHJIIpICTIK
nporectepjie OWI Tocia ipli mMacmTadTa iCKe acaThiHBl KepceTinreH [12]. DHeprus IIbIFBIHBI
CaNIBICTBIPMAJIBI TYPAE TOMEH (KYH paauallfsichl), TEXHOJOTHSUIBIK 0a3achl KajblNTacKaH. Amnaiina
OyJaHIBIPYABIH Iprefli meKTeysaepi 0ap: mpolecc y3aK YakKbITThl KaKET eTell, YJIKeH ayMakka
TOYeI/1, TY3 KAIIBIKTAPbIHBIH )KHHATYBIMEH cHUTaTTasa sl xone Mg?*/Ca?*, SO4*~ CUsSKTHI Kocmanaap
TEXHOJIOTUSUIBIK Oackapyabl Kypaenenzaipeni [3,12]. ConablkTaH paccoiiblH HAKThl Kypambl MEH
KIIMMATTBIK XKaFaainap OyJ1 TOCUTIIH THIMIUTITIH aHBIKTAWTBIH HET13r1 (pakTopiiap OOJIBIN caHAIA b

Mapranen okcuji Herizingeri copouusiibik daicrep: DLE (Direct Lithium Extraction).
TemeH KOHIEHTpaMsIbl MUHEPAJIaHFaH ePITIHAUIEp YIIiH nepcrnekTuBanbl 0arbiT — DLE, cOHBIH
iiriHae TUTU-HoH eneyim (ion-sieve) KacueTi 6ap copOenTTepai Kongany. MyHnail copOoeHTTepae
KPUCTAJIBIK TOP KYBICTaphl JTUTHI MOHBIHBIH OJIIIEMIHE COMKEC KEJNill, CEeIeKTHUBTI aacoOpOLUsSHBI
KaMTaMachI3 eTyl MyMmKiH [3,7]. Perenepanus (necopO1iusi) HOTHXKECIHE TUTUNA KOHIICHTpATTalFaH
amoar Typinne ambiHagsl. lerenmik 3eprreynepae Mn/Ti TunTi HOH-eleyilITEPOiH TY3.bI
Kylienepae JTMTUITE CENeKTUBTLIIN NMEepCleKTUBAlbl €KeHl KopceTireH, acipece Mg/Li KaTbiHACHI
xorapel epitiainepae [13]. JlereHMeH COpOSHTTIH MUKIIIK TYPAKTHUIBIFBI, PEreHEpAIHs Ke31H e
JIerpajialivs JKOHE PeareHT MIBIFBIHBI TEXHOJIOTUSHBI ayKbIMay/1a MUY HHKEHEPIIK [IeKTeyIep
peTinae KapacTeipbiiansl [3,7,13].

MyHaji-ra3 Kadar cyJ1apbIHaH JHUTHI ajy: MeMOpaHa + copOuus rudpuaTi cxemasapsl.
Kabat cynap — Ty3AbUIBIFBI ©TE JKOFaphl, 9p1 MOHBIK KypaMbl KypJeni epitinaiiep. Jakaria sxone
opintectepi Bakken kalaT cymapel yIIiH JUTHH eHAIpyle alJblH ana >Kymcapry/cy3y, KeliH
NF/RO/ED  apkpiibl KOHIIEHTpJIEY JKOHE COHFbl COpPOLMANBIK Ta3ajay CHSKThl THOPUITI
CXEMaHbIH THIM1 eKeHIH KepceTeldl. MeMOpaHanbIK Ke3€H TY3JbUIBIKTEI TOMEHJIETIN, JUTHHII
LIOFBIPJIAaHJBIPYFa MYMKIHIIK Oepeni, ajd COpOLMSUIBIK caThl JIMTUIAI CENEeKTHUBTI Oeuin aiyra
OarpiTTanFad. CoOHBIMEH KaTap MeMOpaHanmapJblH JIaCTaHYbl, OJHEPrHsl IIBIFBIHBI JKOHE
KOTICATBUTBLIBIK CXEMaHBIH 3KOHOMMKAIBIK THIMIUTITIHE 9Cep €TETIH HETI3T1 (akTopyiap peTiHje
atananel [10]. Ocbulaiimia, miuact cyjapAaH JUTUR aldy TEXHOJOTHMACH Cy MEHEKMEHTI JKOHE
KOCaJIKbl KOMIIOHEHTTEP/I1 K9JIETe JKapaTy IIenlimMaepiMeH 0ipre KapacThIPbLTYbl THIC.

Temen koHunenTpanmsiabl epitingiiepaen Li:COs TyHabIpy KoHe Kocmajgap Jcepi.
Kymbicta [8] Li2COs TyHIBIpY TEXHOJOTUSIIBIK TYpPFbIa KapamaiblM OOJIFaHBIMEH, TOMEH
KOHIIGHTPALIMSUIBI JKYHenep/ie KMHeTHKa MEH OHIM camachl Kocnayiapra Tayenai. Aprilianto xkoHe
opinrTecTepi KapOoOHAT KoHE Cyb(aT HOHJAPBIHBIH ScepiH 3epTTen, SO4>” KOHIEHTPAUSIChIHBIH 6Cy1
Li2COs MIBIFBIMBIH TOMEHJIETETIHIH KOPCETe/ll, COHABIKTaH aNJIbIH ana JecyibdaTTay KaXeTTiriH
Heri3aeni. by HOTHXe TYHIBIPY SICIH KOJIaHFaHJA €PITIHIIHI KOHIUIMSIAY MIHJICTTI €KeHIH
ToNeNnaen .

FeCls-Tb® xkyiiecinge 3KkcTpakums. OKCTPaKUUAJBIK oJAICTEp Kypledl Kypam[Isl
epITIHIIIepJeH TUTUNI CeNeKTUBTI Oemin amyra OarbitTanraH. FeCl:—Th® xyiliecinae AUTHIAIIH
OpraHuKaNbIK (Da3ara KEIIeH pEeTIHIAE OTyl XKoHE KEWIH PEedKCTpaKIMs apKbUIbl cy ¢aszachiHa
KalTapbplIybl KOICAaThUIBI TYpJE ICKE AachIpbUIa[bl, KUHETHKAIBIK MapaMeTpliep Kapchl aFblH
peXHUMIHJIE KOJIJaHyFa Heri3 O6epeni. JlereHMeH opraHukainblk (a3aHbl pereHepanusiiay, SMyJIbCUs
TY3U1y TOyeKeJi, KencaTbllbl XKyy/pEedKCTPaKIUs OHAIPICTIK eHri3y 1l KypAenaenaipeni [9].

JKorappiga KenTipiireH 9/1e0u MIOMyFa CabICTBIMAIIBI TaAAy Kacail OTBHIPHIM, JIUTHHII aly
TEXHOJOTHACHIHIA oMOeban MIemiM >KOK €KEeHIH KepceTeldi: KaTThl KEHAEPAE MKOFaphl recovery
Ko0lHE TEPMOXHMMHSUIBIK OHJIEYMEH KaMmMTamachl3 eTiIedl, ajl THAPOMUHEpAIIbl JKyWhenepae
CEeNIEKTUBTUIIK NIEH KOocmaiap acepl eyl pel aTkapaasl. KaTTel keHaep YIIiH eH JKOFaphl )KoHE
OHEPKOCINTIK TYPFBIIAaH JIOJIENJICHIEH KOPCETKIMTEp KYKIPTKBIIIKBUIIBI Cylb(aTTay—IaimManay
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cxemaceiHna Oaiikamanbl (96,6-98,1%). Aumaiima Oy THIMAUTIK SHEPrUS. MEH KBIIIKBUIIBI
KaJBIKTApAbl OaCKapy MILIFBIHIAPBIMEH KaTap xkypeai. Jlemumonutri HF KaThichiHaa oHICY KOFaph
AKCTPAKIIUS 9JICYEeTIH KOPCETKEHIMEH, peareHTTIH KayinTutiri MeH (TOpJIbl KaJAbIKTap ©HIIPICTIK
KOJJIaHBIMJIBI IeKTeWal. ['mapoMuHepanapl Ke3neple KIACCHKAIBIK KYH OylIaHIbIpYybl KEH
TapaJifaHbIMEH, Y3aK MEp3IMAUIIK, YIKEH ayMak >KOHE TY3 KalJbIKTapbIHBIH >KMHATYbl — HETi3Ti
mekreynep. Oceiran Oaimaneictel DLE  Texnomnorusuiapsl (MOH-eneyiln copOeHTTep) TOeMEH
KOHIEeHTpauusaga xoHe Mg/Li KaTblHAchl OFapbl >Kyileneple MepcreKTUBajibl OarbiT peTiHAe
KapacThIpbLIabl, Oipak COPOEHT TYPAaKTBUIBIFBI MEH pEreHepaliis MIBIFBIHBI Mocele OOJIBIN Kaa
Oepeni. Ilmact cymapna eH THIMAI TOCUT peTiHAEe MeMOpaHa + copOuus ruOpuaATepl KOpceTuien,
ayaiiia SHEprusl WIBIFBIHBI MEH anmnapaTThIK KYPAEIUIIK OJapAblH SKOHOMHKAIBIK THIMALIITIH
anplkTaiapl. Li2COs TyHOeIpy omici KapamaibiM OonraHbIMeH, SO4? 7 CHSIKTHI KOCIajapra
Ce3IMTaJIIBIFBI AJ/IBIH aJla Ta3ajay CaTbUIAPBIH KAKET eTe/Il.

Kazakcranna nutuil eHAIPICIH AaMBITY YIIIH MIMKI3aT TypiHE Kapail TeXHOJIOTHSUIBIK
OarpITTap/Abl JKIKT€Yy MaHbI3/1bl. KaTThl MUHEpanapIK KeHaep yuin Oaipity keseri (DMS/dmoTanus)
KOHIIEHTPAT CamachblH apTTHIPBIN, KEHIHTT XUMUSUIBIK OHACYAIH THUIMIUIIIH kakcapraasl [2]. Al
THIPOMHUHEpAIAbl Ko3aepae (MUHEpalgaHFaH epiTiHIUIep, TUIACT CyJaphl) memymi (GpakTop —
€pITIH/IIHIH HaKThl XUMHSUTBIK Kypambl xkoHe Mg?*/Ca?" neHreiii, connpikTat cenektuBTi DLE Hemece
MeMOpaHaJIbIK ANJIbIH ala KOHICHTPJEYMEeH OIpiKTIpUIreH cxemalapbl TKIpHOeTiK-TTHIOTTHIK
neHreiae 6aranay kaxert [10,13].

Ocpinaitira, Kazakcran ymiiH 0OacklM MiHIET — HAKThl OOBEKTiIEp OOWBIHINA (KCH
MuHepanoruscel;, epitinaiaeri Mg/Li, Ca/Li, SO+*") TeXHONOTUSIBIK TaHIAYIbl FHUIBIMU HET13/I€TI,
MUJIOTTHIK CBIHAKTAPMEH JIAJICTIICY JKOHE IKOJIOTHUSIIBIK TOYEKEI/Ii TOMEHJICTY.

KopbITbIHABI

JIuTHiiii MEHEPAJIIBI )KOHE THAPOMUHEPAIIBI TUKI3aTTaH ally TEXHOJIOTUSIIAPhI ITMKI3aTThIH
TaOUFaThIHA TOYEI Il KOHE KoOiHe KeIIeH 11 9/IICTep KOMOMHAIMACHIH Tanan erefi. KaTTel keHnepae
6aiibity (DMS/(noTtanus) KOHIIEHTpAT ajdyFa MYMKIHAIK Oepil, eH )oFapbl recovery OepeTiH OarbIT
peringe o—f typaeHuipy sxoHe H2SOs cynbdarray-—imaiiManay (96,6-98,1%) epexiieneneni.
Amaiiia )oFapbl TeMIIepaTypaIbIK KYWIipy MEH KBIIIKBIIBI KaIBIKTapabl 0ackapy OyJI cXeMaHbIH
Heri3ri mekTeyi Oonbin Tabbuianbl. Jlemumonutti HF katbickiHgma mraiimanay >koFapbel THIMILTIK
KOPCETKEHIMEH, KayilCI3IK KOHE OJKOJIOTUSI TOYyeKeNll OHJIIPICTIK eHri3yAl IMIeKTEeHal.
I'unpoMuHepanasl Ke3aepAe KyH OylaHIBIPYbl OHAIPICTIK KiIaccHKa OOJFaHBIMEH, YaKbIT IEH
ayMakKa TOYEJAUINI J>KOHE KAJIJAbIK TY3JaplblH O>KHHAIYbl MaHb3Abl mpobiema. Temen
KOHIEHTpauusiasl  epiTinainep ymin DLE  (uoH-eneyim  copOumsi)  CENeKTHUBTLIITIMEH
MEPCIIEKTHBAIIBI, OipaKk COPOSHT TYPAKTHUIBIFBI MCH PEreHEPAIIHSI IIBIFEIHBIH OHTAWIAH/IBIPY KaXeT.
[Tnact cynapna MmemOpana+copOums rTHOpUATEP] THIMII OOJIFaHBIMEH, KOIICATHUIBIIBIK ITEH YHEPTUs
IIBIFBIHBI SKOHOMUKAJIBIK TYPFBIIAaH MYKHUAT ecentey/ i Tanan erei. COHIBIKTaH TEXHOJIOTHS TaHIay
HAaKThI [IMKI3aTTHIH KYPaMbl MEH YKOHOMHUKAIBIK-IKOJIOTHSUIBIK TaJanTapAbl KaTap ecKepe OTBIPHII
KYPri3iilyl THIC.
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TEXHOJIOI'MM U3BJIEYEHUSA JIMTUA U3 MUHEPAJIBHOT'O U
I'MIAPOMMHEPAJIBHOI'O CBIPbA

A.H. Bopan0aeBa, A. AGaeBa
Yuusepcurer Ecenoa, Axray, Kazaxcran
e-mail: assiya.boranbayeva@yu.edu.kz, abaevaaknaz@gmail.com

AHHOTanus. B 1aHHOW cTarbe NPOBOAUTCS CPABHUTENBHBIM aHAIW3 COBPEMEHHBIX
TEXHOJIOTHI M3BJICUCHUS JINTUS U3 MHUHEPATHLHOTO M THAPOMUHEPATHLHOTO ChIphs. CTpaTernueckoe
3HAQUYE€HHE JIUTUSL B IPOU3BOACTBE JINTUM-UOHHBIX aKKyMYJISITOPOB, CHCTEM HAKOIUICHHS SHEPTUU U
AJIEKTPOTPAHCIIOPTa OOYCIIOBIIMBAET AaKTyaIbHOCTh €ro A(M@PEKTUBHOTO U  IKOJOTUUYECKH
0€30MacHOTO TMOJYYeHHUS U3 MPUPOJHBIX W TEXHOTEHHBIX HMCTOYHUKOB. B paboTe paccMOTpeHbI
METO/IbI U3BJICUCHUS TUTHUS U3 TBEPABIX MUHEPATBHBIX PY/I, BKIIOUAs pa3ieJICHUE B TSHKEIIBIX Cpeliax,
(broTanuo, CEepHOKUCIOTHOE CYIb()aTUPOBaHNUE U BHINIEIAYNBAHUE CIIOJYMEHOBOTO KOHIIGHTPATA,
o0pabotky nenumosmra B mnpucyrctBun HF, a Taxke menounsie meronpl. Kpome Toro,
MPOAHAIU3UPOBAHBI HAMPABIIECHUS MOJYUYEHHS JIUTHUSI U3 COJIEBBIX PAaCTBOPOB, MUHEPAIM30BAHHBIX
BOJ ¥ HE(TEra30BbIX IJIACTOBBIX BO. [[J151 THAPOMUHEPATBHBIX CUCTEM TTOKA3aHbI MPEUMYIIIECTBA U
OTpaHUYEHUS COJIHEUHOTo ucmapeHusi, ocaxaeHus Li>2COs, skcTpakiinuyu, MEMOpaHHBIX TE€XHOJIOTHUH
u copOmmoHHBIX MeTojoB DLE Ha OCHOBE HOH-CHTOBBIX MAaTEpPHANIOB. YCTaHOBJIEHO, YTO
3¢ (HEeKTHBHOCTH KXKJOTO METOAA HAMPSMYIO 3aBUCUT OT KOHIICHTPAIINH JINTHUSI, COCTaBa MpuMeceit
B pactBope, cootHommeHuit Mg/Li u Ca/Li, a Takke TEXHOJIOTHYECKUX U SKOJIOTUUECKUX TPeOOBaHUH.
Pe3ynbpTaThl ucclieOBaHMs TOKAa3bIBAIOT HEOOXOAMMOCTh YUUTHIBATh TPU BBHIOOPE TEXHOJIOTHUU
W3BJICUCHHS JIUTHS HE TOJBKO TMPOW3BOAUTEIHHOCTh TIPOIlecCca, HO W PacXoj]l pPEearcHToB,
OHEPromoTpeOIeHHe U BOMPOCH ympaBieHus oTxogamu. C yd4yeToM MHHEPaIbHO-CHIPHEBOTO
noteHimana Ka3zaxcTtaHa Takoi CpaBHUTEIBHBIM aHAIM3 MOXET CIIOCOOCTBOBaTh HAYYHO
000CHOBAaHHOMY pa3BUTHIO OTCUECTBEHHOTO TPOU3BOJACTBA JHUTHUA B OynymeM. B craTthe
000CHOBAaHO, YTO YHUBEPCAJIBLHOTO TEXHOJOTUYECKOTO PEHICHHUS HE CYIIECTBYET, MOATOMY s
Ka)KJIOTO THITA CHIPhsI HEOOXOAMMO MOAOUPATh MHANBUYATbHYIO TEXHOJIOTHUECKYIO CXEMY C YIETOM
€ro MHUHEPAJIOTMYECKOr0 U XMMHUYECKOro cocrama. [ ycnoBuit Kazaxcrana mnoauepkuBaeTcs
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BAXHOCTh KOMIUIEKCHOTO HM3yY€HHUS COCTaBa TBEPABIX Py M IUIACTOBBIX BOJ, OIICHKH TaKHX
dakropos, kak Mg/Li, Ca/Li u SO4*", a TaKkKe MPOBEICHUS MUIOTHBIX UCTIBITAHHH.

KirwueBble cjioBa: TuTHA, THUAPOMHHEPAIBHOE ChIphE, CHOAyMeH, TexHosiorus DLE,
IJIACTOBBIE BOBI, cCOpOIIHs, MeMOpaHnHbie MeTo kI, Li2COs.

TECHNOLOGIES FOR LITHIUM RECOVERY FROM MINERAL AND
HYDROMINERAL RAW MATERIALS

A.N. Boranbayeva, A. Abayeva
Yessenov University, Aktau, Kazakhstan
e-mail: assiya.boranbayeva@yu.edu.kz, abaevaaknaz@gmail.com

Abstract. This article provides a comparative analysis of modern technologies for lithium
extraction from mineral and hydromineral raw materials. The strategic importance of lithium in the
production of lithium-ion batteries, energy storage systems and electric vehicles determines the
relevance of its efficient and environmentally safe recovery from natural and technogenic sources.
The paper considers methods for extracting lithium from solid mineral ores, including dense medium
separation, flotation, sulfuric acid sulfation and leaching of spodumene concentrate, leaching of
lepidolite in the presence of HF, as well as alkaline processing methods. In addition, the main
approaches to lithium recovery from saline solutions, mineralized waters and oilfield formation
waters are analyzed. For hydromineral systems, the advantages and limitations of solar evaporation,
Li.COs precipitation, solvent extraction, membrane technologies and DLE sorption methods based
on ion-sieve materials are discussed. It is established that the efficiency of each method directly
depends on lithium concentration, the impurity composition of the solution, Mg/Li and Ca/Li ratios,
as well as technological and environmental requirements. The results of the study indicate that the
selection of lithium extraction technology should take into account not only process productivity, but
also reagent consumption, energy demand and waste management issues. Considering Kazakhstan’s
mineral resource potential, such a comparative analysis may contribute to the scientifically grounded
development of domestic lithium production in the future. The article substantiates that there is no
universal technological solution; therefore, an individual process scheme should be selected for each
type of raw material, taking into account its mineralogical and chemical composition. For the
conditions of Kazakhstan, the importance of comprehensive studies of solid ores and formation
waters, assessment of factors such as Mg/Li, Ca/Li and SO+*, as well as pilot-scale testing, is
emphasized.

Keywords: lithium, hydromineral raw materials, spodumene, DLE technology, formation
waters, sorption, membrane methods, Li2COs.
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