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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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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FULL CYCLE TECHNOLOGY OF LITHIUM ELECTRODE
MATERIALS FOR LIB FROM DOMESTIC RAW MATERIALS

Abstract. In recent years, there has been a steady increase in lithium consumption in high technology.
Therefore, new methods for the extraction of lithium are becoming increasingly important. The distribution of
lithium stocks in the world is uneven, access to its stocks plays a significant role and affects technological
development. Rare-metal pegmatites and lithium-bearing brine are used as the main industrial sources of lithium.

This paper discusses the development trends of lithium production from spodumene ore to produce high purity
lithium carbonate. The geological characteristics of the main lithium deposits of East Kazakhstan, as well as the
possibility of their industrial development, are analyzed. A technology has been developed to produce battery grade
lithium carbonate from Kazakhstan spodumene concentrate. Based on high purity lithium carbonate (99.5%), the
efficient cathode material LiFePO, for lithium-ion batteries was synthesized. The technology of a full cycle of
processing domestic lithium-containing mineral and industrial raw materials into lithium carbonate for the
production of high-tech products: anode and cathode materials for modern LIB is presented. An efficient technology
of lithium electrode materials based on high-purity lithium carbonate from domestic spodumene raw materials has
been developed. The fundamental possibility of creating a lithium cluster in Kazakhstan for the production of
products with a high degree of readiness for the final consumer is shown according to the scheme: Sodumene
ores — Lithium concentrate — Lithium carbonate — Lithium cathode materials — Batteries.

Key words: lithium, extraction, ore, spodumene, technology, lithium carbonate, lithium iron phosphate,
lithium-ion battery.

Today, lithium is becoming increasingly popular in high-tech industries such as aircraft
manufacturing, space industry, automotive, nuclear, energy, as well as in energy storage systems. In
connection with the sharp increase in the production of electric vehicles in the world, lithium has come to
be called “future gasoline” and “white oil”. Lithium-ion batteries (LIB) are the market leaders among all
available battery technologies. Due to their high energy density, stability and duration of charge-discharge
circulation, LIBs are the most promising sources for the needs of alternative energy. The trend towards
green energy due to the exhaustibility of hydrocarbons in recent decades has given a great impetus to the
development and use of lithium-ion batteries (LIBs). The rapid development of the market for battery
devices, especially electric and hybrid cars and renewable energy, over the past 10 years has led to a sharp
demand for higher-capacity materials for LIB. All this, as well as the development of technologies in
portable electronics (phones and laptops / tablets) and electric vehicles, has led to the fact that lithium is
becoming a new strategic material that can influence the sustainable development of the global economy.
The market has an urgent task to produce lithium salts, in particular lithium carbonate as the main
precursor of lithium electrode materials. The main lithium minerals suitable for producing lithium
concentrates, as a rule, are part of rare-metal granite pegmatites. Pegmatite mineral concentrates account
for> 60% of lithium production; of these, spodumene is the main raw material for producing lithium
carbonate. High purity lithium carbonate of battery quality is the main precursor of lithium electrode
materials [1].

—211=——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

The analysis shows that the current global lithium consumption environment is favorable for the
emergence of a new producer of lithium compounds, such as Kazakhstan, which has investment-attractive
proven large reserves of lithium-containing ores in the Eastern region. Kazakhstan has large reserves of
various rare-earth metals and their accompanying lithium. According to the degree of readiness for
development and development costs, lithium deposits of the East Kazakhstan region can be divided into
two groups. The first group includes mineral deposits of lithium, in which more than 23 thousand tons of
lithium oxide and other useful components are concentrated. Given the forecast for the intensive
development of the lithium economy, these lithium reserves are of practical interest for their development.

A promising lithium-containing technogenic object is dumps after ore beneficiation of the deposit,
formed as a result of their processing at the Belogorsk mining and processing plant. Over the period of his
work, more than 32 thousand tons of lithium are in the dumps of processing plants.

All this sets the task of creating a new lithium industry in Kazakhstan in order to become an
important player in the world market of storage systems and energy sources, renewable energy, and
electronics.

The objective of the proposed technology is the development of a method for obtaining high-grade
lithium carbonate directly from spodumene, by passing the stage of obtaining a technical grade product,
simplifying the process of cleaning a lithium-containing solution from impurities.

The technical result is to obtain high-grade lithium carbonate in a single technological process of
processing spodumene, reducing the number of technological operations of cleaning from impurities,
eliminating the expensive operation of concentrating a solution of lithium sulfate by the method of
evaporation [2].

The technical result is achieved by a method of obtaining high-grade lithium carbonate from
spodumene concentrate, including spodumen calcining, sulfation, water leaching, purification of lithium
sulfate from impurities, lithium concentration in solution, reagent lithium carbonate precipitation, washing
of lithium carbonate, characterized in that lithium concentration is carried out by a membrane method
reverse osmosis, cleaning of metal and anions from impurities is carried out by causification of lithium
sulfate, lithium carbonate is deposited by ammonium carbonate salt at a temperature not more than 40 °C,
followed by heating to 90 °C. An essential feature of the method is the use of reverse osmosis membranes
for the concentration of a solution of lithium sulfate, which makes it possible to exclude from the
technology a very laborious and expensive method of evaporation of a solution of lithium sulfate [3].

Further purification, including caustification of lithium carbonate, ultrafiltration and ion-exchange
sorption of a lithium hydroxide solution followed by precipitation with ammonium carbonate salt,
bicarbonization and decarbonization of lithium carbonate, made it possible to obtain high purity lithium
carbonate 99.5% [4].

Innovative electrode materials for LIB were obtained from high purity lithium carbonate on the basis
of domestic spodumene raw materials by synthesis using method of aerosol pyrolysis (MAP) and sol-gel
method (ZGM). Thus obtained lithium- iron- phosphate showed quite satisfactory electrochemical
properties [5].

The end result is a new generation of innovative cathode and anode materials for modern LIBs with
significantly increased capacity and stability, obtained from lithium precursors - battery grade lithium
carbonate based on domestic spodumene raw materials.

Thus, technologies have been developed for producing innovative electrode materials for modern
lithium batteries with the creation of a full cycle of the production line from lithium extraction from
domestic mineral raw materials to high-tech products - cathode and anode materials of modern lithium-ion
batteries.

Scientific and technological foundations have been created for the development in Kazakhstan of a
high-tech lithium cluster for the production of products with a high degree of readiness for the final
consumer according to the scheme: Spodumene ores — Lithium concentrate — Lithium carbonate —
Lithium cathode materials — Batteries. Developed a business plan for the creation of cluster-oriented
lithium production.

Acknowledgement. This research has been funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan (Grant No. AP05135814).
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1«I[. B. CokonbCkuii aThIHAAFHI JKaHAPMaid, KaTaau3
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OTAH/IBIK IIAKIZATTAH AJIBIHFAH JINB-KE APHAJIFAH JJUTUIAJII SJIEKTPOJITHI
MATEPHAJIJIAP TEXHOJIOTUSAACBIHBIH TOJIBIK HUKJII

AnHotanusi. COHFbI JKbULIAPbl JKOFApbhl TEXHOJIOTHSIA JIMTHHAI TYTHIHYJBIH TYPaKThl ©Cy KapKbIHBI
Oaiikananpl. COHZABIKTAH JIMTHH aJy/blH jKaHa djicTepi OapraH cailblH MaHbI3Ibl Ooia Tycyne. OJeMIe JIMTHH
KOpJIapbIHBIH Tapaiybl OIpKENIKi eMec, OHBIH KOpJiapblHa KOJ JKETKi3y MaHBI3[bl OOJIBII CaHANAIbl IKOHE
TEXHOJIOTHSUIBIK JaMy¥Fa ocep eTe/li.

Byt sxyMbICTa JKOFaphl Ta3a JUTHI KapOOHATBHIH aly YIIIH CIIOAyMEeH KEHJEPIHeH JUTUIII eHIIpyIiH JaMy
TeHIeHIusapel  KapacTeipbuiabl. 1lIbiFbic  Ka3akcTaHHBIH HETI3rl JIMTHH KEH OPBIHIAPBIHBIH T'€OJIOTHSIIBIK
cUMaTTamanapbl, COHIAi-aK OJaplblH OHEPKICINTIK JaMy MYMKIHAIM TangaHibl. Kas3akcTangblK CHOAyMEH
KOHIICHTPAThIHAH OaTapesi camachlHAAFbl JIMTHH KapOOHATBIH aly TEXHOJIOTHACH o3ipieHmi. JKorapsl Taza IUTHI
kapbonateiHaH (99,5%) mutuit-noHasr akkymynsTopnap yurH taiMai LiFePO, xaToaTel MaTtepuanisl CHHTE3ACII.
JKoFrapbl TEXHOJNOTHSUIBIK ©HIM: 3aMaHayW JUTHiI-uOHABI Oatapesuiapra (JIMB) apnanran aHox jxoHE Karon
MaTepUaNIapbIH aly YIIiH OTaHIBIK JIUTHH KYpaM/bl MUHEPAIIIbl )KOHE TeXHOTEH/II IIUKI3aTThl JINTHHA KapOOHAThIHA
OHJICY/IIH TEXHOJIOTHSACBIHBIH TOJIBIK LUK YCHIHBULABL. OTaHABIK CIOAYMEH ILIMKI3aThIHAH JUTHH KapOoHAT
HEeTI3IH/er! JUTUI 3JeKTPOATHl MaTepHANIapblH alyAblH THIMII TeXHOJNOTHsIChl d3ipyeHi. COHFbI TYTHIHYIIBIFA
JKOFapbl JAopexe/Ieri NailblH OHIM IblFapyFa apHanran KasakcraHia JUTHIA KIACTEPiH KYPYAbIH HEri3ri MyMKiHZIT]
Keneci cxemara coiikec kepceriiren: Crogymenni kenzep — JIMTuiifi KOHLEHTpAaT — JIMTHH KapOOHATHI —
Jlutniial KaToATHIK MaTepuanaap — AKKyMyJjsTopiap.

Tyiiin ce3nep: NUTHIA, IKCTPAKLUs, KEH, CHOAYMEH, TEXHOJIOT U, TUTUIH KapOOHAThl, JIuTHH TeMmip (docdarsl,
JUTUH-UOH/IBI AKKYMYJISITOP.

. C. )KyMaﬁaeBal, I'. K. Bumnmoaea’, A. K. JKana6aesa'?,
A. M. Haau6aesa', E. H. A6aukanbikos’

1I/IHCTI/ITyT TOIUIMBA, Katanu3a u snexkrpoxumun uM. /1. B. Cokonbckoro, Anmatsl, Kazaxcran;
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TEXHOJIOI'USI ITIOJIHOT'O HUKJIA JIMTHEBBIX 3JIEKTPOJHBIX MATEPUAJIOB
JJIs1 JIMB 13 OTEYECTBEHHOI'O CbIPbA

AHHoTauus. B mocnenHne roasl HaOMIOMAeTCS YCTOWYMBEIM POCT MOTPEONIEHUS JUTHS B OOJACTH BBICOKHX
texaosoruil. [loaToMmy Bce Gombpiiee 3HAYCHHE MMEIOT HOBBIE METOMBI M3BJICUeHI JIUTHS. Pactipenenenne 3amacoB
JUTHAS B MHPE HEPABHOMEPHO, JOCTYI K €ro 3amacaM HrpaeT 3HAYUTENIBFHYIO PO U BIHMAET Ha TEXHOIOTHYECKOE
pa3BuTHe. B KauecTBe OCHOBHBIX NMPOMBIIUICHHBIX HCTOYHUKOB JIUTHS UCTIONB3YIOT PEAKOMETAIBHBIE IETMAaTHTHI U
JUTHEHOCHYIO parry.

B macrosmeit pabote paccMOTpeHBI TEHACHINU Pa3BUTHS MPOU3BOJCTBA JUTHA M3 CIIOAYMEHOBOW PYABI AJIS
MOJy4YeHHsI KapOoHaTa JUTHS BBHICOKON YHCTOTHL. [IpoaHaIM3MpOBAaHBI T€OIOTHUECKUE XAPAKTEPUCTUKHA OCHOBHBIX
JUTHEBBIX MecTopoxaeHui Bocrounoro Kazaxcrama, a Takxke BO3MOXXHOCTH WX HPOMBIIIJICHHOTO OCBOCHHS.
Pazpaborana TexHONOTHS TONyYeHHUS KapOOHAaTa JWUTHUS AaKKyMYyJISITOPHOTO cOpTa M3 Ka3aXCTaHCKOTO
CIIOOYMEHOBOTO KOHIeHTpara. Ha ocHoBe kapOoHaTa mHTHSA BBICOKOW dHCTOTHI (99,5%) cuHTE3MpOBaH
ahdexTuBHBI KaTomHBIM Matepuan LiFePO, mns nmutwit-monHbix Oatapeii (JIMB). IlpencrtaBieHa TeXHOJIOTHS
MOJTHOTO IMKJIA TepepadOTKH OTEUYECTBEHHOTO JUTUHCOIEPIKAMIETO MHUHEPAIbHOTO W TEXHOTCHHOTO CHIPhS B
KapOOHAT NUTHUS IS MPOM3BOJCTBA BBICOKOTEXHOJOTMYHON NMPOAYKIWHU: AHOAHBIX M KAaTOAHBIX MAaTEpUANIOB IS
coBpemennbix JIMB. Paspaborana 3((exkTuBHAS TEXHOJIOTHS JHUTHEBBIX 3JIEKTPOJHBIX MAaTEPHUAIOB HAa OCHOBE
BBICOKOYMCTOTO KapOOHaTa JWTUS W3 OTEYECTBEHHOI'O CIIOJYMEHOBOTO ChIpbi. [loka3zaHa NpUHOWITHATBHASL
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BO3MOXKHOCTH co3maHusl B Kazaxcrane MUTHEBOro Kiacrtepa Ui MPOU3BOACTBA IPOIYKTOB C BBICOKOW CTETIEHBIO
TOTOBHOCTH JUISI KOHEYHOTO MOTPEOUTENS 10 CXEMeE: CIIOyMEHOBBIE PYIbl — JINTHEBHIN KOHIIEHTPAT —> JINTHEBHII
KapOOHAT — JTUTHEBbIE KaTOJHBIE MATEPUANIBI — aKKYMYJISTOPBL.
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