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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 LiFePO4 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].
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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 ofthe 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 oC 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 ofevaporation 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.
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Education and Science ofthe Republic of Kazakhstan (Grant No. AP05135814).
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OTAHAbIK LUNKI3ATTAH ANbIHTAH NINB-KE APHANTAH IUTUIANL 9NEKTPOAThI
MATEPUANJAP TEXHOJTOTUNACBIHbIH TOJ1bIK LLINKJ11

AHHOTauusa. COHrbl XbINgapbl >XOrapbl TexHoNOrMsga /AWMTWIALI TYTbIHYAbIH TypakKTbl €CY KapKblHbI
6aiikanagbl. COHAbIKTAH NUTWIA anyfblH XaHa 3jicTepi 6apraH caliblH Maubl3gbl 60na TYcyge. dnemae nvMTUin
KOp/fiapbiHbIH Tapanybl 6ipKenKki emMec, OHbIH KopnapblHa KON >KeTKI3y MaHbI3abl 60MbIN  caHanagbl XaHe
TEXHOMIOMMANBIK famMyra 3cep eTear

Byn XymbICTa Xorapbl Tasa NNTWIA Kap6oHaTbiH any Y™/ cnofyMeH KeHAeplLleH AUTWALI eHAIpy4iH famy
TeHfeHUMANapbl KapacTbipbingbl. LUbirbic KasakcTaHHbIH Herisri AMTUA  KeH OpbIHAAPbIHbIH  Fe0N0rmAIbIK
cunaTTamanapbl, COHAal-ak o0napAblH eHepKacinTik fgaMy MYMKIHAIr TangaHibl. KasakcTaHablK CrnogyMeH
KOHUEHTpaTbiHaH 6aTapes canacbiHAarbl NUTUIA KapboHaTbliH any TEeXHOMOrusckbl 33ipneHgi. XXorapbl Tasa nAUTWiA
KapboHaTbiHaH (99,5%) NUTUR-MOHALI akKyMynaTopnap YwiH Tuimgi LiFePO4 katogTbl MaTepuasnbl CUHTe34eNAi.
>Korapbl TeXHONMOrUAMALIK €HiM: 3aMaHayn nuTWii-MoHabl 6Gatapesnapra (JIMB) apHanraH aHojh >X3He Katoj
MartepuvangapbliH any YLiH 0TaHAbIK MTUIA Kypamibl MUHepasiabl XK3He TEXHOTeHAi WNK13aTTbl INTUI KapboHaTbIHA
eufeyAiH TeXHOMOTUACbIHbIH TOMbIK LUKT YCbiHbIIAbl. OTaHAblK CNOAYMeH LWMKI3aTbiHAH NAUTUA  KapboHaT
Hen3waen NUTWUIA 3MEeKTPOATbI MaTepuanjapblH anyiblH TUIMAI TexHonorusckl 33ipneHgi. CoHrbl TyTbIHyLWbIFa
Xorapbl gapexegeri gaibliH eHiM Wbirapyra apHanradH KasakctaHga MMTuid Knactepll KypyablH Heri3ri MYMKiHAIri
Keflieci cxemara caikec KepceTinreH: CnogymeHfi keHpep — JIMTuiAgi KOHUEHTpPAaT — uTuii KapboHaTbl —
NInTniAgi KaToATbIK MaTeprangap — AKKymynaTopnap.

TyLWH ce3gep: MTURA, 3KCTPAKUWS, KeH, CNOAYMEH, TEXHOOMUA, NMTUA KapboHaTbl, NUTWiA Temip docdathl,
NNTUIA-NOHbI aKKYMYNSTOP.
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TEXHONOInA noJIHOIro UMKANA JTNTUEBBLIX SNEKTPOAHBLIX MATEPUNAJIOB
ONA b N3 OTEHECTBEHHOTIO CbIPbA

AHHOTauusa. B nocnegHue rogbl HabntofaeTcs ycTOMYMBLIA POCT NOTPEBAEHUS NNTUSA B 0611aCTU BbICOKUX
TexHosoruii. Noatomy Bce 60/blLUee 3HAYEHWE MMEIOT HOBble METOAbI M3BMeYeHMsa NMTKA. PacnpefeneHre 3anacos
NUTNA B MUPE HepaBHOMEPHO, AOCTYM K ero 3anacaM UrpaeT 3HaAUYUTENbHYI0 PO/ib U BAWUAET HA TEXHOMOrMYeCKoe
pa3BuTue. B KayecTBE OCHOBHbIX MPOMbILL/IEHHBLIX UCTOYHUKOB IUTUA UCMOMb3YIOT PejKOMeTaslbHble MermMaTuTbl U
JNINTUEHOCHYIO pany.

B HacTosieli pa6oTe pacCMOTPeHbl TEHAEHL MM pasBUTUSA MPOM3BOACTBA IMTUS M3 CMOAYMEHOBONM pyabl ANs
nonyyeHns KapboHaTa NUTWA BbICOKON YMCTOTbI. MpoaHanM3MpoBaHbl Fe0/I0rMYecKne XapaKTepucTUKN OCHOBHbIX
NINTMEBBLIX MecTOopoXAeHnii BocTouHoro KasaxctaHa, a Takke BO3MOXHOCTWM WX MPOMbILUJIEHHOTO OCBOEHMS.
PaspaboTaHa TexHOMOrMsa MoOMy4YeHUsA KapboHaTta /NTUA  aKKYMYNATOPHOIO copTa W3 KasaxCTaHCKOro
CNOAYMEHOBOI0 KOHLUeHTpaTta. Ha ocHoBe Kap6oHaTa /AUTWA BbICOKOM u4ucToTbl (99,5%) cuHTe3nmpoBaH
3hheKTUBHBIA KaToAHbIi MaTepuan LiFePO4 gna nuTtuid-uoHHbIX 6aTapein (JIMIB). MpeacTtaBneHa TexHOA0rus
MOMIHOTrO LMKAa NepepaboTKM OTEYECTBEHHOrO NUTUIACOAEPXKALLero MWHEPasbHOro0 UM TeXHOFEHHOr0 CbipbS B
KapboHaT MTUA 415 NPOM3BOACTBA BbICOKOTEXHO/IOTMYHONM MPOLYKUMN: aHOAHbIX M KaTOAHbIX MaTepuanos NS
coBpemeHHbIX JIMB. PaspaboTaHa ahdeKTUBHAA TEXHOMNOTUA NNTUEBLIX 3/IEKTPOAHLIX MaTepuanoB Ha OCHOBE
BbICOKOYMCTOro Kap6oHaTa NUTUA W3 O0TEYeCTBEHHOrO CMOLYMEHOBOro CbipbA. [loKasaHa npuHUMNUaibHas
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BO3MOXHOCTb CO3A4aHus B KasaxcTaHe NNTWEBOro Knactepa Ans MPOM3BOACTBA NMPOAYKTOB C BbICOKOW CTEMeHbHO
rOTOBHOCTY [/11 KOHEYHOr0 NOTPebUTeNst No CXeme: CMOAYMEHOBbIE PYAbl N NUTUEBbIV KOHLEHTPAT N NNTWEBbIN
KapboHaT N NNTUEBble KaTOAHble MaTepuasbl N aKKyMynaTopsbl.

KnioueBble cnoBa: NMTUIA, N3BeYeHUe, pyaa, CNOLYMeH, TEXHOOMMSA, KapboHaT NMTNA, NUTUIA-Kenes3o-
thocthaT, MMTUNIA-NOHHBIV aKKYMY/IATOP.
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