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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
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HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
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PROSPECTS FOR CREATING A FULL CYCLE
OF LITHIUM PRODUCTION IN KAZAKHSTAN —
FROM ORE PROCESSING TO LITHIUM BATTERIES

Abstract. Today, lithium is becoming a new strategic material capable of influencing the sustainable
development of the world economy. The results of developments in the production of innovative electrode materials
from lithium carbonate on the basis of domestic lithium-containing raw materials with the creation of a full cycle of
the technological line of lithium production: from ores to modern lithium batteries are pesented. Analysis of the
explored reserves, mineral and material composition of domestic spodumene raw materials and lithium-containing
dumps of the Belogorsk GOK indicate the prospects and expediency of their development for the production of the
ever-increasing needs of the world market for lithium materials. As a result, the sulfuric acid technology for
obtaining high-grade lithium carbonate directly from spodumene was optimized, bypassing the stage of obtaining a
technical grade product, in a single technological process for processing spodumene with a reduction in the number
of technological operations, excluding the expensive operation of concentrating a lithium sulfate solution by
stripping. An efficient technology of purification and post-treatment of technical lithium carbonate to battery quality
0f99.95% has been developed, including the processes of causticization of technical lithium carbonate, ultrafiltration
and ion-exchange sorption of a solution of lithium hydroxide, followed by precipitation of lithium carbonate by
ammonium carbonate. Cathode materials - lithium iron-phosphate , obtained from high-purity lithium carbonate by
aerosol pyrolysis (MAP) and the sol-gel method (SGM), showed good electrochemical characteristics. The end result
is innovative electrode materials for modern LIBs with significantly increased capacity and stability. The practical
implementation of a full cycle of technologies from lithium-containing raw materials to modern lithium batteries
opens up prospects for the creation in Kazakhstan of a high-tech lithium cluster according to the Scheme:
Spodumene ores — Lithium concentrate — Lithium carbonate — Lithium cathode materials — Batteries

Keywords: lithium, extraction, ore, spodumene, battery grade lithium carbonate, li-ion battery, method,
purification, technology, recycling, cathode material, lithium iron phosphate.

Introduction. Lithium-ion batteries (LIB) lead the market among all available battery technologies.
They are widely used in portable electronic devices and electric vehicles [1]. LIBs have the advantages of
high energy density, high potential, long shelf life and wide operating temperature range. The main part in
the cost of LIB is made up of lithium-containing components (anode, cathode and electrolyte salt).
Therefore, intensive work is underway to find new materials with better performance and low cost. This
demand and the rapid development of the market for battery-powered devices, especially electric and
hybrid vehicles and renewable energy, over the past 10 years has led to a sharp demand for higher
capacity materials for LIB [2]. These batteries are also in demand in the market for military and space
technology, medicine, etc. The growing consumption of LIB in electronic equipment has increased the
demand for metals, especially lithium and lithium products. Lithium carbonate Li»COs is an important
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lithium salt that is widely used for the synthesis of cathode LIB materials due to its electrochemical
reactivity and other unique properties [3,4].

EV developers are constantly exploring new sources of lithium carbonate in order to reduce
dependence on its main suppliers - Chile and China. Today, the prospect of an "explosion" in the world
lithium market associated with the aggravated raw material issue is becoming real. Increased investor
interest in lithium products has led to dramatic changes in the lithium materials market. In May 2016,
lithium carbonate prices rose sharply and reached $ 26.4/kg. Lithium metal prices also rose sharply from
$ 100/kg to $ 400— $ 500/kg [5].

The rapid development of technologies in portable electronics (smartphones, laptops / tablets) and
electric transport, led to the fact that lithium is becoming a new strategic material capable of influencing
the sustainable development of the world economy [6, 7]. This led to its high demand in the international
market and an increase in prices for it. Lithium demand is predicted to grow significantly over the coming
years [8].

Currently, the sources for all commercial lithium production are mineral solutions and rich lithium
ores. Solutions of continental origin are the largest resource (59%) in terms of lithium content, followed
by hard rocks (25%). The largest known lithium deposits are found in Bolivia and Chile [9]. Australia and
Chile are the leading producers and exporters of lithium ore materials. China and Chile have significant
resources of lithium ore. Canada, Congo (Kinshasa), Russia and Serbia have lithium reserves of about
1 million tons each, while the same reserve for Brazil is 180,000 tons [10]. The distribution of lithium
reserves in the world is uneven. Access to its reserves plays a significant role and influences technological
development. Currently, lithium minerals are mined mainly from pegmatite. There are reserves of mineral
raw materials containing mainly spodumene and petalite, which are intensively explored and mined in
Canada, Finland and other countries. Spodumene is the main commercial lithium mineral containing about
8% lithium (in terms of Li20 oxide). About 50% of spodumene is mined in Australia and processed into
lithium carbonate in China [11]. Another type of lithium deposits is the brines of some highly saline lakes.
Chile and Argentina produce the largest part of the world's lithium from lake salts, together about 46% of
all lithium production (companies FMC, Rockwood and S.Q.M.) [10, 11].

One of the main uses of spodumene is in the production of high purity lithium for lithium-ion
batteries. Lithium obtained from spodumene has fewer impurities than lithium obtained from brines.
These pollutants can degrade battery performance, making it the preferred raw material source for lithium
battery. In this regard, there is currently growing interest in the development of lithium reserves
concentrated in the pegmatite deposits of spodumene, the main lithium-containing mineral suitable for
industrial processing. The problem of their development is the lack of efficient technologies for obtaining
lithium concentrates, which can significantly reduce the cost of obtaining lithium carbonate [12].

The growth of areas and volumes of application of chemical power sources based on lithium
compounds has led to the problem of developing a lithium raw material base due to the involvement of
new, previously unused lithium sources.

Kazakhstan has large reserves of various rare earth metals and their accompanying lithium, mainly
concentrated in Eastern Kazakhstan. According to the degree of readiness for development and
development costs, the lithium deposits of the East Kazakhstan region can be divided into two groups.

The first group includes lithium mineral deposits in the East Kazakhstan region. The Akhmetkino
deposit (vein 25), which has been explored and whose reserves have been approved, should be considered
promising, and in which more than 23 thousand tons of lithium oxide and other useful components are
concentrated [13, 14].

According to the US Geological Survey (USGS) at the beginning of 2013, the confirmed reserves of
lithium in the subsoil of foreign countries show that even according to preliminary data of proven
reserves, Kazakhstan is among the 10 world leaders.

The second group is represented by technogenic deposits, which are “tailings” formed due to the
activities of the Belogorsk GOK during the Soviet period. This group of deposits requires the lowest
development costs among the groups under consideration [15]. This group includes such concentrators as
Belogorsk with tailings reserves of 1560.3 (lithium content 2800 g/t), BelogorskoeVerkhne-
Baimurzinskoe with reserves of 4260 (lithium content 3200 g/t), Bakennoye with reserves of 1372
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(lithium content 1500 g/t), Ak-Kezenskaya with reserves of 700 (lithium content 250 g/t), etc. In total,
15868 t of reserves with lithium content of 958.33 g/t. In total, for the Belogorsk GOK, there are more
than 32 thousand tons of lithium in the dumps of the processing plants.

The purpose of this is to develop a technology for producing innovative electrode materials for
modern lithium batteries with the creation of a full cycle of a technological production line from extracting
lithium from domestic minerals and raw materials to science-intensive high-tech products - cathode and
anode materials of modern lithium-ion batteries

Methods and Materials.

Feedstock: lithium-bearing, spodumene ore from the Ognevka deposit (East Kazakhstan region). Due
to the fact that at present there is no production capacity for the production of spodumene concentrate
from the ores of lithium deposits in the East Kazakhstan region, this work was carried out on the ore of
manual disassembly. For this purpose, in the area of the exit of a powerful lithium-bearing, spodumene
vein in the area of Ognevka (VKO), a technological sample weighing about 20 kg was taken. The
processes of processing a technological sample for lithium carbonate were tested on the experimental
laboratory equipment of the Central Scientific Research Laboratory of JSC Ulba Metallurgical Plant
(UMP).

Additional purification of lithium carbonate to the quality of a battery grade of carbonization-
decarbonization in combination with sorption processes. For this purpose, ion-exchange resins from
Purolite and the appearance of ion exchangers Purolite S 930 plus, Purolite S 940, and Purolite S 950 were
studied.

To prepare the cathode material by spray pyrolysis and the sol-gel method, lithium-iron phosphate
and its modifications were synthesized. Syntheses of electrode materials were carried out on special
equipment of the Institute of Accumulators.

Electrochemical cell preparation:

The cathode suspension is uniformly applied to the carbon surface covered with aluminum foil (CC
Al) using a Micrometer Adjustable Film Applicator 150 mm with a Doctor Blade. A two-electrode
electrochemical cell of the "coin cell 2032" type, where the anode is metallic lithium and the cathode is the
synthesized material, lithium iron phosphate is collected in the glove box of the MBraun company. After
assembling the cell, it is pressed on a hydraulic machine. To prepare the anode part of the button cell, spot
welding of the Spot Welder brand (Japan) is used.

X-ray diffraction analysis of a lithium-iron-phosphate sample is performed on a Rigaku Smart Lab
diffractometer. For electrochemical studies: cyclic voltammetry (reaction reversibility) and galvanostatic
charge / discharge curves (determination of the cell capacity and cyclability, a VMP3 multichannel
galvanostatpotentiostat (Biologic) was used.

Resuts. The full cycle of technology for producing lithium materials from spodumene raw materials
includes the following main processing stages:

1. Sulfuric acid decomposition of spodumene concentrate and optimization of the technological
process.

The sulfuric acid method includes decryption of the spodumene raw material at a temperature of
1100 °C, which ensures the transfer of spodumene to the acid-soluble B-modification and the subsequent
processing of these media with sulfuric acid at a temperature of 250-300 ° C to obtain lithium sulfate
[12, 16, 17].

a-Li (Na) Al [Si,O¢] — B-Li (Na) [AlSi>O¢] (1)
Li [AlSi;O¢] + H2SO4 — LizSO4 + H[AISi,0¢] )

Treatment of the latter with a solution of soda ash makes it possible to obtain lithium carbonate as the
final product [15].

The task of this stage is to develop a method for producing high-grade lithium carbonate by
simplifying the process of purifying a lithium-containing solution from impurities. Optimization of
sulfuric acid technology made it possible to obtain high-grade lithium carbonate directly from spodumene,
bypassing the stage of obtaining a technical grade product, in a single technological process of processing
spodumene with a reduction in the number of technological operations for purification from impurities,
excluding the expensive operation of concentrating a solution of lithium sulfate by stripping.

—— 4 ——
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A feature of the proposed technology is that the concentration of lithium is carried out by the
membrane method of reverse osmosis, purification from impurities of metals and anions is carried out by
the method of causticization of lithium sulfate, the precipitation of lithium carbonate is carried out with
ammonium carbonate-UAS at a temperature of no more than 400 °C, followed by heating to 900 °C.
Moreover, the concentration of lithium by the reverse osmosis method is carried out with the return of a
part of the retentate stream to membrane filtration, and the proportion of the circulating retentate is
calculated so that the total salt content of the lithium sulfate solution supplied to the membrane filtration
does not exceed 35-40 g/1.

An essential feature of the method is the use of reverse osmosis membranes for concentrating a
solution of lithium sulfate, which makes it possible to exclude from the technology a very laborious and
expensive method of stripping off a solution of lithium sulfate. Concentration with the return of part of the
retentate stream to membrane filtration leads to an increase in the degree of concentration of lithium in the
retentate. Determination of the proportion of circulating retentate by the value of the salt content allows
for optimal filtration modes by the reverse osmosis method. An increase in the salt content of the lithium
sulfate solution supplied for filtration above 40 g/l is not advisable, since it will lead to a decrease in the
membrane performance. The proposed method also differs in that the purification of metal impurities that
form water-insoluble hydroxides and sulfate ion is carried out in one stage in the process of causticization
- the conversion of lithium sulfate into lithium hydroxide. This technique allows further precipitation of
lithium carbonate with a relatively cheap reagent, ammonium carbonate, and exclude the additional
introduction of sodium ions into the technological process [17-18].

2. Additional purification of lithium carbonate to the quality of a battery grade of at least 99.5% of
the content of the main component.

The technical problem posed is achieved due to the fact that in order to obtain high-purity lithium
carbonate, the purification of technical lithium carbonate from impurities is carried out by converting it
into lithium hydroxide monohydrate by the causticization method, since during the causticization process
there is a partial purification of most of the normalized impurities, primarily calcium, magnesium,
strontium, iron, due to the formation of poorly soluble hydroxides or carbonates of these elements at
pH> 14. The total degree of purification from the analyzed impurities is 96.3%. However, in order to
achieve the requirements of the quality specification of battery grade lithium carbonate, it is necessary to
reduce the total content of impurities by about 2.7 times, for which finer methods of purification should be
used - ion exchange sorption and / or ultrafiltration. The ultrafiltration method makes it possible to
selectively remove most of the contaminants dissolved in it from the solution, to purify a larger number of
impurities, and to reduce the load on sorption operations on synthetic cation-exchange resins based on
phosphonic compounds, sulfonic acids, or complex chelate compounds. Further purification goes through
the stages of ultrafiltration, ion-exchange sorption of a solution of lithium hydroxide and precipitation
with ammonium carbonate (UAS) of purified lithium carbonate, the suspension of which is treated with
carbon dioxide, and then after de-carbonization at a temperature of 75-900 °C, filtration and drying of the
resulting precipitate of lithium carbonate, we obtain high-purity 99, 95% lithium carbonate. The
bicarbonation is carried out at a pressure of 0.3 atm, which allows the use of conventional equipment that
is not designed to work under pressure, which simplifies and reduces the cost of the process and the final
product.

The technical result of the developed post-treatment technology is the production of high-purity
lithium carbonate with a basic substance content of 99.95% [19].

3. Obtaining innovative electrode materials for LIB from battery-grade lithium carbonate based on
domestic spodumene and technogenic raw materials

To date, the most promising cathode material for lithium-ion batteries is lithium iron phosphate
LiFePO,; with the olivine structure (hereinafter LFP). It has a number of important features: high
theoretical capacity (170 mAh/g), charge/discharge potential (3.4 V relative to the lithium electrode),
resistant to high temperatures (< 80 °© C) during charge/discharge, non-toxic and therefore widely used in
the portable battery market. To obtain lithium iron phosphate by the sol-gel method, as well as by the
spray pyrolysis method, powders of high-purity lithium carbonate (Li.COs, obtained on the basis of the
Kazakh mineral deposit Ognevka), 9-aqueous nitrate of iron (III) Fe (NO3);-9H20 were taken as starting
materials, ammonium dihydrogen phosphate NH4H,PO4, which served as sources of Li, Fe, P (0.5:1:1 or
1:1:1 in a molar ratio) with stirring in distilled water. Citric acid is then added to form a homogeneous
41
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suspension. Citric acid was used as a carbon source. The acidity of the solution, equal to pH 2, was
maintained by the addition of nitric acid. Then the solution is heated at 80 °C with constant stirring until a
gel is formed. The resulting gel is dried at 100 °C overnight. Finally, it is annealed at 720 °C for 12 hours
in an Ar/H2 atmosphere (95:5) to obtain lithium iron phosphate.

To study the synthesized powders (LiFePOQs), the methods of X-ray diffraction (determination of the
phase composition) and scanning electron microscopy (determination of morphology) were used. To
select the optimal temperature regime, synthesized samples were synthesized by spray pyrolysis at
temperatures of 500, 550, 600 °C and the results of X-ray diffraction are shown in figure 10. For
comparison, the X-ray diffraction pattern of a commercial LiFePO4 sample is presented.

4. Electrochemical characteristics of a battery with a synthesized cathode material.

When studying the electrochemical properties of the synthesized materials, the following methods
were used: cyclic voltammetry (VA) (reaction reversibility) and galvanostatic charge / discharge curves
(determination of the cell capacity and cyclability).

Studies of the Li/LiFePOs4 system showed a stable potential for lithium deintercalation from the
LiFePOy structure at 3.6 V and intercalation at 3.3 V for charge/discharge. No additional peaks were
found, indicating the absence of impurities in the synthesized material. Based on the results of cyclic
voltammetry, further galvanostatic testing was carried out within the voltage range of 2.5-4.2 V.

When analyzing the obtained charge-discharge curves, the initial discharge and charge capacities are
about 145 and 138 mAhg™, respectively. Material capacity is over 81% of theoretical capacity. In addition,
the sample has identical curves both during charging and discharging, which indicates a good reversibility
of the reaction and the ability to deliver all the accumulated energy during the LIB discharge [20, 21].

Conclusion. Thus, a technology has been developed for obtaining innovative electrode materials for
modern lithium batteries with the creation of a full cycle of a technological production line from extracting
lithium from domestic mineral raw materials to science-intensive high-tech products - cathode and anode
materials of modern lithium-ion batteries.

Creation of scientific and technological foundations for the development in Kazakhstan of a high-tech
lithium cluster for the production of products with a high degree of readiness for the end user according to
the scheme: Spodumene ores — Lithium concentrate — Lithium carbonate — Lithium cathode materials
— Batteries. A business plan for the creation of a cluster-oriented lithium production was developed
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KA3AKCTAHJIA JINTHIA OHIPICIHIH KEH OH/IPY IEH
JINTUI BATAPESIJIAPFA JEVIHIT -
TOJIBIK IUKJITH JKACAY NIEPCIEKTUBAJIAPBI

AHHoOTanus. byringe nuTUil oNeMIiK SKOHOMHKAHBIH TYPAaKThl JaMyblHA dcep €Tyre KaOuleTTi jkaHa
CTpaTerusulblK Marepuanra aiiHannsl. Jlutuii-nonael 6arapesmap (JIMB) xonpaneictarsl Garapesi TEXHOJIOTHsUIAPHI
apacblHa HapbikTa Kemn Oacran keneai. JIMB jxorapbl dHEprus THIFBI3ABIFBI, JKOFapbl MMOTEHIHWAJ, Y3aK CaKray
Mep3iMi KOHE KYMBIC TEeMIIEpaTypachIHbIH ayKbIMbl CHUSIKTBI apTHIKIIBUIBIKTAphl 0ap. DIEKTPOHIBIK ka0 bIKTaFbl
JINB TyTBIHYIBIH ©ciMi MeTallgapFa, acipece, JUTHI MEH JIMTUI eHIMIEpiHe AereH CYpaHbICTHI apTThIpAbL. JInTuid
kapOonathl Li;,CO3 — 3JIeKTpOXUMUSUIBIK, pEaKTHUBTLUIITT KoHE OacKa Ja epekiie Kacuerrepi apkackiaa JINb kaTtoarer
MaTepHalgapAbl CHHTE3/Iey YIIiH KeHiHeH KOJNIAHBUIATHIH MaHBI3IBI JIUTHH TY3bl. Ka3ipri ke3ne auTuiiain 6apIireik
OHIIIPICTIK K631 MHUHEpPAJIBl epITIHALIepI MEH JUTHA O0ail KeH OoipIn caHanmaabpl. JIuTHil MUHepangapsl HETi3iHeH
merMaTuTTeH oHmipiteni. KypaMmpiHIa ciogyMeH KoHE IMeTauT 0ap MHHEpaJabl MHUKi3aT Kopbl 6ap. CromgymeH —
HET13T1 TayapiblK JUTHA MuHepaibl, KypambiHaa (Li;O oxcunai 6oiibiHma) 8% nmutuid 6ap. JInTuil merivainepiHiy
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Tarbl Oip Typi — keiiOip ken Ty3bl. CHOIyMEHHIH HEri3ri KOJJAHBICBIHBIH Oipi JMTHH-HOHIbI Oarepusuiap YIIiH
JKOFaphl Ta3a JIUTHH eHmipici 0ombIn caHamaasl. KasakcraHma opTypili CHPEK Ke3[AeCEeTiH MEeTaIaap IblH KoHE oapaa
iJIecie JIMTUIIH YJIKEH KOpbI Ke3zecerdi, HeriziHen kopnap Ileireic Kazakcramma miorsipianrad. By cakray
JKyHenepi MeH SHeprusi Ke3iHiH, )KaHAPTBUIATHIH SHEPrUsIHBIH, JJIEKTPOHUKAHBIH QJIEMJIIK HApPBIFbIHIA MaHBI3JIbI
opbiHFa ue Oomy yuriH Kasakcranja xaHa JUTHH UHIYCTPUSICHIH KYPYFa MYMKIHJIK Ty IbIpajibl. by skymbicTa muTHid
OHJIIpICIHIH KeHHEH Ka3ipri 3aMaHFbl JUTHH OarapesuiapblHa IEHIHT1 TEXHOJIOTHSIIBIK JKENiCIHIH TOJNBIK IUKJIBIH Kypa
OTBIPBII, KYpaMbIH/A JIMTHHA 0ap OTaHIBIK MHUHEPAIIbl )KOHE TEXHOTEHJII IIHMKi3aT HeTi3iH/Ae JIMTUH KapOOHATHIHAH
WHHOBALMSUIBIK 3JIEKTPOATHl MaTepHangap/bl alyblH ©HAIpic HaTKenepi KepcerinreH. Jlutuii marepuannapsiHa
QNIEMIIIK HapBIK CYPAHBICHIH KaHAFATTaHIBIPY YIIIH OTaHIBIK CIIOAYMEH LIMKI3aThIHBIH JKOHE KYpaMbIH/IA JIUTHH Oap
Benorop I'OK vyitinginepaiy 6apiaHFaH KOpIapbIHBIH MHHEPAIIEI )KOHE MaTepPHAaJIbl KYPaMBIHBIH aHAJIH31 OJapabIH
JaMy MepCleKTUBAIapbl MEH MAaKCaTTBUIBIFBIH Kepcereni. HoTwkeciHne KbpIMOAT TypaThlH JMTHH CYJIb(AThI
epITIHAICIH OyJIaHABIPY apKbUIBI KOHLEHTPALMSIAY ONEPalUsAChIH >KOMBIN, TEXHOJOTHSJIBIK OIEpalusulap CaHBIH
a3alfTy apKpUIBl CIIOTyMEHIl KaiTa eHJeyHiH OipbIHFail TEXHOJIOTHMSUIBIK IPOLECIHAe >KOFapbl camajbl JIUTHH
KapOOHATBIH CIOJAYMEHHEH OHAIPYIiH KYKIPT KbIIIKBUIBI TEXHOJOTHACH OHTAIaHIBIPHULABL TEeXHUKAJbBIK JIUTHI
KapOOHAThIH KayCTHKTEHIIPYy, JUTHH T'MAPOKCUAIHIH EpITiHAICIH ynbTpaduibTpauusiiay KoHE HOH alMacThIpy
copOLMsCH, COJaH KeWiH JHUTHH KapOOHATHIHBIH aMMOHHWH KapOOHATBIMEH TYHJBIPY NPOLECTEPIHEH TYpaThiH
TEXHUKaJbIK JIMTHH KapOoHaThlH 99,95% Oarapesi camachlHa JeiiH Ta3apTy >KOHE KEHIiHTT OHJEYAIH THIMJI
TEXHOJIOTHUSCHI 33ipieH . Aspo3onbasl nuponu3 (MAID) sxone 30mb-rens aniciMer (SGM) Ta3alibIFbl )KOFaphl JINTHH
KapOOHAThIHAH aJIbIHFAH KaTOATHl MaTepuanaap — JUThil TeMip ¢ocdaTsl xoHe OHBIH MOAM(UKAIMSIAPHI )KAKCHI
ANEKTPOXUMHISIIBIK CHITATTaManapsl KepcerTi. TYNKUTIKTI HOTHXKe — KyaTThUIBIFBI MEH TYPAKTBUIBIFI elI9Yip apTKaH
3amanayn JIMbB apHanraH WHHOBAIWSUTBIK DIIEKTPOATHI Marepwaimap Oonbin caHamagsl. KypambiHma mutuit 6ap
IIMKi3aTTaH Ka3ipri 3aMaHfbl INTHIA OaTapesuiapblHa IEHiHT1 TEXHONOTUSUIAPABIH TOJBIK IUKIIH iC XKY3iHIE XKy3ere
achIpy cxemachl OOWBIHIIIA COHFbI MaiilallaHyIIbIFa JAalbIHIBIK JACHreil xKoFapbl oHIM eHaipy yuriH Kazakcranma
JKOFapbl TEXHOJOTHSUIBIK JIUTHH KIacTepiH Kypy HepcHeKTHBalapbiH kepceTeni. COHFBI TYTHIHYIIBIFA JAHbIHABIK
JICHI'elil JKOFapbl OHIM OHIIPY YIIIH KypaMblHAA JIMTHH Oap MIMKIi3aTTaH Kas3ipri 3aMaHFbl JIUTHH OaTapesuiapbiHa
JIEWIHTT TEXHOJOTHSUIAPIBIH TOJBIK LIMKIIH Kelieci ChI30a-Hycka OoiibiHIIa kepcerieni: CrogymeH KeHuepi —
Jlutuii koHueHTpaThl — JluTnii kapOoHaThl — JIUTHIT KaTOIBIHBIH MaTepuayigapsl — bartapesiapiabl ic Ky3iHzae
Ky3ere acblpy >KyMbIcTapbl KaszakcTaHma >KOFapbl TEXHOJIOTHSJIBIK JIMTHH KJIACTEPiH KYpPYJIbIH KeJelleriH
KaJIBINTaCThIPAIbI.

Tyiiin ce3mep: MUTHI, SKCTpaKUKs, KeH, CIIOIYMEH, aKKyMYJISITOPJIbI canajbl JIMTHH KapOOHATHI, INTHH-NOHIBI
AKKyMYJISITOD, 97Iic, Ta3ayay, TEXHOJIOTHsl, KalTa OHJIey, KaTOIThl MaTepHall, IUTUI TeMip-ocatsl.
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HEPCIIEKTUBBI CO3JJAHUA ITIOJIHOI'O TUKJIA
NPOU3BOACTBA JIMTUSI B KASBAXCTAHE —
OT IEPEPABOTKH PYJ 10 JIUTUEBBIX BATAPEU

AnHoTanusi. CerofHs JWTHH CTaHOBUTCA HOBBIM CTPATETMUECKHMM MAaTEpUalIOM, CIIOCOOHBIM BIMATH HA
YCTOHYMBOE pa3BUTHE MHPOBOH SKOHOMHUKH. JluTnii-moHHble Gatapem (LIB) muampyioT Ha pBIHKE cpenu Bcex
JOCTYIHBIX aKKyMyJIITOPHBIX TexHosorumid. LIB o0mnamaroT TakuMu NpenMyIlecTBaMM, KaK BBICOKAs IUIOTHOCThb
SHEPI'UH, BBICOKHI MOTEHIUA, JJIUTEIBHBIA CPOK XPAHCHHS M IIUPOKHUI TUama3oH padouyux Temreparyp. Pactymiee
norpebienue LIB B 351eKTpOHHOM 000pYIOBAaHUN YBEIUYHIIO CIPOC HA METaJUIbl, OCOOCHHO HA JIUTUN W JIUTHCBHIC
nponyktel. KapOonat mutust LixCO 3 siBisieTcsi BayKHOM JIMTHEBOH COJBIO, KOTOpas IIMPOKO MCIIOJIB3YETCS ISt
CHHTE3a KaTOJAHbIX MarepuaioB LIB u3-3a ee 3IeKTpOXMMHUYECKOW pEeaKIMOHHOH CIIOCOOHOCTH M JPYTHX
YHHUKaIbHBIX CBOWCTB. B Hacrosimee BpeMsi MCTOYHHMKAaMH JUII BCEr0 KOMMEPYECKOTO IPOM3BOACTBA JIUTHUS
SIBJISIFOTCS. MUHEPAJIbHBIE PACTBOPHI M OOraThlie JIMTHEBHIE py/Ibl. JINTHEBbIE MUHEPAJIBI JOOBIBAIOTCS B OCHOBHOM U3
nermatuTa. CriogyMeH - OCHOBHOM KOMMEPYECKHH JTUTHEBBIH MUHEPAJI, COIEPXKUT 0KoJ0 8% nutus (B mepecdere Ha
okenp LixO). OmHuM M3 OCHOBHBIX NMPUMEHEHHH CIIOyMEHA SIBJISETCS MPOM3BOJCTBO JHUTHSI C BBICOKOW CTEHEHBIO
YHCTOTHI UL INTHH-MOHHBIX Oarapeil. Kazaxcran nmeer OosbIIne 3anachl pa3InIHBIX PEIKO3EMENIbHBIX METAJIOB U
COITYTCTBYIOIIIETO UM JIMTHs, B OCHOBHOM cocpenoTrodeHHble B Bocrounom Kaszaxcrane. OTo aeT BO3MOXHOCTh
coznate B KazaxcTaHe HOBYIO JINTHEBYIO OTpacilb, YTOOBI CTaTh BaKHBIM MIPOKOM Ha MHPOBOM PBIHKE CHCTEM
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XpaHEHHs W MCTOYHUKOB OJHEPrHM, BO300HOBIAEMOIl JSHEPreTHKH, O3JIEKTPOHMKH. B Hacrosmeil paborte
MIPEACTABICHBl PE3yIbTaThl Pa3pabOTOK MOTy4eHHWs MHHOBAIIMOHHBIX 3JIEKTPOAHBIX MaTepHalioB M3 KapOoHara
JIMTUA Ha OCHOBC OTCYCCTBCHHOI'O HHTMﬁCOﬂep)KaHlEFO MUHEPAJIBHOTO M TEXHOI'CHHOT'O CbIpbA C CO3JaHUEM
IIOJIHOT'O IMKIJIa TEXHOJIOTNYECKOMN JIMHUHU JIUTUEBOTO MMPpOU3BOACTBA: OT pyAbl 10 COBPEMCHHBIX JIMTUCBLIX 6aTapeI71.
AHanu3 pa3BellaHHBIX 3a11acOB, MUHEPAJIbHOTO U BELIECTBEHHOT'O COCTABA OTEYECTBEHHOT'O CIIOJYMEHOBOI'O CHIPbS U
nutuiiconepxkamux orBanoB benoropckoro 'OK CBHIETENBCTBYIOT O HEPCIEKTHBHOCTH M LENECOO0Pa3HOCTH MX
OCBOCHUSI JJIsl IIPOU3BOJICTBA BCEBO3PACTAIONINX MOTPEOHOCTEH MHpPOBOTO PHIHKA B JIMTHEBBIX Marepuaiax. B
pe3ysbTare ONTHMH3MPOBAaHAa  CEPHOKHCIIOTHAs TEXHOJOTHS IOJY4YEHHsT BBICOKOCOPTHOTO  KapOoHara JIUTHS
HETIOCPEJICTBEHHO W3 CHOAyMEHAa, MHHYS CTaJui0 MOJy4eHHsS TIPOAYKTa TEXHHYECKOTO COpTa, B EIAMHOM
TEXHOJOTHYECKOM TIpoIlecce MepepaboTKU CIIOJYMEHa C COKpAIeHHEM YHCJIA TEXHOJOTWYECKHX OIepanui,
WCKJIFOYEHHEM JIOPOTOCTOAIIEH OIepaluy KOHLEHTPUPOBAHUS pacTBOpa cCyinb(hara JUTHA METOAOM YIapKH.
Paspaborana s¢QexTuBHas TEXHOJIOTHS OYUCTKM M JOOYUCTKH TEXHMYECKOr0 KapOOHaTa JHTHA JO
aKKyMyJISITOpHOTO KadecTBa 99,95%, BKIIIOYAIOIIAs MPOLECCHl KayCTH(UKAIMA TEXHHYECKOro KapOoHaTta JIUTHS,
yabTpadUIbTpallil U MOHOOOMEHHOH COpOLMH pacTBOpa THAPOKCHIA JHTHA, ¢ HOCICAYIONIMM  OCaKICHHEM
yrieaMMOHHIHOM conbkapOoHaTa nuts. KaromHble mMatepuansl - docdar nutus, xkejae3a U ero Moau(pUKaiuu,
MOJy4EHHbIE M3 BBICOKOUUCTOrO KapOoHaTa JIMTUS a3po30iibHbIM nuposinzoM (MAIT) u 30mb-rens meronom (3I'M),
TMOoKa3aJin XOPOUIHE IJJICKTPOXUMHNUYCCKUE XapaKTCPUCTHUKU. Koneunsim PEIYJIbTATOM SBJIAKOTCA HWHHOBAILIMOHHBLIC
SJIEKTPOJHbIE MaTepHhajbl sl coBpeMeHHBIX LIB co 3HaumTenbHO YBENIMYEHHOH €MKOCTBIO M CTaOMIIBHOCTEIO.
[TpakTrueckoe BHeIpEHHE ITOJHOIO LUKJIA TEXHOJIOTHI OT JIMTUHCOAEPKAIIETO CHIPhs 10 COBPEMEHHBIX JIMTHEBBIX
aKKyMyJIITOPOB OTKPBIBACT MEPCIEKTUBHI co3aHus B KazaxcTaHe BRICOKOTEXHOIOTHYHOTO JINTHEBOTO KilacTepa Juis
MIPOM3BOJCTBA MPOAYKIMH C BBICOKOW CTENEHBbIO TOTOBHOCTH JUIi KOHEYHOro morpeburtens mo Cxewme:
CromymeHoBble pyasl — JlutweBblid koHmeHTpaT — KapOoHat mutus — JIuTHeBBIe KAaTOIHBIE MaTepUAIbl —
AKKYMYJISTOPHI.

KaroueBble cjioBa: IUTHH, U3BJICUCHHE, PyJa. CHOAYMEH, KapOOHAT JUTUSI aKKyMYJISITOPHOTO COpTa, JIUTHH-
MOHHBIN aKKyMYJISATOP, METOJ, OYMCTKA, TEXHOJIOTHs, lepepaboTKa, KaTOJHbIH MaTepual, JINTHH-Kene30 docdar.
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