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ABSTRACT

Lithium is the most important raw material for the production of modern electronics and electric
vehicles. Today, it is impossible to imagine any mobile device without lithium batteries. The role
of lithium in the global economy is only growing. The production of electric vehicles and batteries
contributes to the reduction of carbon dioxide emissions. Nevertheless, end-of-life lithium-ion
batteries pose a danger to the ecosystem. The article presents technological developments in the
field of lithium extraction. The main sources of lithium are pegmatites, continental and geothermal
brines, as well as clays, seawater and industrial brines. The main commercial lithium product is
lithium carbonate (Li»COs), which is obtained mainly from the mining, extraction and processing of
spodumene ores and saltlake, oilfield brines. The effective role of lithium in addressing important
issues such as pollution, climate change and the increasing depletion of natural resources used to
produce lithium-ion batteries for these electric vehicles is also discussed.

Keywords: lithium outlook, lithium minerals, demand and use, lithium resources, key technologies.

Yersaiynova Albina Abatkyzy

Information about authors:

Doctoral student, laboratory of titanium and rare refractory metals, Institute of Metallurgy and
Ore Beneficiation JSC, Satbayev University, Shevchenko str., 29/133, 050010, Almaty, Kazakhstan.
Email: a.yersaiynova@satbayev.university; ORCID ID: https://orcid.org/0000-0003-0638-380X

Karshyga Zaure Baitaskyzy

Ph.D., Leading Researcher, Associate Professor, laboratory of titanium and rare refractory metals,
Institute of Metallurgy and Ore Beneficiation JSC, Satbayev University, Shevchenko str., 29/133,
050010, Almaty, Kazakhstan. Email:  z.karshyga@satbayev.university;  ORCID  ID:
https://orcid.org/0000-0002-3025-7363

Muhammad Noorazlan Abd Azis

Ph.D., Associate Professor, Faculty of Science and Mathematics, Universiti Pendidikan Sultan Idris,
Tanjung Malim, Perak, 35900, Malaysia. Email:azlanmn@fsmt.upsi.edu.my; ORCID ID:
https://orcid.org/0000-0002-2792-4145

Yessengaziyev Azamat Muratovich

Ph.D., Head of the Laboratory of Titanium and Rare Refractory Metals of the Institute of Metallurgy
and Ore Beneficiation JSC, Satbayev University, Shevchenko str., 29/133, 050010, Almaty,
Kazakhstan. Email: a.yessengaziyev@satbayev.university; ORCID ID: https.//orcid.org/0000-0002-
4989-4119

Orynbayev Bauyrzhan Munarbaiuly

Doctoral student, laboratory of titanium and rare refractory metals, Institute of Metallurgy and
Ore Beneficiation JSC, Satbayev University, Shevchenko str., 29/133, 050010, Almaty, Kazakhstan.
Email: Bauyrzhan.Orynbayev@stud.satbayev.university; ORCID ID: https.//orcid.org/0000-0002-
7730-9060

Introduction

Lithium and lithium-containing compounds are

absorbent medium in industrial refrigeration
systems as well as in humidity control and
dehumidification systems. In metallurgy, lithium is
used in the production of lightweight alloys used in

vital strategic resources for the economy, and their
consumption is growing rapidly every year. Lithium
is also one of the most important metals that set the
direction of scientific and technological progress in
the modern world. Lithium and its alloys are used in
a wide variety of industrial applications, such as:
batteries, ceramics and glass, lubricating greases,
polymer production, medical, continuous casting
mold flux powders, air treatment, and other uses [1].

In glass and ceramics manufacturing, lithium is
used as a flux where it helps lower the melting point
and increase durability [2]. Lithium can be used as an

aviation and aerospace, as well as in the production
of high-strength, corrosion-resistant military
components. In medicine, it is used to treat bipolar
disorder, depression and other mental disorders [3].
Lithium is also used as a thickener in the production
of lubricants. These lubricants have excellent heat
resistance and water repellency properties, making
them ideal for use in heavy equipment and
automotive applications. Lithium is widely used
today in the manufacture of batteries, especially
lithium-ion batteries, which are used in electric
transport, stationary energy storage systems, as well
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Figure 1 - Use of lithium and its compounds in the world from 2019 to 2023

as in compact power supplies for computer and
telecommunications equipment. According to U.S.
Geological Survey, Mineral commodity summaries
over the last 5 years, the application area of lithium
is changing [[4], [5], [6], [7], [8]]. Figure 1 shows a
steady annual increase in the use of lithium in

batteries, while other areas show a decrease.
Since Sony and Asahi Kasei introduced lithium-

ion batteries in 1991, lithium-ion batteries have
significantly changed many aspects of our daily lives
[[9], [210]]. In recent years, the demand for lithium
has been steadily increasing as global energy storage
markets are growing rapidly [11]. The electric vehicle
industry is experiencing particularly rapid growth,

significantly accelerating this process [12].
Between 2021 and 2022, global fossil fuel-

derived carbon dioxide (CO;) emissions increased
and reached the highest level in history [[13], [14]].
The main sources of atmospheric pollution are
industrial enterprises and automobiles [15].
Industrial facilities emit gases and dust into the
atmosphere, and vehicles emit significant amounts
of exhaust gases [16]. Atmospheric pollutants
include not only gaseous substances but also fine
dust containing heavy metals such as lead (Pb),
cadmium (Cd), and mercury (Hg), which pose a
serious threat to human health [[17], [18], [19]].
Also, due to the emission of CO,, NOy and other
gases into the atmosphere in large quantities, we
intensively observe climate change every year:
floods, forest fires, drought and other major
disasters [[20], [21]]. In this regard, international
organizations intend to switch to renewable energy

sources to reduce the spread of greenhouse gases
and to reduce the load of fossil fuels [22].

Increased demand for lithium has an impact on
its price. The formation of lithium prices depends on
its supply, which, in turn, may be constrained by its
natural reserves, as they are concentrated in a
limited number of countries.

Main lithium minerals and world reserves

The main sources of lithium are pegmatites,
continental and geothermal brines, also clays,
seawater and industrial groundwater [23]. The main
commercial lithium product is lithium carbonate
(Li,COs), which is obtained mainly by mining,
extraction and processing of spodumene ores and
saltlake, oilfields brines.

More than 100 natural lithium minerals have
been identified [[24], [25]]. Lithium is predominantly
found in the form of silicates, less frequently in the
form of phosphates, and lithium minerals from other
classes are extremely rare [26]. Commercial lithium
minerals are: spodumene, lepidolite, petalite,
eucryptite and cinnwaldite, also other minerals are
presented in Table 1 [27].

According to U.S. Geological Survey, Mineral
commodity summaries U.S. Geological Survey
lithium reserves worldwide in January 2024 are
about 105 million tons [7]. Figure 2 shows that
Bolivia, Argentina, USA and Chile have the largest
lithium reserves. In Kazakhstan, according to the
USGS, lithium reserves amount to 50 thousand tons.




Complex Use of Mineral Resources. 2026; 337(2):95-107

ISSN-L 2616-6445, ISSN 2224-5243

Table 1 - The main lithium minerals

Mineral name Chemical formula Content of
Li20, %
Spodumene LiAI[Si20s] 5.9-7.6
Bikitaite LiAISi206*H20 6.51
Holmquistite Li2(Mg3Al2)Sig022(0OH)2 1.1
Lepidolite KLi2Al(Al,Si)4010(F,0H)2 4.1-5.5
Cinnwaldite K(Li,Fe,Al)3(OH,F)2[AlSi3010] 2.9-4.5
Tyniolite KLiMg2[SiaO10](OH, F)2 3.70
Polylithionite KLi2Al[SiaO10] F2 3.70-7.70
Bitite Caa(Li,Be,Al)12[(Si,Al)4010] [OH]2 2.73
Kukeit LiAl4[SizAlO10](OH)s 0.80-4.33
Eucryptitis LiAI[SiO4] 6.1
Petalite LiAl(SiaO10) 3.4-4.1
tonn
Kazakhstan |1 50000
Austria | 60000
Finland 1 68000
Ghana = 200000
Namibia = 230000
Portugal = 270000
Spain = 320000

Zimbabwe == 690000
Brazil === 800000
Mali === 890000
Russia === 1000000
Peru === 1000000
Serbia === 1200000
Czechia == 1300000
Mexico mmmmsmm 1700000
Congo (Kinshasa) = 3000000
Canada === 3000000
Germany meessssssss—m 33800000

China Eeeesssssssssssssss—— 63800000

Australia Tee—eesssssssssssssssssssm—— 8700000

Chile e——eessssEEEEEEESEEEESESEsssssm——— 11000000

Argentina e 22000000

B0\ a1 2 3000000

Figure 2 - Lithium reserves by country

President of Kazakhstan Kasym-Jomart Tokayev
in 2022 during a meeting with the public of Zhetysu
region stated about the large reserves of lithium in
the bowels of Kazakhstan and the need for serious
investment in the exploration and development of
lithium, also instructed the Geological Service to
intensify work in this direction [28].

Lithium deposits are mainly located: in East
Kazakhstan region Akhmetkino, Akhmirovskoye,
Bakennoye, Verkhne-Baimurzinskoye, Yubileynoye,
Medvedka, Karasu, Kokkol, Targynskoye, in Aktobe
region Verkhne-Irgizskoye. in Kostanay region
Smirnovskoe and Drozhzhzhilovskoe, in Karaganda
region lithium (Li) is established at the Zhanet
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deposit, in Almaty region at the Karagailyaktas
deposit, in Zhambyl region lithium mineralization is
established at the quartz vein deposit Maikol [29].
Currently, the above-mentioned sites are being
explored, or the sites are mothballed or in reserve.

Mining activities are gaining momentum every
year. Reserves of some rare elements have
significantly decreased, while their demand has
increased dramatically due to their increased use in
new areas of engineering and technology. In this
connection it is becoming more and more important
to search for and involve in industrial development
new types of mineral raw materials. One of such
sources for many valuable elements necessary for
various branches of economy can be underground
industrial brines, which are a kind of “liquid ore”
[30]. Its advantage over traditional ores is obvious:
hydro-mineral raw materials have a polycomponent
and can simultaneously serve as a source for the
extraction of various valuable metals, such as lithium
[31].

The comparison shows that the average brine
deposit (1.45 million tons of lithium) is significantly
larger than the average pegmatite deposit (0.11
million tons of lithium). Especially large brine
deposits, such as Salar de Atacama in Chile and
Uyuni in Bolivia, have a much larger total lithium
resource (21.6 million tons of lithium) [[32], [33]].
Also lithium-bearing brine resources around the
world are: Clayton Valley, USA, Salton Sea, USA,
Salar de Atacama, Chile, HombreMuerto, Argentina,
Salar de Uyuni, Bolivia, Searles Lake, USA, Great Salt
Lake, USA, Dead Sea, Israel, Sua Pan, India,
Bonneville, USA, Zabuye, Taijinaier, China. Thus,
brine deposits have a much greater capacity for
large-scale and long-term mining compared to
pegmatite deposits. Lithium mining from brines is
considered more favorable than mining from ores
because it is more environmentally friendly and
cost-effective [33].

On the territory of Kazakhstan 4 perspective
provinces of industrial waters are identified: Pre-
Caspian, Mangistau-Ustirt, Shu-Sarysu and South-
Torgai. All provinces of industrial waters are
associated with oil and gas bearing fields [34].
Locating lithium feedstock in or near industrial areas
has significant advantages.

All natural sources of lithium raw materials have
their own characteristics: the type of raw materials,
the quantitative content of the main component,

the accompanying impurity components and their
guantity, and others.

Therefore, when processing existing raw
materials and creating own production facilities, an
individual approach is required with the study of
modern technological developments and the
involvement of new advanced solutions.

Lithium extraction methods

For spodumene concentrate, which is currently
the main one among lithium concentrates, four
treatment methods are known: sulfuric acid, sulfate,
lime and chloride roasting. All these methods are
used in industry, and the choice of a particular one
depends on the economic efficiency [[35], [36]].

Sulfuric acid method. Lithium extraction by acid
leaching is much more efficient when using -
spodumene as a starting material than a-
spodumene [[37], [38], [39]]. Therefore, before
sulfatization, natural spodumene is heat treated to
convert the minerals into a more reactive form [[40],
[41]]. After dicrypitation is followed by sulfatization
with sulfuric acid, Decomposition reaction of
spodumene with sulfuric acid to form lithium sulfate
[[42], [43]]:

Li ;0-Al,05-4Si0,+ H;S04 > Li,SO4 + 4Si0; - Al,05 - -H,0 (1)
Li;SO4(s) > Li>SOu(aq) (2)

Li2SO4(aq) + Na2CO3(aq) > Li2CO3(s) + Na2SO4(aq)  (3)

In this process, H* ions from the acid
chemoselectively replace Li* ions in spodumene as
described in equation (1), forming water-soluble
Li;SO4s) [42]. The resulting soluble compound is
leached with water according to equation (2), after
which the solution is treated with lime at 90°C to
adjust pH and remove impurities. Further, lithium
carbonate is extracted by adding sodium carbonate
solution to the extract, which is reflected in equation
(3) [[42], [43]]. The technological scheme of the
sulfuric acid method of spodumene concentrate
processing is presented in Figure 3.

The advantage of the sulfuric acid method is: no
need to grind the ore due to the fact that preliminary
decryption leads to its loosening, so that
sulfatization with sulfuric acid is successfully carried
out even in the treatment of large fractions, and
there are no long high-temperature processes.
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Figure 3 - Technological scheme of sulfuric acid method of spodumene concentrate processing

Sulfate method. This method is based on
sintering of lithium ores and concentrates with
potassium sulfate [[26], [44]]. The process is based
on direct substitution of lithium with potassium [45].

Sintering of natural spodumene with potassium
sulfate takes place at temperatures of 920 -1050°C,
where a-spodumene under heating changes into B-
spodumene, which reacts with potassium sulfate:
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Li20-Al205-4S5i02 + K2504 = Li2SO4 + K20+ Al203-45i02 (4)  precipitated lithium carbonate is squeezed, washed

The obtained sinter is quenched with water and and dried:

leached, separating the insoluble residue by
decantation or filtration. The solution containing
lithium sulphate and impurities is purified with
potassium or sodium hydroxides, after which lithium The technological scheme of spodumene
carbonate (Li,COs3) is precipitated with sodium  concentrate processing by sulphate scheme is
carbonate according to equation (5). The presented in Figure 4.

Li2504(aq) + N02C03(aq) -2 LizCOg(s) + N02504(0q) (5)
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Figure 4 - Technological scheme of spodumene concentrate processing by sulfate scheme
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Figure 5 - Technological scheme of spodumene concentrate processing by lime method

Under optimal sintering conditions, the degree
of mineral penetration reaches 90-95%, which
indicates the high efficiency of the method. Also this
method allows to obtain lithium carbonate with high
purity, which is important for further use in industry.
The disadvantage of the method is a large
consumption of potassium sulphate.

Lime method. The lime method is based on the
sintering of lithium concentrates with the adding of
lime or limestone, and then decomposition of the
resulting sinter with water [44].

The technological scheme of spodumene
concentrate processing by the lime method is
presented in Figure 5.

Sintering of spodumene with limestone is
carried out at a temperature of 1150-1200°C. The
following reaction takes place:

Li 20-Al,03-4Si0 > +8CaC0Os3 > Li20 -Al;03+
+4(2Ca0-Si0;) + 8CO; (6)

The reaction of spodumene with lime can be
described as follows:

Li20-Al203-4Si0; + 4Ca0 + 4H20 -> 2LiOH + 2AI(OH)s +
4CaSios (7)

The lime method has the following advantages:
it is universal for opening of all lithium minerals, it
does not require scarce reagents (only natural
limestone is needed). However, the lime scheme has
serious disadvantages: the initial concentrate should
be rich in lithium content, and limestone should be
of high quality, with low content of silicon,
aluminum, iron [46]. Due to the low concentration
of lithium in solutions after leaching, large volumes
of process equipment and high energy consumption
for evaporation are required.

Chlorinating method. One of the methods of
processing ores and concentrates containing lithium
is chlorinating roasting [[45], [47]]. This method was
used to treat concentrates containing lepidolite and

— 101/
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spodumene. The material consisting of lepidolite,
NH4Cl and CaCOs was roasted at 750 - 800°C and
then leached with water [48]. The mineral
decomposes by the reaction:

Li 20-Al203-4Si0 2(me) + 4CaCO 3(me) + 2NH4Cl = 2LiCl (me) +
4CaSiOs3 + Al203+ 4CO2z) +2NH3 +H20  (8)

Evaporation of the solution crystallizes a mixture
of lithium and calcium chlorides, which can be used
for electrolysis or lithium hydroxide production by
causticization. This method has been
commercialized in the USA for the extraction of
lithium from spodumene concentrate.

Chlorination roasting allows to obtain
sufficiently pure lithium chloride directly from ores
without  using  expensive  reagents. The
disadvantages of this method include the difficulty
of capturing lithium chloride and high
aggressiveness of furnace gases.

In recent years, new methods like hydrofluoric
acid method, autoclave method, and microwave
firing have been proposed [[49], [50]]. However,
there are still some disadvantages associated with
these methods, such as the use of highly toxic
reagents and high energy consumption.

Extraction of lithium from hydromineral raw
materials become popular among lithium producers
due to its low production costs.

According to literature data, lithium ions from
hydromineral raw materials can be extracted using
conventional methods such as: evaporation,
precipitation, as well as direct lithium extraction
methods: solvent extraction, electrochemical,
adsorption and membrane methods [[51], [52],
[53]].

The conventional method of extracting lithium
from underground brine is to pump it to the surface
and further place it in huge ponds. Over a long
period (up to a year or more), the water gradually
evaporates, allowing the concentration of lithium to
rise to a level sufficient to allow it to be precipitated
by chemicals. However, this method is only
applicable in sunny, dry regions [54].

As a result of the limitations of conventional
technologies, direct lithium extraction (DLE)
techniques have been developed to address these
shortcomings and provide more efficient,
environmentally friendly and cost-effective recovery
of lithium from resources with relatively low grades
of this metal.

Membranes. The membrane method s
classified based on their driving mechanisms:
electrodialysis, which relies on electrical potential,

and nanofiltration, which operates under pressure.
The main membrane technologies are
nanofiltration, microfiltration and ultrafiltration.
Nanofiltration membranes (NF) are capable of
passing monovalent ions while simultaneously
trapping multivalent ones. This property allows
them to be used to separate lithium from divalent
ions such as Mg?" and Ca? [55]. In recent years, they
have become a key method for lithium extraction,
showing a rapid growth of interest from researchers
and progressing steadily towards full-scale industrial
utilization [56]. This interest is due to the low energy
consumption, excellent cyclic stability, high
separation efficiency, large porosity, permeability,
surface area, and good mechanical stability of
membranes [57]. In addition, they are easily
adaptable to different operating conditions
However, this process has its disadvantages,
especially that membranes clog quickly when
working with saturated solutions.

Solvent extraction. This method, known as
liquid-liquid extraction, uses the difference in
solubility properties of different salts to isolate
lithium. The extraction process usually involves
separating the solution into two separate phases:
aqueous and organic. During this process, the
impurities remain in the aqueous phase, while the
lithium ions pass into the organic phase. Extractants
include neutral organic phosphorous compounds, -
diketones, crown esters, and ionic liquids. One of the
widely used extractants is TBP/FeCl; [58]. This is a
promising method for lithium production, but it has
drawbacks, including the need for an additional
extractant purification step, possible loss of target
material, and risks of environmental contamination
when using organic reagents.

Electrochemical method.  Electrochemical
processes are one of the most studied and effective
methods of lithium extraction, characterized by a
high degree of extraction and ease of operation, as
well as environmental safety [59]. The process is
based on a principle similar to battery reverse
charging technology, where an external electrostatic
field is used to stimulate the movement of ions
between a pair of specially designed electrodes
designed to extract lithium ions [60]. The process is
usually carried out cyclically: firstly, the target ions
are introduced into the working electrode, and then
released back into the solution during the
regeneration stage to repair the electrode. In
electrochemical methods, the performance of
electrode materials plays a key role [61]. Therefore,
it is necessary to optimize electrode materials that

— 102——
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have a high ability to capture and release lithium, as
well as demonstrate stability and corrosion
resistance.

Adsorption. Methods of lithium sorption from
brines can be carried out using both organic and
inorganic sorbents. But organic ionites are selective
not only to lithium, but also to other ions, which can
complicate the separation and purification of
extracted lithium, as well as lead to the formation of
organic waste, which may require special methods
of disposal or treatment, which increases the
environmental burden of the process [62].

For the treatment of low lithium concentrations,
the ion exchange adsorption method can be applied,
where ionic sieves are used as adsorbents [63].
Lithium ion sieves are considered one of the most
promising materials for lithium extraction from low
lithium brines due to their high adsorption capacity
and excellent lithium selectivity. Studies show that
manganese oxide (LMO) and titanium oxide (LTO)
based sorbents as an effective method for lithium
extraction from brines [[64], [65]].

The greatest success has been achieved in
developing ion sieves based on lithium manganese
oxide (LMO). In particular, the lithium ion sieve
material (H:Mn,04), derived from the spinel
structure LiMn,0, after acid treatment, exhibits high
selectivity for Li* ion adsorption in aqueous
solutions. This makes it a promising candidate for
lithium extraction from natural brines. Such
materials possess a high adsorption capacity.

Thus, according to the review, innovative
approaches such as direct lithium extraction
technologies present opportunities to develop a
more sustainable and efficient lithium supply
chain. This highlights the dynamic and ever-
evolving nature of the lithium mining industry as
it adapts to technological advancements and
environmental challenges.

Conclusions

As the literature review has shown, lithium is
currently one of the highly demanded metals of
strategic importance, as well as contributing to
solving environmental problems and improving the
quality and level of our daily lives. Significant lithium
reserves available in Kazakhstan allow to create
production facilities for extraction and processing of
domestic lithium-containing raw materials to
produce valuable lithium products. Existing
processing methods are designed for raw materials
of appropriate composition, so research and
development of technology acceptable for
Kazakhstani lithium raw materials is an urgent task.
The development of efficient and environmentally
friendly lithium extraction technologies will enhance
Kazakhstan's position in the global lithium supply
chain, contributing to economic growth and
technological advancement. Future studies will
focus on optimizing extraction processes,
minimizing environmental impact, and exploring
innovative approaches to utilize Kazakhstan’s
lithium resources effectively.
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TYAIHAEME

JInTuiA Kasipri 3amaHAa 3N1EeKTPOHUKA MEeH 31EKTP KeAiKTepi YWiH MaHbi3abl WuKizaT 6onbin
Tabblnagpl. ByriHri KyHi anMTUiA BGaTapesnapbl OK Ke3 KelreH mobunbai KypblUiFbiHbl enecreTty
MYMKiH emec. JIUTUIAIH nemMaiK dKOHOMUKAZafbl pesi TeK KaHa apTbin Kenedi. InekTphik
KeNikTep meH 6aTapesanapabl ©HAIPY KOMIp KbIWKbIA rasblHbIH, WbIFAapbIHAbLIAPbIH a3aiTyFa
KemeKTecegj. lereHMeH, KbI3MeT eTy Mmep3imi 6iTKeH IMTUI-MOHABIK BaTapeanap aKoxyiere Kayin
TeHaipeai. MaKkanaga nAuMTUAAI eHAipy canacbiHOafbl TEXHONOMMANBLIK a3ipnemenep bGepinreH.
JINTUIALIH, Herisri Ke3gepi NermaTuTTep, KOHTUHEHTTIK XXaHe reoTepmanablk Ty3abl epiTiHainep,
COHJZaW-aK €as, TeHi3 Cybl }KaHe eHepKaCInTiK Ty3abl epiTiHainep 6onbin Tabblnagpl. JIMTUALIH,
Herisri KOMMepLUMANbIK ©HIMi UTUIN KapboHaTtbl (Li2COs) 6onbin Tabblnagpl, 0N HerisiHeH
CnoAyMeH KeHAepi MeH Ty34bl epiTiHAinepai eHAIpyAeH XKaHe eHaeyaeH anbiHagbl. CoHaai-ak,
KOpLUafaH OpTaHbIH, NacTaHybl, KNMMATTbIH, ©3repyi }KaHe 3/NEeKTP KenikTepiHe apHanfaH NUTUN-
MOHAbIK, aKKyMynaTopaapabl eHAipy YWiH naiganaHbliatblH TabuFn pecypcTapablH, CapKbliybl
CUAKTbI MaHbI3abl Macenenepai Wweyae AMTUIRAIH TUIMA] peni TanKbliaHaabl.

TyiiiH ce30ep: NTNIA NepcnekTMBaNapbl, IMTUA MUHEPaNZapbl, CYPaHbIC KaHe NainganaHy, MUTUin
pecypcTapbl, Herisri TexHonoruanap.
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AHHOTAUMA

JINTuiA - BaxkHenwwee Cbipbe A8 NPOU3BOACTBA COBPEMEHHOW 3NEKTPOHMKM U 31eKTpomobunei.
CeroaHA HEBO3MOXXHO NPEACTaBUTb HU OAHO MOBUIbHOE YCTPOMCTBO 6e3 nTUeBbIX BaTapeit.
Ponb nMTUA B MMPOBOI SKOHOMMKE TONBKO BO3pacTaeT. POM3BOACTBO 31eKTpomobunein u
aKKYMy/NIATOPOB CMocobCTBYeT COKpalleHuio BbIBPOCOB yraekucnoro rasa. Tem He MmeHee
OTC/IY}KMBLUME CBOM CPOK NUTUI-MOHHble 6aTapen NpeACcTaBAAIOT ONACHOCTb AR 3KocUcTeMbl. B
CTaTbe MPeACTaB/EHbl TEXHOMOTMYECKUEe pPa3paboTkn B 06s1acTv A06bluM AUTUA. OCHOBHbIMMU
UCTOYHUKAMWU JIMTUA ABAAIOTCA METrMaTUTbl, KOHTUHEHTa/IbHble W reoTepmasibHble Paccosibl, a
TaK»Ke rIMHblI, MOPCKasn BOAA M NPOMbILLIEHHbIe Paccosibl. OCHOBHbIM KOMMEPYECKUM NPOAYKTOM
mTnA aBnaetca KapboHaT autma (Li2COs), KOTOpbIM Mony4aloT B OCHOBHOM Npu Aobbide,
usBneveHUn u nepepaboTke CNOAYMEHOBbIX PyA M pacconos. Takke obcyxaaeTtca adpdeKkTnBHanA
poNb NUTUA B PELUEHUM TaKUX BaKHbIX Mpobaem, Kak 3arpsAsHeHWe OKpyKalolei cpegpl,
M3MeHEHWe KAMMaTa M pacTyliee MUCTOLLEHWE MNPUPOAHbIX PECYypcoB, WCMO/b3yeMblX ANA
NPOW3BOACTBA IMTUIA-UOHHBIX BaTapel Ans anekTpomobunen.

Knrouesbie cnoea: nepcrnekTuBbl UTUA, MUHEPANbl INTUA, CNPOC U UCNO/Ib30BaHWE, pecypcbl
JINTUA, KNKOYEeBble TEXHOJIOTUN.
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