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Abstract. The article discusses the prospects for developing lithium-ion batteries, emphasizing lithium-enriched transition
metal oxides used as cathode materials for lithium-ion batteries (LIB). The primary focus is on materials with the formula
xLi2MnOs-(1—x)LiMO: (where M=Mn, Ni, and Co) that exhibit high discharge capacity (over 250 mAh/g) and specific energy
(over 950 Wh/kg), surpassing traditional cathode materials such as LiCoO:, LiMn204, and LiFePOs. These oxides combine the
monoclinic phase of Li2MnOs and the trigonal phase of LiMO., which ensures their high performance. However, the authors
note several problems, including low speed characteristics, irreversible capacity of the first cycle, and degradation of voltage
and capacity during cycling. These problems are linked to the creation of spinel-like structures, unwanted reactions at the sur-
face with the electrolyte, and the release of oxygen. The authors propose modification methods like protective coatings, alloy-
ing, and the creation of composite structures to enhance the characteristics. The article also includes an overview of other
common cathode materials such as LiCoO2, LiMn2O4, LiNiO: and their combinations, highlighting their advantages and limita-
tions. Special attention is paid to promising materials, including LiNii/3Co1/sMni/302 and LiFePOs, which have balanced elec-
trochemical and economic properties. It was also emphasised that further research is needed to understand the degradation
mechanisms and optimise the structure of lithium-enriched oxides. Resolving these issues can help create better and more
reliable cathode materials for LIB, which is crucial for advancing electric vehicles and other energy-intensive technologies.
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1. Introduction

The history of lithium-ion batteries (LIB) originates in
the discoveries of Alessandro Volta and Luigi Galvani in
electrochemistry in the early 19th century, which initiated
the research of chemical current sources. A significant
contribution was made by Michael Faraday, who developed
the laws of electrolysis and introduced the term “ion”.

Early rechargeable batteries such as lead-acid, nickel-
cadmium, and nickel-iron served as the basis for further
development. LIB's commercial breakthrough came in
1990, when Sony introduced batteries with graphite anodes
and cathodes from LiCoO:, contributing to the development
of electric mobility. Despite the achievements, LIB re-
search continues to improve the materials for the cathode,
anode, electrolyte, and other components to increase
productivity and reduce cost, as evidenced by the large
number of publications and conferences on this topic.

Special attention is paid to cathode materials, where it is
necessary to increase the specific capacitance, expand the
cycling voltages and ensure stability during long-term cycling.
It is essential to find cheaper and environmentally friendly
alternatives to the toxic and expensive LiCoO,, which is wide-
ly used in industry. LiMn2Os spinel is considered a promising
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cathode material due to its low cost, low toxicity and high
thermal stability, especially in the charged state. However, the
known disadvantages of LiMn:Oa4, such as unsatisfactory cy-
clability and poor reproducibility, require further research and
optimisation, including cationic and anionic doping, changes
in stoichiometry, and surface modification.

2. Materials and methods

2.1. Overview of widely used oxide cathode materials of
lithium—ion batteries

During the development of cathode materials for lithium-
ion batteries (LIB), lithium cobaltate LiCoO: turned out to be
the most effective, which is still widely used in the industrial
production of LIB [1]. This compound has a layered structure
similar to a-NaFeO: or the structure of rock salt. The crystal
structure of LiCoO: consists of densely packed layers of
cobalt (Co*") and lithium (Li") ions alternating along the
(111) plane. Since such an ordering (111) violates the hexag-
onal symmetry of the lattice, LiCoO: crystallises in the space
group R3m with unit cell parameters a=2.816A and
c=14.08 A. Figure 1 shows a schematic representation of
the crystal structure of LiCoO., illustrating the layered ar-
rangement of lithium, cobalt, and oxygen atoms.
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Figure 1. Schematic representation of the LiCoO: structure [2]

The theoretical capacity of lithium cobaltate (LiCoO2)
during electrochemical cycling is 274 mAh/g in the voltage
range of 2.5-4.3 V. However, a significant disadvantage of
this material is that its practical capacity is theoretically lim-
ited since the structure of Lil-xCoO, is not stable when
lithium is deintercalated to x > 0.5. This limitation and the
high cost of cobalt served as an incentive to search for alter-
native cathode materials for lithium-ion batteries with higher
electrochemical capacity, energy and better resistance to
cycling [2]. Lithium-manganese spinel LiMn20O4 has become
one of the successful materials developed. The Li-Mn-O
system is more complex than the Co-O system and includes
more than ten stable compounds with different structures and
degrees of manganese oxidation. Figure 2 shows the iso-
thermal cross-section of the Li-Mn—O phase diagram and an
enlarged fragment indicating stoichiometric compositions
with rock salt, spinel, and defective spinel structures.

(b)

Figure 2. Isothermal cross-section of the Li-Mn—O phase dia-
gram: (a) — general view of the isothermal section showing phase
regions of Li-Mn—O compounds; (b) — enlarged fragment illus-
trating the location of stoichiometric compositions with rock salt,
spinel, and defective spinel structures [3]

The Li-Mn-O system is a complex phase diagram with
various stoichiometric and defective spinel structures. The
Mn;Oa4-LiaMnsO12-A-MnO: triangle characterises these spinel
compositions (Figure 2). The general formula Laxmans—xO4
(0 < x < 1.33) describes stoichiometric spinel structures lo-
cated between Mn3O4 (x = 0) and LisMnsO2 (x = 1.33).
Manganese oxides with the Mns—xO4 (0 < x < 1) defective
spinel structure are located between MnsOs and y-MnOs...
The lithiated manganese oxides with the defective spinel
structure Li2O-yMnO: (y > 2.5) are located on the line be-
tween LisMnsO12 and A-MnO2, which determines the constant
valence of the Mn*" ion. Phases with the structure of rock salt
LizMns—z0; (0 < z < 2) are located on the line between MnO
(z =0) and LizMnOs (z = 2). The LiMn20s compound initial-
ly attracted attention as a cathode material for lithium-ion
batteries (LIB), being cheaper and less toxic compared to
LiCoO: [4].

The crystal structure of LiMn2O. spinel is a tightly
packed cubic anionic lattice, where cations occupy octahe-
dral and tetrahedral positions (Figure 3).
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Figure 3. Schematic representation of the spinel structure of
type A[B2]04 [5]

There are two limiting cation placement options: In nor-
mal spinels, A cations are in tetrahedral positions (8a), and B
cations are in octahedral positions (16d). Half of the A and B
cations in reversed spinels occupy octahedral positions,
while the remaining B cations occupy tetrahedral positions.
A continuous series of intermediate structures is possible
between these variants, allowing cations with different va-
lences to be in various positions. However, one of the disad-
vantages of LiMn.Osx is the potential structural rearrangement
of spinel into a layered rhombohedral LiMnO: structure.

One of the disadvantages of LiMn20s as a cathode mate-
rial for lithium-ion batteries is its relatively low theoretical
discharge capacity of 148 mAh/g. At the same time, in
practice, this compound can only provide 100-140 mAh/g.
On the other hand, lithium nickelate (LiNiO2) was consid-
ered a promising cathode material capable of producing
about 200 mAh/g. However, its production is fraught with
several problems [6].

The LiNiO: structure, similar to LiCoO:, has a specific
setup known as the R3m space group, where lithium and
nickel ions are found in octahedral positions 3(a) and 3(b)
within a tightly packed cubic arrangement of oxygen. How-
ever, there is a fundamental difference between these com-
pounds. The Jahn-Teller effect causes the NiOs octahedra to
change shape in the nickelate structure because of the Ni**
ions. Also, getting a consistent and correct LiNiO2 compo-
sition is difficult because trivalent nickel becomes unstable
at high temperatures during the synthesis [7]. Divalent
nickel ions take up some of the spots where lithium would
generally be in the oxide structure, so the nickelate formula
is better expressed as [Li;.Ni,>"]3a[Ni;..>"Ni?"] 3b[O2] 6e.
So, for LixNiO:, the structure changes from rhombohedral
to monoclinic when the value of x is between 0.4 and 0.75
because of Jahn-Teller distortions and some nickel ions
moving to where lithium ions are; at the same time, the
rhombohedral structure is present when x is between 0.75
and 1. Also, lithium nickelate breaks down quickly because
of reactions with the electrolyte and isn't stable enough
when heated, which has restricted its use as a cathode mate-
rial in industry [8].

Nickel-based compounds show high discharge capacity,
like LiMO2-type layered structures with M being Ni, Co, and
Mn. Consequently, numerous studies are devoted to creating
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cathode materials containing nickel-doped cobalt, manga-
nese, and other metals, which can be easily synthesised and
have favourable electrochemical characteristics [9].

The presence of manganese, cobalt, and nickel enhances
the thermal stability and structural stabilisation of cathode
materials. Based on the study of individual oxides LiCoOs,
LiNiO., and LiMnOs, researchers have developed mixed sys-
tems combining oxides of cobalt, nickel, and manganese [10].

Since LiCoO, and LiNiO; structures belong to the same
spatial group, oxides in the Li-Co-Ni-O system can form
almost ideal solid solutions [11]. The LiNiyCo;—O, solid
solution was proposed and patented in 1989 as a cathode
material. Many compounds containing cobalt and nickel have
been studied, including LiNiyCo;yO, (0<y<1). These
metals can synthesize solid solutions in a wide temperature
range (500-1000°C). Solid solutions in this system can exist
as a layered or spinel structure, depending on the synthesis
conditions.

The structure of solid solutions based on LiNiO: and
LiCoO: is more resistant to lithium deintercalation up to
x = 0.3 (Os type structure), allowing higher capacitance char-
acteristics [12]. However, LixNiyCo;—yO, compounds are
also characterised by a lower degree of cationic mixing than
LiNiO,, with an increase in nickel concentration in LixNi-
yCo—yO; oxides, the degree of cationic mixing increases,
which is associated with the appearance of divalent nickel.
Nevertheless, an increase in the nickel content leads to a rise
in the specific capacity of solid solutions in the Li—-Co—Ni—O
system. LiNiyCo;—yO, compositions with y = 0.7-0.8 are the
most effective [13].

Many scientists have studied the various compositions in
this system using multiple synthesis methods, such as solid-
phase, coprecipitation, variations of the sol-gel process, and
others. According to the data analysis, the conditions and
method of synthesis significantly impact the size of the
formed particles, morphology, texture, density, and final
electrochemical properties of the compounds. In addition,
studies have been conducted on compounds in the Li-Ni-Co-
O system doped with other elements [14].

Some researchers believe that the compound
LiNi;3Co13Mn; 30, with an exact ratio of components is the
most balanced solid solution composition in the LiCoNiMnO
system since it has an optimal combination of capacity, pow-
er, lifetime, thermal stability, safety and cost [15]. Numerous
works devoted to studying this compound continue to arouse
scientific interest. Figure 4 shows the model of the crystal-
line structure of the LiNii/3Co1/3Mni/30: layered oxide, illus-
trating the arrangement of transition metal ions and lithium
within the layered framework.
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Figure 4. Model of the crystalline structure of the
LiNi1/3Co:/3sMn./50: oxide [16]

In addition to the above-mentioned compound
LiNii/3C01/3Mn/30,, there are other compounds in the triad
of transition metals nickel, cobalt and manganese that are of
industrial interest for use as cathode materials for lithium-ion
batteries [17]. The phase diagram of the LiCoO: - LiNiO: -
LiMnO: system (Figure 5) shows the compositions used in
the industrial production of cathodes for lithium-ion batter-
ies. These compositions are characterised by an optimal
combination of electrochemical, structural, and economic
parameters, which makes them promising for commercial use
as cathode materials.
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Figure 5. Phase diagram in the triple CO, LMO, LMO system
(dots indicate compositions used on an industrial scale [18])

Unlike manganese- and nickel-based cathode materials,
lithium iron phosphate (LiFePOs) electrodes with a triphylite
structure are characterised by increased structural and ther-
mal stability during lithium ion extraction.

The crystal structure of LiFePOas belongs to the ortho-
rhombic spatial group Pnma with unit cell parameters
a=1.033 nm, b=0.601 nm, and ¢=0.4693 nm. Figure 6
schematically shows the ideal and real crystal structures of
LiFePO..

Figure 6. Schematic representation of ideal (a) and real (b)
LiFePOs structures [17]

The LiFePOs. framework structures consist of FeOs octa-
hedra and POs tetrahedra touching oxygen vertices in the b-c
planes and common edges. The PO tetrahedra are not inter-
connected. Along the ¢ axis, lithium atoms are located in
interstices, forming chains moving along the a-c planes. In
the a-c planes, iron atoms form zigzag chains at the vertices
of octahedra oriented parallel to the c axis. The iron atoms
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occupy the M2 positions, and the lithium atoms occupy the
M1 positions. The oxygen structure is a slightly distorted,
tightly packed hexagonal structure. Due to the strong cova-
lent P-O bonds forming a three-dimensional delocalised
chemical bond system, LiFePOs retains thermodynamic
stability even at temperatures up to 200°C.

Significant efforts by researchers are aimed at improving
the electrochemical characteristics of existing cathode mate-
rials for lithium-ion batteries. Because the breakdown of
cathode materials with reactive nickel starts on their surfaces,
creating protective coatings is a key research focus. To en-
hance how well cathode materials work, researchers com-
monly use methods like applying coatings, making compo-
sites, adding different elements, creating core-shell struc-
tures, and other ways to modify them.

Covering the surface of cathode materials makes them
more stable and enhances their electrical features, like capac-
itance, how long they last, and speed. Composite materials
made of a cathode compound and conductive additives help
boost electronic conductivity and enhance electrochemical
features. Doping cathode materials with various elements can
modify their structure and redox properties and, as a result,
lead to a change in electrochemical behaviour. Core-shell
structures are also a promising approach for increasing the
stability and improving the characteristics of cathode materi-
als [19, 20].

3. Results and discussion

3.1. Lithium-enriched transition metal oxides with the gen-
eral formula xLi2MnQOs (1-x) LiMO:, (M = Mn, Ni, Co)

A promising direction in the field of cathode materials for
lithium-ion batteries is complex lithium oxides of nickel,
cobalt and manganese with an excess of lithium compared to
the stoichiometry of LiMO., called “Li-rich” in English liter-
ature. These materials were first proposed by a group of
researchers led by Michael Thackeray from Argonne Nation-
al Laboratory [21]. Their structure typically includes two
compounds: lithium manganate (LioMnOs), which has a
monoclinic shape, and lithium oxide (LiMO-), which has a
trigonal shape. The formula of these materials can be repre-
sented as xLixMnOj;-(1-x)LiMO,, where M=MnNi,Co,,
x+y+z=1, or formally as Li(1+yyM'(1-y)O: or Li[Li;M'(_y)]O: in
excess of lithium.

The main benefits of Li-rich oxides are their ability to
store much energy (over 250 mAh/g) compared to other
known materials like LiCoO:2 (140 mAh/g), LiMn2Os (120-
140 mAh/g), LiNixCoyMnzO: (160 mAh/g), and LiFePO.
(160-170 mAh/g), as well as their high energy output (more
than 950 Wh/kg) at an average voltage of 3.5-3.6 V. Addi-
tional advantages are their relatively low cost and toxicity
due to the reduced content of cobalt and manganese [21].

The Li-rich oxides of the Li2MnOs fraction (monoclinic,
pr. C2/m) and LiMO: (trigonal, pr. R3m) have densely
packed face-centred cubic layers with an interlayer distance
of about 4.7 A between the planes (001) in the monoclinic
structure of Li2MnOs and (003) in the trigonal structure of
LiMO:, which contributes to their interaction.

According to some researchers, the Li2MnOs compound
is electrochemically inactive when cycled to a voltage of 4.4
V, which stabilises the structure of the entire material. When
cycling to a higher voltage (4.6-4.8 V), a significant increase
in the specific capacity of materials is associated with the
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activation of the monoclinic structure by removing lithium
and oxygen, as well as the participation of the oxygen anion
(02 O2n) in the redox process. Deeper oxidation and reduc-
tion of transition metal cations are also possible. The litera-
ture offers various explanations for the abnormally high
capacity and the observed decrease in capacity during cy-
cling of Li-rich oxides. Figure 7 presents a schematic com-
parison of the crystal structures of the monoclinic Li2MnOs
phase and the trigonal LiMO- phase, highlighting their struc-
tural differences and layered arrangements.

Li,MnO, LiMO, (M = Mn, Ni, Co) The characteristic LiMng
(Mn") (MJ» or ML-/MZb) unit of Li;MnO,
‘ —
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Figure 7. Schematic representation of the structures of the
monoclinic phase (Li2MnQO;) and the trigonal phase (LiMO:) [22]

The key problems associated with using lithium-enriched
oxide cathode materials are the reduction of voltage and
capacity during cycling, high irreversible capacity on the first
cycle, and limited speed characteristics. Despite significant
research efforts, no materials that are free of these shortcom-
ings have been found. The reasons for this behaviour of these
complex systems have not been definitively established [23].
The formation of spinel-like domains inside the layered
phase and side reactions of the surface with the electrolyte
and its decomposition products are considered to be one of
the factors causing a drop in capacity during cycling. In this
case, releasing Li2O with the formation of oxygen, lithium
hydroxide, and carbonate plays a crucial role [24].

As mentioned before, when lithium-enriched oxides are
used at high voltage, they change their structure, but we don't
fully understand how this happens. The literature emphasises
the importance of the initial structure of these materials, but
the relationship between the microstructure and its electro-
chemical properties is currently not completely clear [25]. It
also remains unclear whether the lithium-enriched structures
are a composite or a solid solution at the nanodomain level.
Recent studies using high-resolution transmission electron
microscopy and characteristic electron energy loss spectros-
copy confirm the existence of a nanodomain structure [26].
The conditions and methods of material synthesis, as well as
their composition, are undoubtedly crucial in this matter.

4. Conclusions

In conclusion, it should be noted that the further devel-
opment of lithium-ion batteries requires close attention to the
materials of the positive electrode, particularly to promising
lithium-enriched oxides as potential cathode materials. How-
ever, the existing disadvantages of these materials, such as
limited energy consumption, degradation during cycling, and
the complexity of analysing their structures, make their in-
dustrial application difficult.

The inconsistency of the data presented in the literature
highlights the need for further fundamental research to un-
derstand better the influence of various factors on the func-
tional characteristics and performance of lithium-enriched
oxides. Identifying ways to improve their performance while
reducing degradation during cycling is also necessary. Solv-
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ing these problems is an essential prerequisite for the possi-
ble industrial introduction of lithium-enriched oxide materi-
als as high-energy cathodes for lithium-ion batteries.
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JIMTUI-HOH/IbI AKKYMYJIATOPJIAPFA APHAJIFAH OKCHATI 3JIEKTPO/I
MaTepUaJIapbIHA HIOJY

ML.III. Trocembaes', C.B. FOmycor®, A.T. Xa6ues”', C. Tunubar’
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*Koppecnondenyus ywin asmop: alibekl324@mail.ru

AnjgaTrna. Makanajga JIUTHH-UOHIBI akkymyusTtopiapiasiH (JIMA) ngamy mnepcnexkTuBaigapbl KapacThIpPbUIANbl, aTar
aiiTKaH/na, KaTOATHl MarepHajjap peTiHIe KOJJIAHbUIATBIH JIMTHHre Oall aybicnaibl MeTalsl OKCHITEepiHe Oaca Hazap
aynapbutaznel. Herisri Hazap xLizMnOs-(1—x)LiMO: (myanarst M = Mn, Ni, Co) ¢dopmynansl MaTepuangapra ayIapbUiFaH,
oJlap KOFapbl Pa3psAATHIK CHIMBIMIBUIBIKIIEH (250 MA-caf/T-7aH actam) >koHe MeHIIKTI sHeprusmeH (950 Br-car/kr-nan
JKOFapbl) epekieneHeni, Oy osapabl ocTypiai karoarel Marepuampap — LiCoO», LiMn:0Os4 xone LiFePOs-nen
canbICThIpFania tuimMaipek ereni. by okcunrep LiMnOs-tiH MoHOKIMHAIK (azacsl MeH LiMO-q-HiH TpUroHanbas! a3acklH
OipikTipim, >KOFapbl OHIMALIIKKE KON KeTKizemi. Auaiiia, aBTopiap Oipkarap Macejejepre Hasap ayjapajabl: TeMeH
KBUIIAMIBIK CHIIATTaMaJapbl, ajIFalKbl IUKIAAFBl KAUTBIMCBI3 CHIMBIMIIBUIBIK JKOHE IUKIIK )KYMbIC OapbIChIH/IAa KepHEY MEH
CBHIMBIMIIBUTBIKTEIH TOMEH/EYl. byJl KeMIIuTikTep MIMUHENb Topi3Al KYphUIBIMIApAbIH TY3UIyiMEH, 3JICKTPOJIMTIICH IIeKapaa
JKaHaMa peakIMsUIapMEH >KOHE OTTEKTiH OeniHyiMeH OalimaHbIcTRL. MyHpmall KeMINITKTepAi O YIIiH KOPFaHBIC
XKaObIHAAPBIH KOJNIaHy, JIETHPJIEY JKOHE KOMIIO3UTTIK KYPBUIBIMIAp Kacay CHUSAKTHI MOAW(HKAIMIIAY 9IiCTepl YCHIHBLIAIBL.
Maxkanaga coHgaii-ak KeHIHEH KOJIaHbUIaThIH 0acka karoarsl Marepuaimapra — LiCoO2, LiMn20a, LiNiO: xoHe oapsiH
KOMOMHAIMsUTApbIHA IOy  JKacalibill, ONapJAblH  apTHIKWIBUIBIKTAPBl ~MEH IIeKTeylepi TangaHaapl. Ocipece,
LiNi1/3Co1/3Mn1/30: xoHe LiFePOs cusKTBI mepClieKTHBAIbI MaTepuaigapra epekine KeHU1 OesiHreH, cedebi omap
JNIEKTPOXUMHUSUIBIK JKOHE HDKOHOMHKAJIBIK TYPFBIAAH OHTalnbl Kacuerrepre ue. CoHpaii-ak nuTuiire 0aldl OKCHATEPIIH
KYPBUIBIMBIH OHTAMIaHBIPY JKOHE JIeTpafaliisi MeXaHU3M/IepiH TepEeHIpeK TYCIiHy YIUiH KOCBhIMIIA 3epTTeyJIepAiH KaKeTTiirl
aran etinre. by mocenenepni wenry JIMA yuriH sxorapsl THIMII 9pi TYPaKThl KATOATH MaTepHajiapAbl 93ipieyre MyMKIHIIK
Oepirt, 2IeKTPOMOOMIIBAIIK ITeH 6acKa J1a SHEPTHSHBI KOIT KaKeT €TETiH TEXHOJIOTHSIIapIbIH IaMyblHa BIKITAN €Tyl MYMKIiH.

Hezizei co30ep: numuti-uoHObl aKKyMyIsmopaap, Kamoomvl Mamepuaioap, aumuiimer oavvimelizan okcuomep, Lerich
okcuomepi.

0030p M0 OKCHIHBIM 3JIEKTPOAHBIM MATEPUAJIAM ISl JIUTHH-MOHHBIX
AKKYMYJISITOPOB

MLIII. Trocembaes', C.B. FOmycos®, A.T. Xa6ues”', C. Tunubar’
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*Aemop ons koppecnonoenyuu: alibekl324@mail.ru

AHHoTanus. B cTathe paccMaTpUBAIOTCS NMEPCICKTHBBI Pa3BUTHS JIUTHH-UOHHBIX aKKYMYJISITOPOB C aKIICHTOM Ha JIUTHH-
oboraiéHHble OKCHJIbI MIEPEXOAHBIX METAJIOB, HCIIOIb3yEMbIX B KAUECTBE KAaTOJHBIX MATEPHAJIOB JJIS JIUTHH-UOHHBIX aKKy-
myisitopoB (JIMA). OcHoBHOe BHUMaHKE yaenseTcs MaTepuanaM ¢ popmynort xLi,MnOs-(1-x)LiMO; (tme M=Mn, Ni, Co),
KOTOpBIE JIEMOHCTPUPYIOT BBICOKYIO paspsaHyr éMKOCTh (Oonee 250 MA-4/T) u yaenbpHYyIo 3Hepruto (cBoime 950 Bt u/kr),
MPEBOCXOIS TPATUIIMOHHEBIC KaTOAHbIe MaTepuaibl, Takue kak LiCoO,, LiMn,O4 u LiFePO4. OTH OKCHABI codeTaroT B cebe
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MOHOKJIMHHYIO (a3zy LixMnO; u tpuronansuyto ¢aszy LiMO,, urto obecrieunBaeT UX BBICOKYIO MPOHM3BOAUTEIBHOCTh. THAKO
ABTOPBI OTMEUAIOT PsiJ MPOOJIEM, BKIIOYAs HU3KHE CKOPOCTHBIE XapaKTEePHUCTHKH, HEOOPATUMYIO EMKOCTh IEPBOr0 LUKIIA U
JETPaIaliiio HANPSOHKEHUsI U EMKOCTH TPH LMKIMPOBAHUU. DTH HEJOCTATKU CBSI3aHBI ¢ 00pa30BaHUEM ILITIHMHENEION00HBIX
CTPYKTYD, TOOOYHBIMU PEaKLMIMU Ha TPAHUIIE C JIEKTPOJIMTOM M BBICIEHHEM Kuciiopoaa. it yiaydIieHus XapaKTepHCTHK
MIPeAJIararoTCsl METObI MOAN(HUKALINH, TAKHE KaK 3aIUTHBIC TIOKPBITHS, JETHPOBAHNE M CO3/1aHHE KOMIIO3UTHBIX CTPYKTYp. B
CTaThsl TAKXKE BKIIFOUEH 0030p JPYIHX pacrpoCTpaHEHHBIX KaTOIHBIX Marepuaos, Takux kak LiCoO,, LiMn,O4, LiNiO> u ux
KOMOHMHAINH, MTOJUEPKNBAs NX MPEUMyIIecTBa U orpaHndeHus. Ocoboe BHUMaHUE yJeIsieTCs MepCIeKTUBHBIM MaTepHajaM,
Britodas LiNil/3Co1/3Mn1/30; u LiFePOs, xoTopsie 06nanaroT cOanaHCHPOBaHHBIMU IEKTPOXUMUYECKUMH B 3KOHOMHYE-
CKUMH cBoWcTBaMH. Takxe ObUIO MOAYEPKHYTa HEOOXOIMMOCThH NalbHEHIINX MCCIECIOBAHHUN ISl MOHMMAHHS MEXaHH3MOB
JeTpajlalliy U ONTHMU3AIMU CTPYKTYPBI JINTHH-000TamEHHBIX OKCHIOB. PemeHne 3Tux 3a7ad MOXKeT criocoOCTBOBATh paspa-
00TKe BBICOKOA((EKTHBHBIX U CTAOMIBHBIX KAaTOIHBIX MaTepuanoB ais JIMA, 9To BaKHO I pa3BUTHS HIIEKTPOMOOMIFHOCTH
U JPYTHUX S3HEPTOEMKHUX TEXHOJOTUH.
Kouesvie cnosa: numuii-uontvie akkymyisimopsbl, KamooHvle Mamepuaivl, 0602aujeHHvle Jumuem okcuowl, Lerich okcuoul.
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