
LITHIUM BATTERY CATHODE
MATERIALS

Which cathode materials are used in lithium ion batteries?

Lithium layered cathode materials,such as LCO,LMO,LFP,NCA,and NMC,find application in Li-ion batteries.

Among these,LCO,LMO,and LFP are the most widely employed cathode materials,along with various other

lithium-layered metal oxides (Heidari and Mahdavi,2019,Zhang et al.,2014).

Why are cathodes important in lithium ion batteries?

The elemental composition of cathodes is critical to the overall performanceof lithium-ion batteries (LIBs). The

history of cathode development shows that advances in performance have been fueled by the experimental

discovery of new materials or material systems. 157 There are many possible selection criteria for cathode

materials.

Are layered oxide cathodes a good choice for lithium-ion batteries?

Owing to their successful history as cathodes,layered oxide materials remain the current cathode of choicefor

lithium-ion batteries,especially for automotive applications,with some low-cobalt and high-nickel compositions

already primed for commercialization.

Can layered lithium nickel-rich oxides be used as cathodes for rechargeable lithium batteries?

Layered lithium nickel-rich oxides are attractiveas cathodes for rechargeable lithium batteries. A

concentration-gradient material based on manganese nickel cobalt oxide showing high capacity and thermal

stability could prove advantageous for batteries used in plug-in hybrid electric vehicles.

Are lithium-ion batteries better than cathode batteries?

In the last two decades, lithium-ion batteries have been the most robust technology, supplying high energy

and power density. Improving cathode materials is one of the ways to satisfy the need for even better

batteries.

What are the different types of cathode materials for LIBS?

Herein, we summarized recent literatures on the properties and limitations of various types of cathode

materials for LIBs, such as Layered transition metal oxides, spinel oxides, polyanion compounds,

conversion-type cathode and organic cathodes materials.
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To reach the modern demand of high efficiency

energy sources for electric vehicles and electronic

devices, it is become desirable and challenging to

develop advance lithium ion batteries (LIBs) with

high energy capacity, power density, and structural

stability.Among various parts of LIBs, cathode

material is heaviest component which account

almost 41% of whole cell ???

(The metal-lithium battery uses lithium as anode;

Li-ion uses graphite as anode and active materials

in the cathode.) Lithium is the lightest of all metals,

has the greatest electrochemical potential and

provides the largest specific energy per weight. 

Types of Lithium-ion Batteries. Lithium-ion uses a

cathode (positive electrode), an anode 

The development of iron-based cathode materials

marks a pivotal advancement in lithium-ion battery

technology, offering a greener and more

cost-effective alternative to traditional cobalt and

nickel-based cathodes. Iron???abundant and

inexpensive???can significantly reduce production

costs and environmental impact.
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At present the most successful rechargeable battery

is the Li-ion battery, due to the small size, high

energy density, and low reduction potential of Li.

Computational materials science has become an

increasingly important tool to study these batteries,

and in particular cathode properties. In silico studies

of cathode materials have proven to be a valuable

tool to ???

Modern studies of lithium-ion battery (LIB) cathode

materials employ a large range of experimental and

theoretical techniques to understand the changes in

bulk and local chemical and electronic structures

during electrochemical cycling (charge and

discharge). Despite its being rich in useful chemical

information, few studies to date have used 17O

NMR spectroscopy. ???

Cathode active materials (CAM) are typically

composed of metal oxides. The most common

cathode materials used in lithium-ion batteries

include lithium cobalt oxide (LiCoO2), lithium

manganese oxide (LiMn2O4), lithium iron

phosphate (LiFePO4 or LFP), and lithium nickel

manganese cobalt oxide (LiNiMnCoO2 or NMC).
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The numerous types of rechargeable secondary

batteries have drawn significant attention, such as

lithium-ion batteries (LIBs), aluminum-ion batteries

(AIBs), magnesium-ion batteries (MIBs), sodium-ion

batteries (SIBs), etc. LIBs have a better choice of

power source in portable electronic devices due to

their cyclic durability, high charge 

The first rechargeable lithium battery was designed

by Whittingham (Exxon) and consisted of a

lithium-metal anode, a titanium disulphide (TiS 2)

cathode (used to store Li-ions), and an electrolyte

composed of a lithium salt dissolved in an organic

solvent. 55 Studies of the Li-ion storage mechanism

(intercalation) revealed the process was 

The composites as cathode materials for lithium-ion

batteries exhibited improved electrochemical

performance compared to electrode materials free

of CNTs. The cycling performance of the V 2 O 5

/CNTs composites at a current density of 100 mA g

???1 between 2???4 V is shown in Figure 7a.
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The layered structure is the earliest form of

intercalation compounds for the cathode materials in

Li-ion batteries.  Oxygen is also a Type B cathode in

lithium air batteries, but poses fundamentally

different technological hurdles because it is a gas.

Attempts to use ambient air further complicate the

issue at a systems level.

A lithium-ion or Li-ion battery is a type of

rechargeable battery that uses the reversible

intercalation of Li + ions into electronically

conducting solids to store energy. In comparison

with other commercial rechargeable batteries, Li-ion

batteries are characterized by higher specific

energy, higher energy density, higher energy

efficiency, a longer cycle life, and a longer ???
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The research of organic cathode materials ushered

in a real revival since 2008 when Tarascon and

coworkers reported dilithium rhodizonate (Li 2 C 6 O

6) (Figure 1d) as an organic carbonyl cathode

material and depicted a bright future of the organic

electrode materials. 2, 62 The biomass-produced Li

2 C 6 O 6 proved the sustainability and 

Lithium-sulfur batteries (LSBs) are considered to be

one of the most promising candidates for becoming

the post-lithium-ion battery technology, which would

require a high level of energy density across a

variety of applications. An increasing amount of

research has been conducted on LSBs over the

past decade to develop fundamental understanding,

modelling, ???

Machine intelligence's ability to approximate

correlation on high-dimensional parameter spaces

can provide physical insight that accelerates

materials discovery [1], [2], [3], [4].Today,

Lithium-ion batteries (LiB) is one of the most

important technology that has revolutionized

portable electronic and electric vehicle industries.
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The most frequently examined system of cathode

materials consists of layered oxides with the

chemical formula LiMO 2 (M = Co and/or Ni and/or

Mn and/or Al). The system's boundary phases, the

important binary compounds, and the best-known

ternary phase Li 1???x (Ni 0.33 Mn 0.33 Co 0.33)O

2 (NCM) will be outlined.. Lithium cobalt oxide (Li

1???x CoO 2, LCO) ???

We find that in a lithium nickel cobalt manganese

oxide dominated battery scenario, demand is

estimated to increase by factors of 18???20 for

lithium, 17???19 for cobalt, 28???31 for nickel, and 

High-nickel layered oxide cathode materials will be

at the forefront to enable longer driving-range

electric vehicles at more affordable costs with

lithium-based batteries. A continued push to 
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Nickel-rich layered lithium transition-metal oxides,

LiNi 1???x M x O 2 (M = transition metal), have

been under intense investigation as high-energy

cathode materials for rechargeable lithium 

This Review presents various high-energy cathode

materials which can be used to build

next-generation lithium-ion batteries. It includes

nickel and lithium-rich layered oxide materials, high

???

? ConspectusDeveloping high energy density,

low-cost, and safe batteries remains a constant

challenge that not only drives technological

innovation but also holds the potential to ???
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1.2 Spinel Oxides. An abundant resource, low

toxicity levels, environmental geniality are the

rewards of LiMn 2 O 4 compared to LiCoO 2 and

LiNiO 2 [].Thackeray et al. initially projected the

spinel cathode LiMn 2 O 4 and improved by several

authors [33, 34].LiMn 2 O 4 is an admired cathode

material owing to its benefit of low price, high

voltage, and a ???

Figure 3 shows the first few charges and discharges

between 2.0 and 4.4 V (current density of 0.4 mA

cm ???2) for the LiAl 0.25 Co 0.75 O 2 /Li cell. The

initial charge and discharge capacity were 

In the research of lithium-ion battery cathode

materials, another cathode material that has

received wide attention from both academia and

industry is the spinel LiMn 2 O 4 cathode material

proposed by Thackeray et al. in 1983. LiMn 2 O 4

has three-dimensional Li transport characteristics. It

shows the advantages of low price, high cycling and
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Aiming to find new cathode materials that intercalate

Li-ions at higher potentials,  Manthiram, A. A

reflection on lithium-ion battery cathode chemistry.

Nat. Commun. 11, 1550 (2020).

The layered oxide cathode materials for lithium-ion

batteries (LIBs) are essential to realize their high

energy density and competitive position in the

energy storage market. However, further

advancements of current cathode materials are

always suffering from the burdened cost and

sustainability due to the use of cobalt or nickel

elements 

3 Challenges and trend in cathode materials for

Li-ion batteries The development of the cathode

materials for Li-ion batteries remains challenging

because the existing materials such as layered

transition metals oxides, olivines, or spinel all show

upsides and downsides.
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Liu, H., Yang, Y. & Zhang, J. Investigation and

improvement on the storage property of LiNi 0.8 Co

0.2 O 2 as a cathode material for lithium ion

batteries. J. Power Sources 162, 644???650 (2006).

Positive electrode (cathode) materials within such

batteries are rich in critical metals???particularly

lithium, cobalt, and nickel. The large-scale mining of

such metals, to meet increasing battery demands,

poses concerns surrounding material exhaustion in

addition to further environmental, social, and

governance (ESG) issues.

Amongst a number of different cathode materials,

the layered nickel-rich LiNiyCoxMn1???y???xO2

and the integrated lithium-rich xLi2MnO3?(1 ???

x)Li[NiaCobMnc]O2 (a + b + c = 1) have received

considerable attention over the last decade due to

their high capacities of ~195 and ~250 mAh?g???1,

respectively. Both materials are believed to play a

vital role in the ???
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