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their specific energy limitsyet are challenged by the ever-increasing ¢
power applications,especially for electric vehicles.

Which polymers should be studied for a high-energy lithium battery?

this Per spective will draw attention to the fact more rapidly im plemented. ' m

Can a high-energy Li metal battery be scalable?

A future high-energy Li metal battery must be scalableand compatible f or cell manufacturing. ability. We
hope that this Per spective will draw attention to the fact more rapidly im plemented. the upper limit of the
achievable specic energy of Li||high-Ni NMC pouch cells. total cell weight (in kg).

What are lithium ion batteries?

Lithium (Li)-ion batteries play a critical role in modern day technologies, but their specific energy (Wh kg-1)
and energy density (Wh L-1) are approaching the maximum practically achievable values based on existing
manufacturing processes with the conventional cathode and anode materials.

Is Li metal a good battery material?

Li metal is considered an ultimate anode materialfor future high-energy rechargeable batteries when
combined with existing or emerging high-capacity cathode materials. However,much current research
focuses on the battery materials level,and there have been very few accounts of cell design principles.

Is a rechargeable Li metal battery suitable for electric vehicles?

Ultimately,the development of a commercially viable rechargeable Li metal battery adequate for electric
vehiclesand other consumer applications depends on not only achieving high specific energy and long cycle
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life,but also demonstrating safety and reliability.

chemical stability over a wide range of temperature,
safe operation, and so on. As a starting point, this
Perspective analyses the crucial conditions of the
cell parameters required for a high-energy cell using
a Li||high-Ni NMC (> 1 Ah) pouch-cell format
containing multiple layers of current collectors,
anodes, separators and State-of-the-art lithium
(Li)-ion batteries are approaching ???

This paper discusses how to achieve high-energy
and long-cycling rechargeable Li metal batteries
using high-nickel-content cathode materials. It also
analyzes the factors that affect the cell ???

Specially, lithium ?7?7? sulfur (Li ??? S) batteries and.
lithium ???0oxygen (Li???0) batteries are strongly
considered as most promising candidates for.

next-generation energy storage ???
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Solid-state batteries utilizing Li metal anodes have

the potential to enable improved performance

= (specific energy >500 Wh/kg, energy density >1500

| ‘m'i Wh/L), safety, recyclability, and potentially lower
cost (<$100/kWh) compared to advanced Li-ion

systems.

(DOI: 10.1038/S41560-019-0338-X) State-of-the-art
lithium (Li)-ion batteries are approaching their
specific energy limits yet are challenged by the
ever-increasing demand of today's energy storage

and power applications, especially for electric
vehicles. Li metal is considered an ultimate anode
material for future high-energy rechargeable
batteries when combined with existing or ??7?

Lithium (Li) metal batteries are regarded as the
"holy grail" of next-generation rechargeable
batteries, but the poor redox reversibility of Li anode
hinders its practical applications. While extensive
studies have been carried out to design lithiophilic
substrates for facile Li plating, their effects on Li
stripping are often neglected.
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ABSTRACT This work reports a physical mixture as
well as an integrated composite structure (ICS) of
lithium-excess layered oxides and high voltage
spinel oxides. With respect to physical ???

The increasing demand of electrochemical energy
storage systems for electric vehicles and grid
storage has stimulated intensive scientific and
industrial research of high energy density
rechargeable batteries beyond concurrent lithium
(Li) ion chemistry [1,2,3].Among various candidates,

MAAENERRRVARVA

= 4|I} anode-free Li metal batteries with lithiated cathode
P Lo I based on the Li ???

Here we report that a high-performance
all-solid-state lithium metal battery with a sulfide

N
- (4

- ~ : electrolyte is enabled by a Ag???C composite
-

anode with no excess Li. We show that the ???
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This web page provides a link to a journal article

that discusses pathways for practical high-energy
T - I [ long-cycling lithium metal batteries. The article is
| == authored by a group of researchers ??7?

DOI: 10.1021/acsenergylett.0c01545 Corpus ID:
225320187; Opportunities and Challenges of

‘7 High-Energy Lithium Metal Batteries for Electric
0 uTRES . . -
L e ey Vehicle Applications

@article{Chen20200pportunitiesAC,
titte={Opportunities and Challenges of High-Energy
Lithium Metal Batteries for Electric Vehicle
Applications}, author={Shuru Chen and Fang Dai
and Mei ??7?

The lithium???sulfur (Li???S) chemistry may
promise ultrahigh theoretical energy density beyond
/ | " the reach of the current lithium-ion chemistry and
///////6% e represent an attractive energy storage technology

— for electric vehicles (EVs). 1-5 There is a consensus
between academia and industry that high specific
energy and long cycle life are two key
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Here we discuss crucial conditions needed to
achieve a specific energy higher than 350 Wh kg
??>>?, up to 500 Wh kg ??>>?, for rechargeable Li
metal batteries using high-nickel ???

abstract = " State-of-the-art lithium (Li)-ion batteries
-t are approaching their specific energy limits yet are
; = / l- ! challenged by the ever-increasing demand of
today{textquoteright}s energy storage and power
applications, especially for electric vehicles.

(C) 2025 Solar Energy Resources 6/10 Web: https://www.gebroedersducaat.nl



PATHWAYS FOR PRACTICAL
HIGH-ENERGY LONG-CYCLING SOLAR
LITHIUM METAL BATTERIES

This oxidative pathway results in the formation of
lithium conducting J. et al. Pathways for practical

v -
{

high-energy long-cycling lithium metal batteries. the
lithium metal anode for high

* -

Abstract Lithium (Li)-ion batteries play a critical role
in modern day technologies, but their specific
energy (Wh kg-1) and energy density (Wh L-1) are
approaching the maximum practically achievable
values based on existing manufacturing processes
with the conventional cathode and anode materials.

The idea of using Li-metal as a battery anode dates
back to Whittingham's studies in the early 1970s
and is still attractive to date because of lithium's
high specific capacity (3861 mAh/g), low redox
potential (???3.04 V vs standard hydrogen
electrode), and low density (0.534 g/cm 3).Li-metal

anodes are therefore an interesting contender to
achieve batteries that go ???
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metal
fluoridematerials12,lithium-richmanganese-richlayer
edoxide Pathways for practical high-energy

By | long-cycling Thickness change of Li metal anode
after cycling for the cell in g with 50-? 1/4 m-thick Li.
Note that the cells for

e I higherspecificcapacities,includingsulfuroroxygen3,4,

/5. -_i—s— ‘ Employing quasi-solid-state gel polymer electrolyte
= (GPE) instead of the liquid counterpart has been

[ a Ut regarded as a promising strategy for improving the

- ' A electrochemical performance of Li metal batteries.
N However, the poor and uneven interfacial contact

between Li metal anode and GPE could cause large

E . . . . )
interfacial resistance and electrochemical Li ???

P;_'HW

Lithium-metal batteries (LMBSs) are currently one of
the most promising next-generation energy storage

F ﬂﬂp devices due to their ultra-high theoretical specific

capacity (3860 mA h g ???1) and low standard

electrode potential (???3.040 V compared to
CENERATION + ESS standard hydrogen electrode) [[1], [2], [3]] anic liquid
electrolytes have blocked the commercial
application of LMBs due ???
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A High-Energy Long-Cycling Solid-State
“"p“ ’ ‘ Lithium-Metal Battery Operating at High
= Temperatures. Sheng Wang, (???15 mV) for high
temperature symmetric battery. In addition, the
MSI-coated LAGP-electrolyte shows an ultra-flat
and continuous surface that enables a

homogeneous Li tripping/plating during cycles.

All-solid-state lithium metal battery a, Schematic of
an ASSB composed of a NMC cathode with a high
areal capacity (>6.8 mAh cm??>>?), SSE and a

Ag???C nanocomposite anode layer that does not

- ===
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Electrolytes with high stability against both Li anode
and high-voltage cathode are critical for high-energy
and long-cycling lithium metal batteries (LMBS).
However, the free active solvents in common
electrolytes are susceptible to decomposition at
both Li anode and high-voltage cathode.
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State-of-the-art lithium (Li)-ion batteries are
approaching their specific energy limits yet are
challenged by the ever-increasing demand of
today's energy storage and power applications,

‘}//////////;

especially for electric vehicles. Li metal is
considered an ultimate anode material for future

TEy high-energy rechargeable batteries when combined
«Im‘wmm“l l i. with existing or emerging high-capacity ??7?
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