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Developing batteries with 10 times the energy

storage

October 31 2023, by Victoria Schramm

a
S
=
=
j
g
@
[=)]
s
3
>
0‘6 I 1
0 836 1672
Specific Capacity (mAh g')
c
25
2.0
s
5 154
5
= 104
w0
>
&
2 05-
g
— 08V
004 — o2v
—-02V

T T T T T T
0 200 400 600 800 1000 1200 1400
Specific Capacity (mAh g™

b
i room temperature (25°C) high temperature (60°C)
2 1750 1672 —r
€ 1500 [ —
= 1 1400
% s 1310 1356 1350 i s
g ] 1166 1139 1
(5]
% 1000 4
=
5 750
2
8 5004
8
E 250
O T T T 6I T ‘1
: D ok S 3 %
P e @dT el odn o o @dT o7 @b o
< 4
d e .
A Transition State
~ 0.0 Li-S* + Li*
% A T
= i \ Io.42 eV
2 044 ) IS
f ; : ] \“
& < ‘ir % ‘\\\
S -08- 5 ::, o \ Sulfur
B @ < |«
E i / o
£ 124 ! 2
) [/
2 i i o
5 1.6 —H—Vacuum el
0 ~je— Lil Surface Li,S —2o2Ads
T T T T T T :
0.0 0.2 04 06 0.8 1.0

x=2/(n+2) in LiS,

Reaction Direction

Postulating a mixed discharge product of ASSLSBs. a Voltage profile showing
the theoretical discharge curve of ASSLSBs. b Initial discharge capacities of
ASSLSBs recently reported in literature. ¢ Voltage profile of an ASSLSB tested
using different lower limit potentials. d Computational Gibbs-free formation
energies of Li,S, and Li,S per atom in vacuum (red line) and on the Lil(100)
surface (blue line). e Simplified activation diagram illustrating the energy
landscape of Li,S, (red line) and Li,S (blue line) oxidation in the adsorbed phase
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on the Lil surface. Credit: Nature Communications (2023). DOI:
10.1038/s41467-023-42109-5

To meet the rising global demand for electric vehicles, we need new and
improved batteries. One promising candidate are all-solid-state lithium
sulfur batteries. They can store nearly 10 times the amount of energy as
traditional lithium-ion batteries, according to researcher Justin Kim.

This type of rechargeable battery uses sulfur, a material that is
affordable, readily available, and more environmentally friendly, and it
1s also significantly safer, according to Kim. This means that your
electric vehicle could cost less to purchase, drive longer distances on a
single charge, and be a safer ride for your family.

"The fundamental understanding of this type of battery is very limited
right now because it's an emerging technology," said Kim, who studied
lithium sulfur batteries during his Master's degree at Western University
and 1s now working on his Ph.D. at the University of California in Los
Angeles in the same field. "So, not much is known about their
operational mechanism and their failure modes, and this information is
really important for designing longer-lasting, high-energy density
batteries."

Kim and colleagues at Western University used the Canadian Light
Source (CLS) at the University of Saskatchewan to analyze what
happens inside these batteries when they are in use. They identified
which species of sulfur are formed in the battery during its operation and
how this could reduce performance or cause the batteries to fail. Their
findings were published in Nature Communications.

"The research we were able to do at the CLS really enabled us to better
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understand how these batteries work," said Kim. "With these new
insights, we were able to form new design principles that can further
improve the battery's performance, including the lifetime of the battery
and how much energy it can store."

The team 1s hopeful that they can accelerate the implementation of this
new technology into everyday use within the next five to 10 years.

"These batteries are a really promising candidate for use in electric
vehicles and a lot of new emerging technologies, such as electric
aviation," he said.

When he was growing up, Kim was inspired by the sulfur deposits that
his family would drive by in Vancouver. The city has giant mounds of
the yellow resource piled near the coast. "I found it really fascinating
that you can use sulfur as a material in a battery," he said. He is excited
about the potential for this material that is abundant in Canada and
beyond.

"I'm passionate about this field because I think that it can contribute to
mitigating the effects of climate change and also help society transition
towards electromobility and some next-generation applications for
electricity."

More information: Jung Tae Kim et al, Manipulating Li2S2/Li2S
mixed discharge products of all-solid-state lithium sulfur batteries for
improved cycle life, Nature Communications (2023). DOI:
10.1038/s41467-023-42109-5
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