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» Batteries for Electric Vehicles
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> Batteries: Market Development & ASSB Roadmap
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Lithium all solid sate battery (ASSB) roadmap:
today 2020 2025 vision
Liquid electrolyte Li-all solid state 200 Wh/kg,
based LIB LFP | Polymer | 480 Wh/I,

L'-Me 40 lc

Advanced technologies for industry — Product watch, Solid-state-lithium-ion-batteries
for electric vehicles, European Commission, European Union, Brussels, 2021.



> Batteries: Market Development & ASSB Roadmap

“The development of all-solid-state batteries is one of the most promising and important steps
towards more efficient, sustainable, and safer electric vehicles.”

(Frank Weber, BMW board member for development, May 2021)

(https://www.electrive.com/2021/05/04/bmw-ford-invest-in-solid-state-battery-specialist-solid-power/)

Lithium all solid sate battery (ASSB) roadmap:

today 2020 2025 2030 vision
SN Li-all solid state 200 Wh/ke, NMC | NMC, NCA I 350 Wh/ke, 400 Wh/kg,
umﬁgﬁg'm LFP | Polymer | 480 Wh/I, Hybrid | zzgomhl/:f | Ceramic | Bl 800 Wh/I, 1200 Wh/l
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Advanced technologies for industry — Product watch, Solid-state-lithium-ion-batteries
for electric vehicles, European Commission, European Union, Brussels, 2021.



All-solid-state battery
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» Resources, Economy

Electrolyte Cathode
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"‘Prototype: All-Solid-state Li-lon-battery (Schnell et al., J. Power Sources 382, 160 (2018)).
Leisegang, et al., Front. Chem. 7, 268 (2019).



» Evaluation of Suitable Anode Element

Periodic Table of the Elements :
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» Evaluation of Suitable Anode Element

« Strengths and weaknesses analysis of the elements (as anode materials)
25
~ » Electrochemical (dark) and resource-economic
20 | B8 BB o characteristics (light).

: Benchmark systems.
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Electrochemical Storage Materials: From Crystallography to Manufacturing Technology. D. C. Meyer, T. Leisegang, et al. (Eds.), pp. 1-16, Berlin, Boston: De Gruyter, 2019.
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> Electrolyte and Cathode

Electrolyte Cathode
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« Common property: ionic conductivity o
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"Prototype: All-Solid-state Li-lon-battery (Schnell et al., J. Power Sources 382, 160 (2018)).

Leisegang, et al., Front. Chem. 7, 268 (2019).
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» lonic Conductivity
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» Search Algorithm for lon Conductors
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Nestler, et al., Chem. Mater. 31, 737 (2019).

Blatov, et al., Cryst. Growth Des. 14, 7, 3576 (2014).
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Leisegang, et al., Front. Chem. 7, 268 (2019).
TOPOSPRO SoftBV

Eremin, et al., J. Phys. Chem. C 123, 29533 (2019).

Chen, et al., Acta Crystallogr. B, 75.1, 18 (2019). 14



» Search Algorithm for lon Conductors
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» Solid State Battery: From Materials to Design

=  Anode Electrolyte Cathode +

(1) Zinc ZnRh204 ZnCr204

Cv = 1755 mAh/cm?

Cv = 5854 mAhem?  omr =6 x 10 S/cm orr = 2 x 10 S/em

Morkhova et al., J. Phys. Chem. 125, 17590 (2021).
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» Solid State Battery: From Materials to Design
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Schnell, et al., J. Power Sources 382, 160 (2018).
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» Solid State Battery: Multiscale lon Transport & Microstructure

oy
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Famprikis, et al., Nat. Mater. 18, 1278 (2019).
« Various physiochemical and electrochemical transport phenomena occurring at multiple length and time scales.
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» Solid State Battery: Fundamentals & Challenges

« Evolution of chemical potential:

» Mechanical degradation:

A
v Oxidation to Li-poor N
cathode inte rphase? :uL|, cathode
Electrolvt Fracture
ectrolyte K
stability window =3 Hui, se le
Solid electrolyte
Vanode : » e Ese Gse
Reduction to Li-rich =k EEE .
———————— = interphase?
. . A .I—\ 7y SRS \ ¥ Electrode ¢
I—\ r oy [ T A k EE’ GE
Anode OO0 , b , O« o Cathode X
Li reservoir . . ) . ) ) 999 Li sink O adh’ ¥ xic € electrochemical
000 ® 0
Q0O T T (T Ty 1Ty Adhesion Delamination

Solid electrolyte

Vacancy depletion
e thickness (nm)

(Interstitial accumulation)
Positive space-charge

Vacancy accumulation
(Interstitial depletion)
Negative space-charge

Famprikis, et al., Nat. Mater. 18, 1278 (2019).
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» Manufacturing of TF-SSB: SSB Meets FLA

* Thin-film solid-state batteries: low-power devices such as wearable sensors, implantable medical devices, RFID, ...
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» Manufacturing of TF-SSB: SSB Meets FLA
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» Manufacturing of TF-SSB: SSB Meets FLA
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» Manufacturing of Electrode: Anode Meets FLA
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> Summary
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“...excluding cell casing, ASSBs with specific energy beyond 400 Whkg-1, energy density beyond
1,000 WhI-1 and more than 90 % energy efficiency at a are within reach...”

(Randau, et al., Nat. Energy 5, 259 (2020))
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