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220 Years of Battery Research
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Fundamental Concepts in Battery Research
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2019 Nobel Prize in Chemistry goes to

John B. Goodenough M. Stanley Whittingham Akira Yoshino
Cathode materials: LCO/LMO/LFP Intercalation concept: TiS, First prototype Li-ion batteries

“for the development of lithium-ion batteries”




Need Battery Breakthrough to Enable Full Penetration of

EVs
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Need Battery Breakthrough to Enable Smart Electric Grid
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Energy Storage Program in Yao Group

Li-ion battery Solid-state Li battery Characterization Manufacturing
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High-energy Solid-State Organic-Lithium Batteries




What are Solid-state Li-metal Batteries
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Motivations for Organic-Lithium Batteries
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Organic compounds with well-understood redox-active functional groups can reversibly
store/release multiple electrons and cations per molecule.

Organic-lithium batteries can deliver material-level specific energies of 1000 Wh kg!




An Organic-Li cell cycles for1000 Cycles
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material utilization of 78% Hao, Liang, Yao*, ACS Energy Lett., in press




-milled Cathode Composites
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Cryo-milled Samples show of 99.5% Material
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* Cryo-milled composites deliver capacities of 407 mAh g-!, a material utilization of 99.5%.
» The material-level specific energy of 828 Wh kg~! based on the weight of Li,PTO.

* The cathode only contain 20 wt% active materials. -




Issues with Increasing Active Materials Fraction
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Solution Process for Better Microstructure

(i) Mixing (i) Uniaxial pressing
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Improved Battery Performance at Electrode-level
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Diagnostic Platform for Understanding Failure Mechanisms
of
Solid-state Li Batteries




UH-Rice Team
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Interfacial evolutions induced by external stimulations
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Air-free transfer vessel with an in-situ cell test
platform

SAMPLES ARE AIR-SENSITIVE PROTOTYPE
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In-SEM Nano-indentation for Air-sensitive Samples
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Cathode Microstructure Analysis by Slice & View

Total Vol. Volume
. . (um3) Fraction
Helios FIB Size: 4 um

Organic/C 199 51.4%
Electrolyte 184 47.7%
Pores 3.3 0.9%






High-Power Mg batteries for Grid-scale Energy
Storage
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Low Capacity and Low Power of Mg?* Cathodes
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Voltage (V versus Mg?*/Mg)

Heterogeneous Enolization Redox Cathode
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Heterogeneous Enolization Redox Cathode
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Electrolytes with Lower Viscosity and \Weaker
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Voltage (V versus Mg?*/Mg)

Specific energy (Wh kg™)

High-power Mg Batteries
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Energy Storage Program in Yao Group

Li-ion battery Solid-state Li battery Characterization Manufacturing
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