Mechano - Materials and Energy Laboratory

MW Japan Society of Material Cycles

o anNd Waste Management

Transforming Waste into Power: Next-Generation
High-Energy Batteries via Recycling and Upcycling

Michael J. Lee, Ph.D.
(Seunghoon Lee)

Assistant Professor

Department of Mechanical Engineering
Kyung Hee University

87 V. LEE's
{‘-‘%" {3‘7 I\/EL RESEARCH
\ / GROUP



INTRODUCTION
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+ 2023 - Present: Assistant Professor, Mechanical engineering, Kyung Hee University

« 2022 - 2023: Postdoc, Mechanical engineering, Georgia Institute of Technology
« 2017 — 2022: Ph.D., Mechanical engineering, Georgia Institute of Technology

» Dissertation: Designing 3D Structured Electrodes and Electrolytes for High-Performance
Rechargeable Batteries

« 2011 - 2017: B.S., Mechanical engineering, Georgia Institute of Technology
« 2013 - 2015: Serving in the Republic of Korea Army

D> RESEARCH AREA

» Solid-state electrolytes: polymer electrolytes, oxide/sulfide/halide
electrolytes, and composite (polymer-inorganic) electrolytes

» Low-temperature batteries: Low-temperature test protocol, electrolyte formulation,
and design of carbon (graphene)-based anodes

+ Post-metal batteries: sodium, potassium, zinc, magnesium, and aluminum
batteries

» Lithium-sulfur batteries: electrolyte formulation, separator design, and sulfur
cathode design

Solid-state batteries
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MEL | Reseacer LITHIUM-ION BATTERIES (LIBS)

(LiCo0,)

Charge stored in bulk of electrode via intercalation
(Faradaic reactions)



MEL &% LITHIUM-METAL BATTERIES (LMBS)

~ Li metal anode ' Challenges of Li metal anode
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Part 2. Battery regeneration

Waste batteries

Part 1. Host matenial
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GLOBAL CHALLENGE: SLUDGE DISPOSAL

= Historical reliance on ocean dumping

= Persistent marine pollution impacts
= Ongoing concerns over seafood contamination
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- Backgrounds

Global wastewater production (2021)
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Land-based treatment required
— Sludge drying
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{ Sewage sludge treatment volume }
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' Conventional sludge disposal
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Conventional methods

Biochar
(after HTC)

Scientific Reports 6, 33688 (2016)

SLUDGES IN BATTERY FIELD
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Our work HTC sludge
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Collaboration with Prof. Jai-young Lee
The University of Seoul (UOS), South Korea

Expertise in waste management

Scientific Reports 6, 33688 (2016) ACS Sustainable Chem. Eng. 12, 14099-14108 (2024) Engineering 45, 234-242 (2025) 12
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" Purified waterworks sludge |

Raw sludge (P0)

SEM

In preparation

MORPHOLOGY OF SLUDGES

Raw sludge (EO0)

{ Electronic wastewater sludge }

Amorphous
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Li-Sludge host@Cu Il NCM811 (18 mg cm)
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Part 1. Host matenial
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= Sustainable battery design
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BATTERIES & SUSTAINABILITY

Part 2. Battery regeneration
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Part 1. Host material
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GLOBAL CHALLENGE: WASTE BATTERIESJ%

Critical resource depletion (Li, Ni, Co scarcity)
Environmental risks from hazardous waste
Inefficient or costly recycling technologies
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High nickel

Energy density T
Structural stability |

Material cost T

LiNi,Co,Mn,,.,0,

TERNARY CATHODES (NCM)

Li-ion batteries
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Rare metal price Price fluctuation
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Smelting agents Energy Greenhouse gas Precipitation
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= High energy consumption

= Chemical waste
= Environmental pollution

= Slow processing rate
= Material loss

How to design eco-friendly, closed-loop recycling?
22
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- Redox active compounds
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» Designing optimal formulation
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VEL

Regeneration solutions
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REGENERATION CONT.
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| Eutectic blends of natural components '
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UPCYCLING

Method

NDES Process
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Nat Commun. 15, 4086 (2024)
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