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INTRODUCTION

• Solid-state electrolytes: polymer electrolytes, oxide/sulfide/halide 

electrolytes, and composite (polymer-inorganic) electrolytes

Solid-state batteries

Manufacturing design

Recycling & Upcycling
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LITHIUM-ION BATTERIES (LIBS)

Charge stored in bulk of electrode via intercalation 

(Faradaic reactions)
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LITHIUM-METAL BATTERIES (LMBS)

3,860 mAh/g

Energy

372 mAh/g

Sci. Technol. Adv. Mater. 23 (2022) 172
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BATTERIES & SUSTAINABILITY
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▪ Historical reliance on ocean dumping

▪ Persistent marine pollution impacts

▪ Ongoing concerns over seafood contamination
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HANDLING WASTEWATER

Global wastewater production (2021)

No data
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( Unit: 109 m3 yr-1 )

▪ Oceanic dumping prohibition

▪ International treaty enforcement

▪ Disposal methods discussion

North America

: 74.7

Western Europe

: 38.5

East Asia

: 117.6

Land-based treatment required

→ Sludge drying

Earth system science data 13, 237-254 (2021)
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INCREASING SLUDGE TREATMENT

(Unit: 106 tons)
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RECYCLING SLUDGE

Sludge (Biomass)

Water

Biochar

Bio-oil

LandfillIncineration

Water content

Vicinal
water

Interstitial
water

Bound
water

Dewatering
Belt pressed 80 %

30~40 %HTC
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SLUDGES IN BATTERY FIELD

Scientific Reports 6, 33688 (2016) ACS Sustainable Chem. Eng. 12, 14099−14108 (2024) Engineering 45, 234-242 (2025)

Sludge Extraction

Si

P

Fe

Conventional methods

Li-ion batteries

LFP 

Silicon anode 

(No extraction)

Our work

Biochar

(after HTC)

No pyrolysis, No chemical additives

Advanced Li-metal batteries

HTC sludge

carbon-host anode

Lithiation

Lithiation

Dendrite
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SLUDGES IN BATTERY FIELD

Scientific Reports 6, 33688 (2016) ACS Sustainable Chem. Eng. 12, 14099−14108 (2024) Engineering 45, 234-242 (2025)

(No extraction)

Our work

Biochar

(after HTC)

No pyrolysis, No chemical additives

Advanced Li-metal batteries

HTC sludge

carbon-host anode

Lithiation

Lithiation

Dendrite

Collaboration with Prof. Jai-young Lee

The University of Seoul (UOS), South Korea

Expertise in waste management
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MORPHOLOGY OF SLUDGES

Raw sludge (P0)

50 nm

50 nm

HTC 300°C sludge (P300)

SEM HR-TEM SAED

5 μm

5 μm 50 nm

50 nm

Raw sludge (E0)

HTC 300°C sludge (E300)

SEM HR-TEM SAED

5 μm

5 μm

SiO2

(101)

(001)

(101) (002)

(021)

Amorphous

In preparation
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CHARACTERIZATION
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SLUDGE-DERIVED HOST

Li ll CuLi nucleation

Initial state Li deposited on Cu (Qc) Li stripped on Cu (Qd)
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FULL-CELL

*Cathode capacity : 3 mAh cm-2
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BATTERIES & SUSTAINABILITY
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BATTERIES & SUSTAINABILITY
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▪ Critical resource depletion (Li, Ni, Co scarcity)

▪ Environmental risks from hazardous waste

▪ Inefficient or costly recycling technologies
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TERNARY CATHODES (NCM)

Li-ion batteries

CoNi

Mn
Li O+ +

Limited availability of Lithium, Nickel, Cobalt

. . .

NCM 811 NCM 532 NCM 622 NCM 111 

. . .

High nickel Mid/low nickel

• Energy density ↑

• Structural stability ↓

• Material cost ↑

• Material cost ↓

• Structural stability ↑

• Energy density ↓

Ni

Co

Mn

NCM : LiNixCoyMn1-x-yO2
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Increasing demand for Li, Co, Ni

ECONOMICAL NEEDS

9,615 $/t 34,042 $/t 16,089 $/tPrice (2025)

0.0006 % 0.0025 % 1.83 %Resource

41 yrs 11 yrs *10 ~ 44 yrsDepletion

(Iron ore : 98.19 $/t)

Li Co Ni

*High purity : 10 yrs, Low degree : 44 yrs

Price fluctuationRare metal price

▪ Critical supply constraints

▪ Risk of resource depletion
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CONVENTIONAL RECYCLING METHODS

How to design eco-friendly, closed-loop recycling?

HydrometallurgyPyrometallurgy

▪ High energy consumption

▪ Environmental pollution

▪ Material loss

▪ Chemical waste

▪ Slow processing rate

Precursor 

Materials
Separation Chemical process

Smelting Slag & Alloy

Solution

Shredding

Greenhouse gas

Waste

Batteries

EnergySmelting agents

Precipitation

Precipitation

Acid leaching
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REGENERATION

Few hours (~5 h)

Room Temp.

Spent Electrode

Regeneration
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Li+

e-

In preparation
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MECHANISM

Redox active compounds Optimizing redox mixtures
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▪ Spontaneous lithiation

▪ Designing optimal formulation

In preparation
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EXTRACTING LI
(SIMULATION)
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REGENERATION

119% recovery

0 20 40 60 80 100 120
Capacity rate (%)

1st40th

1st cycle after regen.

Previous cycle

Areal capacity (mAh cm-2)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

3.3

3.9

3.6

4.2

4.5

3.0

V
o
lt
a

g
e
 (

V
 v

s
 L

i+
/L

i)

3.3

3.9

3.6

4.2

4.5

3.0

V
o
lt
a

g
e
 (

V
 v

s
 L

i+
/L

i)

3.0 V~4.2 V @ 1C

Li ll NCM523 (1.7mAh cm-2)

93% of capacity retention

50% Li extraction

Successful recovery with stable cycling after 50% Li loss

In preparation
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REGENERATION CONT.

Pairing solvent B

Pairing solvent A

Reagent

Lithium

Regeneration solutions

Regeneration

Coulombic efficiency (%): discharge / charge capacity
Regeneration database
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NATURAL DEEP EUTECTIC SOLVENT (NDES)

• Low-toxicity

• Biodegradability

• Easy to produce

Eutectic blends of natural components

Betaine

from broccoli

(HBA)

Choline chloride
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In preparation
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UPCYCLING
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NDES Process

4. Water Precipitate

Lithium source
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Spent Regenerated
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Method

Nat Commun. 15, 4086 (2024)
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