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Journal of Material Cycles and Waste Management (2025) 27:2723-2735
https://doi.org/10.1007/510163-025-02278-5

ORIGINAL ARTICLE

Localized degradation influences the separation of cathode active
materials from aluminum foil by direct electrical pulsed discharge

Waste Management 204 (2025) 114958

Contents lists available at ScienceDirect

Waste Management

D

ELSEVIE

G

z waste

journal homepage: www.elsevier.com/locate/wasman

Research Paper 4.}

Primer coatings enhance the separation of cathode active materials from &&=
lithium-ion battery cathode sheets during direct electrical pulsed discharge

Chiharu Tokoro'2() . Takatoshi Kurihara® - Asako Narita' - Taketoshi Koita'

Received: 4 February 2025 / Accepted: 27 May 2025 / Published online: 11 June 2025
© The Author(s) 2025

@ WASEDA University

Cathode Active Materials

Chiharu Tokoro ™" @, Moe Nakahara “, Taketoshi Koita ", Nobuhiro Tsuji °

“ Faculty of Science and Engineering, Waseda University, Tokyo 169-8555, Japan

Y Faculty of Engineering, The University of Tokyo, Tokyo 113-8656, Japan

© Graduate School of Creative Science and Engineering, Waseda University, Tokyo 169-8555, Japan
9 R&D Center, Nippon Graphite Industries, Co., Ltd., 520-2151, Japan

Experimental Methods : Pulsed Discharge

Al foi
Cathode Active Materials

Primer coating

— Without primer coating Wit primer coating A With primer coating B
Input energy [J/mm?] 2.0 117 1.1
Delamination rate [%] 99 93 100

Fragmentation rate [%] 37 8.0 4.4

Conclusions

Primer coating
determine the feasibility
and efficiency
of spent LiBs recycling.

Separation mechanism;
Joule heating which
caused adhesive
deactivation

+ Plasma expansion

* Horizontal and bending
thermal stress

10
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JOURNAL OF CHEMICAL ENGINEERING OF JAPAN Tavior & Franci
2025, VOL. 58, NO. 1, 2495820 e aylor & Francis

Taylor &Francis Group

https://doi.org/10.1080/00219592.2025.2495820

RESEARCH ARTICLE

Liberation of Nickel-Cobalt-Manganese-Based Active Materials from Cathode
Composites by Dry Grinding Using a Calcium Oxide Grinding Aid

Kento Izumi®, Yutaro Takaya®< (®, and Chiharu Tokoro”<

“Graduate School of Creative Science and Engineering, Waseda University, 3-4-1 Okubo, Shinjuku-ku, Tokyo, 169-8555, Japan; “Faculty of
Science and Engineering, Waseda University, 3-4-1 Okubo, Shinjuku-ku, Tokyo, 169-8555, Japan; “Faculty of Engineering, The University of
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan

ABSTRACT ARTICLE HISTORY

The demand for lithium-ion batteries (LIBs) is expected to increase with the expanding efforts in Received 11 February 2025
achieving net-zero emissions. Various recycling processes are being considered for the proper dis- Accepted 16 April 2025
posal of LIB waste. In recent years, direct recycling has been developed as an environmentally

friendly and less expensive recycling process, whereby cathode active materials (CAMs) are recov- tfl:wugnsb ttery: Direct
ered in their material form. In this study, a dried cathode slurry was used as a sample to investi- r;cy';m;?gat:oj?;n:i
gate the liberation of CAMs by dry grinding using a calcium oxide (CaO) grinding aid, which was ool Grinding aid;
found to improve the grinding efficiency. The chemical and image analyses showed that CaO Calcium oxide
facilitated liberation because the CaQ was adsorbed on the polyvinylidene difluoride binder and

maintained the dispersibility and flowability of the ground material. A basic study was performed

to confirm the possibility of direct recycling. As a result, the Ca0 grinding aid did not affect the

crystallinity or the fraction of CAMs that could be broken. It was also shown that CaO can be sep-

arated from the fine fraction side by simple air sorting, and CaO could be partially removed by

water washing, without leaching the critical transition metals.

Manufacturing scrap of
Cathode slurry sample

™ Making laminate cell

|

Charge-discharge test

g J © Laminate cell I

2
O Reference

Qﬂperformﬂce/‘g
62

0 100 200 300 400 500
Cycle number

N

Capacity [mAh]
2 2 2

a OPEN ACCESS M) Check for updates

Graphite Anode Delamination and Cu Removal
via Electrical Pulsed Discharge (EPD)

Sequential separations

E%

/

' Wet sieving
v
e » Elutriati
. (‘\ 2 - w ation

Acid leaching

v ol
—/ .

Anode material
Cu foil
Anode material

..
«* .o
.o

> 95% delamination maintaining graphite integrity

with Cu and Fe contaminants High-purity graphite

for direct recycling
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Velocity (m/s)
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Separation and Purification Technology 322 (2023) 124280

Contents lists available at ScienceDirect

Separation and Purification Technology

o

2 :
ELSEVIER

journal homepage: www.elsevier.com/locate/seppur

Simple and efficient selective extraction of lithium from spent ternary
lithium-ion batteries via oxidation/de-lithiation using NaClO

Yanhui Kong®, Yutaro Takaya ™, Mauricio Cérdova-Udaeta ®, Chiharu Tokoro ™"

&

Defect-rich amorphized
rock-salt surface

P
Oxygen vacancy

Catalytic-Oxidation/De-lithiation

Spent cathode materials
(containing Ni, Co and Mn)

pHZFMEMNECRD T2F R, BMEARIZH
WZIRHZITD T LT, LDz EiRRY.
M DOEXNER (92.5%) Tl

Leaching efficiency of lithium (%)

0
(The leaching efficiency of other metals
(Ni, Co, Mn and Al): < 0.001%)

] Sdectivity of lithium

L

92.54%

£ X
k|

| Lithium-rich

leachate

Selectivity of lithium (SL,%)

BIRTBEC K D LidDiEIR[EUR

Sample solution (100 mL) : sp0

— «—— Ca(OH), 1.00¢
pH12-13
Step1 — .

Stirring for overnight

Filtration (0.45 pm, PTFE) SO4Fr %
|
J: 3

Filtrate - sp1 Precipitate - pre1

i

[«—— Na,CO, ca.2xLi(mol)

Step2 =  Stirring for 30 min
Filtration (0.45 ym, PTFE) Calg=E
I
v ¥
Filtrate - sp2 Precipitate : pre2
— |
Removing the solvent by heating (ca. 80°C)
Step-3 !
Filtration (0.45 pm, PTFE) + |
|
J{ Rinse with hot water (> 80°C)

* i
Filtrate - sp3 Precipitate : pre3

LiCO3&#T

9 WASEDA University

13



FALLIMNIYA7NICRT =R ( 2R+ B E)

Degradation mechanisms in Li-ion cells

Copper dissolution and Solvent co-intercalation
dendrite formation _ () and graphite exfoliation
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Solid-state Sintering
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Zhang et al. (2024)
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