The Micromeritics No.66 (2023) 13-20
https://doi.org/10.24611/micromeritics.2023006

ik 7 & 2 E A O EEALIC & 2 BTTER

Resources Circulation through Advanced Powder Processing

R
LR R 27 B T2t e 82
RS R B T RIF7ER 2%

Chiharu TOKORO

Professor, Faculty of Science and Engineering, Waseda University, JAPAN
Professor, Graduate School of Engineering, The University of Tokyo, JAPAN

B 8@

SDGs ZLTCH—FRry=a— b VERZIZ, ¥y—F2T7— - T3/ I -2 LD LT LEHRMERE
AR T AHEOMLRETETE I o TV D, GHEBRO-OOHBET T AHMICIZ, W
A, WAL, ALFR R4 OSBREMSTEEST 225, WITNRLAZALVF - 2EEBHL VD
KRELFK 2T IEVBRKBIRTHY, h—Kr=a— 7 0V74 EDORBAMIUR L BIFMHERE O
WYL D720I2, h—F 25— T3/ I-DX) BLEEFIERIV — 7% X2 555050 HEHAM B %
PLEELEENTVE, KETIZZDOL ) WY MABIE LT, H—KRy=a— T WREHEICE BHEE
DIRBBEE BB RAETNE ) F 7 54+ VEICHL, H—F25— -3/ I-DEKXIC
HH—FHUDY) F A4 7 VBT L, ZONBOIERBIEWERF5 4 L2 ) ¥4 7 VEREIED
ik P Bl

ABSTRACT

Society’s interest in building a resource-recycling society, including circular economy, is increasing nowadays in
SDGs and carbon net zero era. Although there are various physical, physicochemical, and chemical separation in
the powder process technology for resource recycling, all of them must meet the major constraints of energy and
resource conservation. To balance the reduction of environmental load such as carbon neutrality with resource
recycling, it is necessary to develop various separation technologies that support multiple resource recycling loops
in the concept of circular economy. As an example of such an approach, this paper introduces the development of
recycling technology for lithium-ion batteries, for which demand is expected to increase exponentially because of
carbon neutrality promotion. We introduce examples of the development of recycling technology for the two
different recycling loops; one is separation technology for outermost loop of the circular economy concept, and
another is the direct-recycling technology of cathode active material particles in the inner layer of the circular

economy concept.
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Fig. 1 Decoupling of economic activity from environmen-
tal impact and resource consumption. (Fischer-
Kowalski M. et al., 2011)

14

COEIHIT, BHTIEIRVRFE & BN &
BRHEBEOT v TV 7 THIHH, L) blFss
ARG & BN EAR O WL, FEFICHEETDH
%o UNEP-IRP & 2016 4 12 = % )V F — fit &5 1l
(Hertwich E.G. et al.,, 2016), 2017 fFIC = AV F—F
Zl (Suh S. et al, 2017) 25, A—Kr=z2—1
T VARHE & BRI & O BIFR T BB L 7o s A
MLTwb, TENH6OMEETIEZ, A—FRr=a—
FIWVRED 2D D, KEFEE, JAFEEE V-
7ZAlZ AV F—E AR, LED, BXAHBE L V-7
BIANF-REGOBEAIL T, mERRA A
Ik &, KRRLKEEAL L o 72H IR I g
FTLHH00, GIFRHE BRI
I3 AW REE 2RI LT\ b, F72, B3I
AT LI, IEA RFHAETEI ALV —REXHE
BN ) TSGR EIIOVWT, =K
Za—bFINECHTH2O00BAYF Y+ (Mho
STESP & SDS) IZHDOWTHEL TWBE A, W
b SRR BB 2 I B EE E IR O BN 2 HEW L T
Who HTHENA Y M7 — 7 i bR EA H By HE
AIEBEBIREL, VF 724 F YEBHADE
BORE VI TIX, 2020 4E & 2040 4E O HLW T
PRI L L, VF T ATII~4214 anu
FR=Z Y VT 6~2015 N—AXFINTH5HHI
BWTH 1.7~2.71%, LRI TS,

DEDRRDS, H—Kr=a— kI VEAICHE
BB A LD X ) I S D Hh L) I,
BEONFORMEL L) DOOH 5L, TNUIXT S

water fooy

o AL FOUND, 4,
) (o A7, s,
£ K 7o %

%
S,
-3
5
S

/n,
'Coy
& ome

2 F=VEAOBE (Raworth K., 2021)
Fig. 2 Concept of droughts economics.



SPECIAL SUBJECT

F3# | The Micromeritics No.66 (2023) 13-20

The relative demand growth is particularly high for battery-related minerals

Growth in demand for selected minerals from clean energy technologies in 2040 relative to 2020 levels
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Fig. 3 Growth in demand for selected minerals from clean energy technologies.
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Fig. 4 Concept of circular economy.
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Fig. 5 Separation technology required for diverse re-
source recycling.
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Fig. 6 Example of separation process for recycling lithium-
ion batteries.
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Fig. 7 Lithium-ion battery recycling process at JX Nippon
Mining & Metals Corporation.
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Fig. 8 Direction of resource recycling of cathode materials for lithium-ion batteries.
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Fig. 9 Separation in lithium-ion battery cathode material by electrical pulse.
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