i g O RIS AT FE e R 3 25€ (ALCA)
R ol B AR BT e | AR5 R
WEFEPE AR A DT B A S<& R A e A9
DRt O

=<

& TR

WFZE BT HAR] k25457 H ~ & fns54-3 H

WFIEBH AR T BEE
(R RS S R A TR R R A4 58
Bt #$z)



OHBEEFER (Fa30)
WRTEPTEAAIITES SO ERBER I TER B2 it 15
TS B FERRRE A R IS < o R B A 5 M MERE R D A

LAFZEBHRE D B 1 (& B-ZE K Bl 7 F—24)

AWFZEBFENZ LS TRIH SN AT T T AZ2 5K R B 1, BB TR ER X — 5 L
BHNS e p X —a XN BT HRMOE B THY , B H B H (EV) 2O WK EHE
B AT LD KA BELTWD, BV OfRERI7: CO, HEHEIIT VI HED 1/4 FRETH
V. BEVHETREOIR S FE N AHNED R T TREW, £2, VF U LZER IREMIL,
AFRETRF —DH AT T vy T T D7D DS BT AT LAOFEMEL
THEL TS, RIFFETIL, 2HOLIERERBIER N2 A T 5V TF U LZE[ IREMO T~
M, O EM AR T A EEHNELT,

2GR OB E (& 8- 22X Y7 F—2)
(HNE:

VT LZER IR EMLABIL, BEfFDOVT U LA A EMOE BT R/LX —FELZRKE LE
% 500 Wh/kg #E2ieZ D TEHIR KB THY | Z O E - mAF BORFRDDITV VIFR
DEXEBESCEENEEL AT LAOTEEREL TRERMENFELN TS, LAB 1Z3EHD
BIIVIRNH IR, BN A7V F a7 8 OFED RS T3, 16 DL Eib- 51
RCOMFERIRIC I CRREN S FEES NS> Db T, o T, HARD LAB HFZERHSE 3 4 BEA
THIENRELD, AAROEE FOMIE N EEAE LT T — 22 FEmk L, /INUAS Y 7B TRV
X —HEE 500 Wh/kg BL b, HI)8EE 100 W/kg BA b 027040 300 [E1LL F, SEX)FREEE
3.5 V L F&SEIET A2 Ok kAY72 BIEA iz,

()RR

HETRVX—HE 500 Wh/kg LK L7z, 7'u =2 MHEBRHZERE L3l B IS
BN TWRNE OO, 500 Wh/kg #kD TR/ F—EEICKIT DR REMEE 25891 7 v
BeARIZER L, £7o, vy =2 MIRFRENZ, U F U LZEKE MO A 7 VERHEIC
BAGR T 5 BB 2 B AN R PARR NS 2 & 2B E 2 LSS O FERER BRAR O 4
A b3 X< T — DRI E AR A BN B BT 57 E JEEERATE & AT
S PIREE % Wi & 3 2D MARIC K0 . ERICET VA4 I NV EGD 120 O EHEE
EREL T AIZE ST,

(5D :

VF L2 O FE b~ TiX, 500 Wh/kg #kD K& 7B BT VX —FEAHEFF L
O, YEiFED7eKEL 200 [FIRREDFTME Y AV NVEZERTHIENVLETHD, Koy e
LT, A7 24 B (S i) 292810, $£72 200 [El~[EF CoRREHERHIIE R T 528
DCETz, ZOBLIHLT, ERE RIS DA B R COF AL A S T- 0720, BB %
B RS A7 B o Bz oW, BRI T L — 7 20— BB OV REV RS RS
ICRCHZEREMMFTEX HVE 12h D, JERREE T L —Y —I1d, T’ax b EDE RO
WO I E o TOBIRILICH D,

L, A7 ey =7 a@mL T, 20TV 20 E BT D720 0 HE T S -, £
FFZEIRTNCDOWT, F— LB FEDOHEE I ZVAFSEE B COBERILA L~T VT L - TR O1E Sk
DEBLZITODIRDLE, B AT e EFOE RS M SRS LS BRI, RERTRA
T Llpo D, £z, 500 Wh/kg %0 B BT R )LX — & BRI A7 VRO ) AT — L
ELTHS72D T, 200 YAV EERAANT CORERED BRI S IR0 & Z O R O AR R
WTETCND, %L, ZOLTET RN T —UEIE L, ZNVE CIOEAII “BaHEE 2 B
b3 2 FEMEOBIR I D CEE LD,



LAFZEBE S O B ) (Mg 4@ st —7 F—2)

Mg &)@ Aatz A\ - E B oA B BICHFZEE F20E L T2, bR O HITEA ERER 52
DEREDT-OIIAR A RIZI2-TND, ZDT-0(E, BARREZRLE —DEANLETHD,
AR RET R —ZIEWANAZRFEEEN BN, B L CIEKBEE R I ORI 2 V- B 8K
TRNLFX—DBEANRLEEL2STND, LIPL, ZIHD =R X — X RBHCREIC LV EET5
DR R ERTRLF—THY, —EFBUMIZITRL TLEELSTThoERA LT iERs
72N, EDT-OITIE, M CEtERE R BB M A NI TH D, Fio, ZL<OZBEMN NI/ BT-60
BIRO L E MRS ATREZR TEHE TR SN QWD LRk BN D, AHFZERIFREIRETIX Mg %
W= E oA R ERA T, Mg BIRRIEO 2N IERE O —2>ThHD,

2 WFGEBRA O EE Mg & B 7 F—2)
(HNZ:
Mg <&@ % BRI IEMIZIE M2 A4 Offi A - BB AT REZRES 4B B L% AV BB
OVERZ HEOE LT, LT OMFFERR 2 I LT,
1. Mg &JmzamE L THWDIEOERL
2. Mg AL DA - D 2~3 V vs. Mg/Mg2  CEULTER 4 B E L O BR %
3. Mg &R AMETEVEIC R INE TN TE, EM LTRSS ISR\ W EBAEE OB %
4. FEBESE L —472 8 OB OB%
5.250 W hkg!' BEDOT= VT —HELHTLEMOIER (ZOTRVF—EEITBIAFT DY
FULAF U EMERFRE THY, VF T LA AR O EMEEE)
6. VF U LAF B E RSO A7 NV FamE A T HEMO (ER

Q)RR

1.2 2WTCIE, FEM T FTEE: Mg BAERT 22 LI LTZ, BE&IZ OV THRETL
7oy, BRI Mg D72 BRTEZER 9 2 LIl . + /e e EEIEE N SHHZ L%
B LT, 2. IZ2oW\WTIE, KIEEA LAY x UG EZH T 0888 RBBIEHH O IE b
~ U H IR E OFHLERAELOBR IR P L, BHEMTHEATEHI LM LI, HED HED
TRNX— IR ER TEXALDO ThoT7, 3. ICOWTIL, FHEMA 2L EBR B 2 A T 52
ETHULWEME R & W U, BB D T = %4 3 A EMIE A Mg BRI 5 LT 1F ik
EWEI L TOANAER T 522 AL, 4. ICoWTE, 7A=Y A EEBROBE AT
N —HEI T HNEEAE O FBEZ LT HEEH12, ENHEMRRT DO DE I Bl 32 5
fEL72, 5. IZ2OWTE, 733 — MV AERIL = LK — 8 O FZRE A T 72, FERLERFD /) i
IFREDD, =R EICBL QT BAEEEMR LT, 6. [Z2W L, HFFED BRAARE A 7
HERELYP ANV Z I ET DRI LT, VF T DA BN DY A 7V T A
BT DIZIE, SHRARFINVETHS,

FIFZE R AR S TR CIE B ISV I — M Mg E B IO TSR Th 7208, R
WFFEBRFREIC LTI R —FTD Mg EBMOEMEAL R TEI-Z LI RERFR R THS,

Q)5 kDR :

Mg A A > O IERRIEE N COIEBORE 1T/ NS, KB TOFMENEHL ARILIZH D,
B bk 1 DT MEIZ KRR L TETZ, SOICHE R G2 DO N L ETHD,
BB ICBUIIRER NGO SOICER LI, BiRZ EM R E DBEN KD BN D,
AMIZEAL TESHRDEED RO OILD, LEAROFRIZEL T, iINAIZ S 0 IflHs o
BETHDH, NEREADORIEIZIVALERD /NN L —Z LRI TEAD, KD/ XL —
NERID T TR ADFESLH R D HID,



oReport summary (English)

Principal investigator: Graduate School of Urban Environmental Sciences, Tokyo
Metropolitan University, Professor Kiyoshi Kanamura
R & D title: Study of Next generation battery

1. Purpose of R & D (Metal-Air battery subteam)

The lithium-air secondary battery (LAB) holds great potential for achieving remarkably high
energy density and low energy cost, making it a promising candidate batterie for electric vehicles
(EVs) and household energy storage systems. EVs are estimated to have approximately 75% lower
overall CO, emissions compared to gasoline-powered vehicles. Moreover, LABs are well-suited for
energy storage systems that aim to stabilize output fluctuations and bridge the supply-demand gap in
renewable energy sources. Considering these factors, the objective of this project is set on establishing
fundamental technologies of LABs that support their social implementation.

2. Outline of R & D (Metal-Air battery subteam)
(1) Contents:

LAB is a next-generation rechargeable battery that hold the potential to achieve an energy
density of 500 Wh/kg, surpassing the capabilities of current state-of-the-art lithium-ion batteries.
While LABs have encountered challenges such as low rate capability and short cycle life, significant
progress has been made through extensive R&D in recent decades. To ensure that Japan remains at the
forefront of LAB R&D, a collaborative team has been established, bringing together the research
capabilities of Japanese industry, government, and academia. The project was initiated with ambitious
targets, including an energy density of 500 Wh/kg, power density of 100 W/kg, cycle number of 300,
and average charge voltage of 3.5 V. These challenging goals serve as a driving force for the project.

(2) Achievements:

Although the initial numerical target set at the beginning of the project was not fully reached,
significant progress has been made in key areas. The weight energy density of 500 Wh/kg has been
achieved, marking a significant milestone. Furthermore, the project has achieved a remarkable
breakthrough by achieving the world's highest cycle number of 24 for lithium-air batteries.

During the project's duration, several important scientific discoveries regarding the cycling
characteristics of lithium-air batteries were made worldwide. In response to these findings, the team
structure and priority areas were flexibly adjusted to enhance the fundamental understanding of battery
reactions. By combining the efforts of researchers engaged in both basic and applied research, the
project successfully achieved the world's highest cycle number.

These concerted efforts have culminated in the establishment of a design guideline that
paves the way for practical applications, enabling the attainment of a significant cycle number that
contributes to the practical use of lithium-air batteries.

(3) Future developments:

In order to achieve practical use of lithium-air batteries, it is crucial to achieve a minimum
of 200 charge-discharge cycles while maintaining a high weight energy density of around 500 Wh/kg.
In this project, we have achieved 24 cycles, the highest value worldwide, and have presented design
guidelines for reaching 200 cycles. It is widely recognized that scientific breakthroughs are necessary
to realize the full potential of air batteries, particularly in increasing the cycle number. All major
international players, including us, face this scientific barrier.

However, through this project, we have gained the bases to break this barrier. Firstly, in
terms of the research system, the promotion of team-based research has facilitated the sharing of
knowledge, exchange of materials and information among researchers. Additionally, by focusing on
improving cycle characteristics while targeting a heavy energy density of 500 Wh/kg, we were able to
anticipate specific challenges and propose practical solutions to achieve 200 cycles. In the future, it
will be crucial to leverage this advantage and develop actual materials that embody the "design
guidelines" we have obtained so far.



1. Purpose of R & D (Magnesium Metal battery subteam)

The research and development of rechargeable magnesium metal battery has been performed. The
CO2reduction is strongly required to realize a sustainable global environment. In order to reduce CO2,
arenewable energy should be introduced. There are several kinds of renewable energies. At the present,
solar and wind power energies are most popular among various renewable energies. These energies,
however, depend on season and weather. These are too unstable to introduce electric power grid.
Therefore, these energies must be stored in rechargeable battery before an introduction to electric
power grid. In near future, a huge number of rechargeable batteries are needed. Li resource is not so
large compared with Mg, Na and K. In this research and develop team, rechargeable magnesium metal
battery was developed.

2. Outline of R & D (Magnesium Metal battery subteam)
(1) Contents:

The following research subjects were investigated to produce rechargeable battery with magnesium
metal anode and transition metal oxide suitable for Mg?" ion insertion and extraction.
1. Preparation of thin Mg metal foil (at least 50 mm)
2. Development of transition metal oxides which are suitable for Mg?" insertion and extraction and
discharged and charged at 2~3 V vs. Mg/Mg?*
3.Development of new electrolytes which provide active Mg dissolution and deposition and hardly
oxidized on cathode materials.
4. Development of non-corrosive Al current collector and separator suitable for prevention of internal
short circuit.
5. Development of magnesium metal battery with 250 W h kg™! energy density (This energy density
is almost equal to that of Lithium Ion Battery, so that LIB can be replaced by Mg battery.)
6. Preparation cell with long cycle life which is same with that of LIB.

(2) Achievements:
For target 1. The thin magnesium foil successfully prepared. Mg-alloys were also investigated. Finally,
the pure magnesium foil exhibited active discharge and charge behavior.
For target 2. The transition metal oxide with defect spinel structure and MnO2 have been developed
as cathode materials for rechargeable magnesium battery. These materials exhibited long cycle life
and high energy density.
Target 3 New electrolytes have been developed based on calculation and experimental sciences. It
found that the weak coordinating property of anion was effective for both active dissolution and
deposition of Mg and less oxidation of electrolyte on cathode materials.
Target 4. New current collector and separator materials were developed to suppress corrosion of Al
current collector and avoid internal short circuit of cell.
Target 5. The high energy density was confirmed by using laminated cell. The large discharge and
charge overpotential were also observed. This property should be improved.
Target 6. The cycle performance was improved. However, it was worse than that of LIB. This should
be improved.

The operation of laminated rechargeable magnesium metal cell was realized. This is a very
important result.

(3) Future developments:
In order to improve the rate capability, the cathode materials should be improved based on the
crystal structure. Other materials, electrolyte, separator, current collector and so on have to be brushed

up.



