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Strategic International Collaborative Research Program (SICORP)
EIG CONCERT-Japan Joint Research Program
Executive Summary of Final Report

1. Project title : [Low-cost and efficient sodium-ion battery based on abundant elements |
2. Research period : 04/2018 ~ 12/2021
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Shinichi Komaba | Professor | Tokyo University of Research
Science director
Collaborator Kei Kubota Associate | Tokyo University of Research
Professor | Science management
Collaborator Ryoichi Tatara Assistant | Tokyo University of Research
Professor | Science management
Collaborator | Tomooki Hosaka | Assistant | Tokyo University of Synthesis,
Professor | Science analysis
Collaborator | Abdulrahman Postdoc | Tokyo University of Synthesis,
Shahul Hameed Science analysis
Collaborator | Yusuke Tokita Graduate | Tokyo University of Synthesis,
student Science analysis

Total number of participants throughout the research period: 21

Partner-side

Name Title Affiliation Role in the
research
project
PI Philipp Professor Friedrich-Schiller-University | Research
Adelhelm Humboldt University of director
Berlin
Co-PI Teofilo Rojo | Scientific CIC EnergiGUNE Research
Director, University of the Basque management
Professor Country
Co-PI Montserrat Associate CIC EnergiGUNE Synthesis,
Galceran Researcher analysis
Collaborator | Mustafa PhD Humboldt University of Synthesis,
Goktas student Berlin analysis
Collaborator | Damien Associate CIC EnergiGUNE Synthesis,
Saurel Researcher analysis
Collaborator | Liangtao PhD Friedrich-Schiller-University | Synthesis,
Yang student analysis
Total number of participants throughout the research period: 34

4. Summary of the international joint research
Improving storage devices remains an essential task for highly efficient power storage;
with the widespread use of large stationary batteries requiring batteries with low cost, high
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conversion efficiency, long cycle life, and excellent safety. In this study, we aimed to develop
a low-cost sodium-ion secondary battery using rare metal-free Fe-Mn layered sodium oxide
as the positive electrode and graphite as the negative electrode. In addition to improving the
electrochemical properties of individual cathode and anode materials and electrolytes, and
understanding the electrode reactions, we targeted amenable cathode and anode materials
with electrolytes for construction of improved, operable sodium-ion batteries. The research
teams from Japan, Germany, and Spain, which specialize in the development of positive
and negative electrode materials, electrolytes, and the evaluation of all batteries,
collaborated to carry out this project. The Japanese research team, led by Dr. Komaba of
Tokyo University of Science, was mainly in charge of the development of cathode materials.
Using their accumulated expertise on material composition, crystal structure, and surface
modification, the team conducted research on cathode materials for layered sodium oxide
batteries, and at the same time, investigated the optimal electrolyte for electrode materials
with Professor Adelhelm of Germany. In addition, we fabricated and tested several batteries
with Prof. Rojo of CIC EnergiGUNE Energy Cooperative Research Center, Spain, and
developed a sodium-ion battery that achieves the above goals.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

The results of the international collaboration in this study have been summarized in an
international co-authored paper (M. Goktas, T. Rojo, S. Komaba, P. Adelhelm et al., ACS
Appl. Mater. Interfaces, 2019, 11, 36, 32844). As summarized, the OTf
(trifluoromethanesulfonate) anion was more stable than the TFSI (bistrifluorosulfonyl imide)
anion in the sodium-ion-solvent co-insertion reaction on a graphite anode, and its Coulombic
efficiency (ratio of charged to discharged electricity) was higher than that of TFSI. Our
results were also presented at the 88th Annual Meeting of the Electrochemical Society of
Japan (Presentation #1124) as an international joint presentation and were published as an
editorial article in a special issue of the international journal “Sodium lon Batteries” (Y.-S. Hu,
S. Komaba, T. Rojo et al., Small Methods, 2019, 3, 4, 1900184). As of the end of February
2022, 11 original papers and 39 oral presentations (including 18 invited talks) have been
reported from our group.

5-2 Synergistic effects of the joint research

We co-organized a two-day workshop with Prof. Adelhelm and Prof. Rojo groups (Na-ion
battery workshop, 2018/11/8 - 2018/11/9, Jena, Germany). In that workshop, significant
results of the project were presented and future collaborations were discussed.

We also participated in the 5th International Conference on Sodium Batteries (5th ICNaB,
2018/11/11 - 2018/11/17, Saint-Malo, France), where we presented the results of our work
and discussed future joint research. Apart from these meetings, we accepted doctoral
students from Prof. Adelhelm's group to Tokyo University of Science for one month from
9/7/2018 to 10/8/2018 and 8/26/2019 to 9/13/2019 to promote the analysis of graphite
anodes and layered oxide cathodes. These exchange activities not only combined the
expertise of each group, but also led to a closer collaboration.

5-3 Scientific, industrial or societal impacts/effects of the outputs

Through this research, we were able to not only publish a joint paper as a result of
international collaborative research, but also have in-depth discussions to further progress
our research goals. Such discussions are difficult in other venues, such as at an ordinary
international conference. Sharing this collaboration among research groups with the world's
most advanced technologies helped to expand our international circle, including young
researchers. By making use of the knowledge and contacts gained, we aim to further
conduct future research and developments with a focus on practical applications.
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Structural change induced by electrochemical sodium extraction from layered O '
3-NaMnO2, Journal of Materials Chemistry A, 2021, 9, 26810-26819
DOI:10.1039/d1ta05390f.

11. K. Kubota, N. Fujitani, Y. Yoda, K. Kuroki, Y. Tokita, and S. Komaba, Impact of Mg
and Ti doping in O3 type NaNi1/2Mn1/202 on reversibility and phase transition
during electrochemical Na intercalation, Journal of Materials Chemistry A, 2021, 9,
12830-12844 DOI:10.1039/d1ta01164b.

- B L BEERMEL : FH oM
A=Y

* ZDOMOEEY GHFAWIFET — 2 & oG, FFERLE) R 511
1. Yong - Sheng Hu, Shinichi Komaba, Maria Forsyth, Christopher Johnson, and Tedfilo
Rojo, A New Emerging Technology: Na - lon Batteries, Small Methods, 2019, 3, 4,
1900184, 2019, DOI:10.1002/smtd.201900184.

k T DOMOEEY) FAFARFZFETF — L %G £720 HAAAFIE T — L Ofe, EBFERY) %
e i
1. RYCE, AEEE, BWHE—, S F) DAL A UBEBBI O Y U AL 4 B
A BB g ik o BF 98 &)1, B & (b 5%, 2019, 87, Autumn, 206-212,
DOI:10.5796/denkikagaku.19-FE0020.

2. FRFR

* OEAR T (FHPIBFTET — & & DL HFR)
SR F 2 (5 BIRFRER - 0 1)

1. FREhEE, ARME, Z2RE—, LAAX Ty TIXA T4V v TTANLVA, B
B, [ 774 LAREMIKEET D Na A 4 EEMmEmA IR O &R , &
SALFRE 88 MRS, A T A B, 1124, 2021.3.22-24

2. HIE FEA, R OShEH, AGRE 2, BRI EIEH, 4R W, AARAX Ty AT XA,
T4 Vw7 T—=T NIV, Bl -, [ 7740 AREMKICEST S Na A4 E
L EARH AI203 = — MEREB( OERK) , BEXILTFEE 89 MIKE, 42T A Bk,
2022.3.15-17

* ABERER (MFMIET — L 23 E 7220 HAMINFZES — L DFER)
T FE391F (O BIffRE - 18 1)

1. Mizuki Hamada, "Fabrication of All-Solid-State Sodium Polymer Battery"The 19th
International Meeting on Lithium batteries, Kyoto, Japan, 2018/6/ 17-22, 7~ A % —%&
*.

2. Mizuki Hamada, "Demonstration of 4 V Class All-Solid-State Sodium Polymer
Battery", 16th International Symposium on Polymer Electrolyte, Yokohama, Japan,
2018/6/24-29 , " A X —3EF.

3. s, Mg, Ti THEH L 7= 03 % NaNil/2Mn1/202 O FEME & FEhCE G
FERE) |, 2018 FEERFRMTFRE, A)ll, 2018/9/25-26, MIAFEH.

4. Ayumi Noda, "Highly Concentrated Electrolytes for Aqueous Na- and K-lon
Batteries"”, 5th International Conference on Sodium Batteries, Saint-Malo, France,
2018/11/12-15, R A X —3EF.

5. Shinichi Komaba, "Material science of Na- and K-ion batteries", Na-ion battery work



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SICORP # T#5#E (B - Adelhelm FRiEH)

shop, Jena, Germany, 2018/11/8, HEE¥ .

Kei Kubota, "P2 type layered Na-Ni-Mn based oxides for Na-ion batteries"”, Na-ion
battery work shop, Jena, Germany, 2018/11/8, HEAE¥§Z%.

Tomooki Hosaka, "Sodium and Potassium Insertion Mechanism of Iron and
Manganese Hexacyanoferrate”, Na-ion battery work shop, Jena, Germany,
2018/11/9, HEA¥EE.

Shinichi Komaba, "NaMeO2 (Me=3d metal) for Na-ion batteries", 5th International
Conference on Sodium Batteries, Saint-Malo, France, 2018/11/13, A1 a1,

Kei Kubota, "Electrochemical Alkali-Metal Insertion/Extraction in Hard Carbon", 5th
International Conference on Sodium Batteries, Saint-Malo, France, 2018/11/14,
SHFE .

BFHAR,  [NaFSA 35 XU KFSA Wi EEACREMIR O —IRE A~ H ) , % 59 [[]
whFERL, KR, 2018/11/27-29, HEEFEZE.

INBZEA, TRENEMA~OT VA U BEA A ANEEAE ) | 55 45 [BIRFM BT
DR, LR, 12/5-7, DI,

EEENY, TED7dh% Na(Mn,Cu)02 DERLET MU U AA r—a VR, 5
A4 [E|[E A A =7 AFfames, AUH, 2018/12/5-7, HEASER.

PEARZED:,  [LiNa A A4 > 28 HaiEIC X 5 LINIO2 OA Rk E Li Bt | BRI E
% 86 [nI k=, #U#R, 2019/3/27-29, HEEFE.

e,  [FEik Na2/3ZnxMnl1-x02 D&k & Na Etifrtt] |, dEx b5 86 [Hl
K2z, HAS, 2019/3/27-29, HEA%EE.

Shinichi Komaba, ”Strategy for Advanced Na- and K-lon Batteries”, The Fourth
International Forum on Cathode & Anode Materials for Advanced Batteries
(ABCA-4), Hotel Nikko Suzhou, China, 2019/4/16., #A1#i#1H.

Shinichi Komaba, "On the NaMeO2 ( Me = 3d metal ) for Na-ion batteries”, 235th
ECS Meeting, Dallas TX, USA, 2019/5/27., H#F#HH.

fEER, [T M) UL A EMHA~A 7 md A X Sn GHIEMOIERSM & ER
BERrE 3 21 BUEFEmM R ER I —T ¢ 7, AR aatE G
2019/6/12., HEAGEER.

Shinichi Komaba, ”Systematic Study of Lithium-, Sodium-, and Potassium-lon
Batteries”, Special Seminar, ICMCB-CNRS, Bordeaux, France, , 2019/9/13., M8H%
.

Tomooki Hosaka, "Sodium and Potassium Insertion Mechanism into Manganese

s

Hexacyanoferrate”, Lithium Battery Discussions (LiBD2019), Arcachon, France,
2019/9/17., HEAGEER.

Mika Fukunishi, "Functional Binders for Li-, Na-, and K-lon Batteries”, 236th ECS
Meeting, Atlanta, GA, USA, 2019/10/15., H5#iH.

Shinichi Komaba, "High-Capacity Sodium Insertion Materials for Negative Electrode
of Na-lon Batteries”, 6th International Conference on Sodium Batteries
(ICNaB-2019 ), Naperville, lllinois, USA, 2019/11/6., AFF#H.

Kei Kubota, "Metal-Substitution in O3-type NaNi1/202 Cathodes for Na-lon Battery”,



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

SICORP # T#5#E (B - Adelhelm FRiEH)

6th International Conference on Sodium Batteries (ICNaB-2019 ), Naperville, lllinois,
USA, 2019/11/6., FEHFEZR.

Buypla—, (&M & AR TR I~ 58, — BN B A
RILERIMH = 2019 EFEKMER=E, "TVT T 0 4 7 5UH, 5UE,
2019/11/23., #HFFRTH.

kg, [V 7 M —RUEMA~OY FU L - F MU DAY T LFHABEER
JSDOFA L, 5 46 IR B R FEE, IR, ML, 2019/11/28., HHHFERK.
PRILRE,  TMQO #58N— R — R DF U 7 LA F B EEEE] |, 5 46 [F
RBM B, WIS, M1, 2019/11/28., AEAFEE.

Shinichi Komaba, "High-Energy Design of Na- and K-ion Batteries, as“Beyond
Li-ion”, Le Studium Conferences — Towards Futuristic Energy Storage ; paving its
way through Supercapacitors Li-ion batteries and beyond, Hotel de Ville de Tours,
Tours, France, 2020/1/22., 3437,

SR E, TVFOL-F RV TL - BYTLAS =2 g SHPBOREKRT: - &
SACFHIERIE L BRG], EXUEYRE 87 MIRE, A EBRIERY, 4 HE,
2020/3/19., RfFiE{H.

IR E, VY7 =R EMDOYF UL« FRNITL B TLAL P —T3
R, ERULTRE 87 MR, AR LERY., 4R, 2020/3/19., AEHIEE.
—JEEAY, T 7Y IR NaMnl-xMexO2(Me = Mn, Cu, Zn)D & hk & B4
M), BRALFRE 87 FIKE, 4 d B LERT, 4 HE, 2020/3/19., MEERE.
Shinichi Komaba, "Study of Materials for Next Generation Batteries”, H A{L522%5
100 FHFFE, HEHEBI R HX v /XA T3, 2020/3/23., HFFETE.

Shinichi Komaba, "Higher-Capacity Electrodes for Na-lon Batteries”, 26th Topical
Meeting of the International Society of Electrochemistry (ISE), &%, Keynote
speaker,, 2020.3.29-4.1 (F11), FAFERIH.

OPREEE, JERERE IERRFT RO B FR Li, Na, K A > 2 —0 L —3 a3 VUG,
2020 4FEEE 2 [IBAVETESALFEIIIES Webinar, 42 7 4 B, 2020.9.17, #1F
Shinichi Komaba, ”Sodium Insertion Carbon Materials As "Beyond Li-GIC 7,
PACIFIC RIM MEETING ON ELECTROCHEMICAL AND SOLID STATE SCIENCE
(PRIME2020), HAWAII(USA) # > 7 A > [ {#, Invited talk, #A03-0559,,
2020.10.4-9, HAfFaiA.

Kei Kubota, "Binary Metal-Substitution in O3-type NaNil/2Mn1/202 Cathodes for
Na-lon Battery”, 45th International Conference and Expo on Advanced Ceramics
and Composites (ICACC2021 Virtual) Archive, 4> 7 4 B/, 3505248,,
2021.2.8-12, HfFafl.

DAREZE, VFULF N T LB UL, A BEMOEBMEEREE, 40 [
IR wACEMAEWITE S, 42 T4 VB, 2021.3.11, #AFF#HIH.

DAREE, VF UL - T FY DL 0D U LRI T 5 ERs: & Bl
7, BRULTFRE 88 [k, A7 A VB, 3H10, 2021.3.22-25, fATFEIH.
BpiE—, S RNV O ABLXON Y v Ag oY —va UHEIOBRILE: L EEBISH,



SICORP # T#5#E (B - Adelhelm FRiEH)

2021 FEXULFRAESHFEFRE BFER, Ao I9A40I—-T 427,
2021.05.28, {AFF#H.

38. Shinichi Komaba, Azusa Kamiyama, Kei Kubota, Daisuke Igarashi, Ryoichi Tatara,
and Tomooki Hosaka, Li-GIC #7957 bV o AL A B R FEHEIO B,
%406 EIEMBINER S, A T4 =T 4 7, 2021.06.25., HFHEE.

39. Shinichi Komaba and Kei Kubota , Layered Na-Mn-O Materials: Polytypes and
Compositions, International Workshop on Sodium-lon Battery, Online Meeting,
2021.11.24., BRI

RN AL —3ER (FHFATETF — L & OFELFER)

RFEME F o1
ML

kRAL =K FHFAFET — L %25 £ 720 ARRFZE T — L DFER)
FERAHEL - B 12 1

1. BRFE, T8k X BRI 4y ei5 % AV 72 O3-Na5/6Fel/2-xMn1.2Mgx02 (x = 0, 1/6)
DFEHCEAE ORI |, ST R SR &2 ¥ — iR RS o, 1§, 2018/6/16,
AL =R,

2. Azusa Kamiyama, "High Capacity Hard Carbon Synthesized from Phenolic Resin for
Sodium lon Battery”, The 19th International Meeting on Lithium batteries, Kyoto,
Japan, 2018/6/ 17-22 , IRAL —FFK.

3. Naoya Fujitani,"High-Potential Electrode Performance and Reaction Mechanism of
03-NaNil/2Mn1/202", The 19th International Meeting on Lithium batteries, Kyoto,
Japan, 2018/6/ 17-22 , IRA L —FFR.

4. Mizuki Hamada, "All-Solid-State Polymer Na-ion Battery P2-Na2/3Ni1/3Mn2/302//HC
cell ", 5th International Conference on Sodium Batteries, Saint-Malo, France,
2018/11/12-15, 7~ A X —3§F.

5. Naoya Fuijitani,"Impact of double-doping with Mg and Ti in O3-type NaNi1/2Mn1/202
for Sodium-lon Battery", 5th International Conference on Sodium Batteries,
Saint-Malo, France, 2018/11/12-15, 7~ A % —%&%%.

6. Kazutoshi Kuroki, "Impact of Zn substitution on O3-typeNa5/6[Ni1l/3Mn1/2Fel/6]02",
5th International Coference on Sodium Vatteries, Saint-Malo, France, 2018/11/12-15,
RA K —FEEK.

7. Azusa Kamiyama, "High Capacity MgO-Template Carbon for Sodium-lon Batteries”,
6th International Conference on Sodium Batteries ( ICNaB-2019 ), Naperville, lllinois,
USA, 2019/11/6., "N A X —3EZ.

8. Takasumi Saito, "Effects of Carbonization Temperature of Needle Coke on Structure
and Electrochemical Lithium, Sodium, and Potassium Storage Properties”, 6th
International Conference on Sodium Batteries ( ICNaB-2019 ), Naperville, lllinois,
USA, 2019/11/6., "N A X —3Z.

9. Naoya Fuijitani, "Origin of the Enhanced Electrode Performance of Mg and Ti



SICORP # T#5#E (B - Adelhelm FRiEH)

co-substituted 0O3-Type NaNil/2Mn1/202 for Na-lon Battery”, 6th International
Conference on Sodium Batteries ( ICNaB-2019 ), Naperville, Illinois, USA, 2019/11/6.,
WAZ—FEER.

10. Mika FUKUNISHI, ” Comparative study of electrochemical behavior of micro-Sn and
nano-Sn negative electrodes for Na-ion batteries 7, MATERIALS RESEARCH
MEETING 2019, #ifs A7 Mk, 2019/12/12., RNA X —3 3.

11. Naoya Fujitani, "Impact of metal-substitution in O3-type NaNi1/2Mn1/202 for Na-lon
Battery”, MATERIALS RESEARCH MEETING 2019, #ii& s v R 7 | # ik,
2019/12/12., R A X —3EZk.

12. Azusa Kamiyama, "Phenolic Resin Derived Hard Carbon as Negative Electrode for
High-Energy Sodium- and Potassium-lon Batteries”, MATERIALS RESEARCH
MEETING 2019, ki AR 7, ffik, 2019/12/12., KA X —F K.

3. X LETY— T av S I F—  DURTVTLAEORE
AV

4. MERFEDOERE (EBERER)

[V—2 a7 HFBME] 2018/11/8~2018/11/9, Na-ion battery workshop ~ Germany,
Jena, Friedrich-Schiller-Universitat Jena.
HFEIAFZESETH 5 Prof. Adelhelm 7 /L—=7"3% L OY Prof. Rojo 7 /v—>7"'& 2 HfiZi7= - T
U—rvayZEREL, F7 =T ORRERL KOS % OLFEZEIZONTOI HE
O EFE LT,

[5" ICNaB & nds L OME[FRIAFZEFT &A1 ] 2018/11/11~2018/11/17, 5th ICNaB, 7 7 >
A, P r~nu, Hotel Le Nouveau Monde
FROU—7 g v 7RI E S RIS N U AEMERESRICILRFSEE O Prof. Adelhelm
T N—T78 X O Prof. Rojo 7 /v—7 & 2SN L iR KIS L OFRIFIEIZ OV TOIT S
G E S L,

[2#4 - BFFEE OIRE. ZA]
2018/9/7~2018/10/8, Prof. Adelhelm 7' /L — 7 X 0 i L3R DA % 1 » A OB R K
IR ANT, BIREMO ST 2 HEE LT,
2019/8/26~2019/9/13,  Prof. Adelhelm 7 /v — 7 L v i+ D4 % 1 4 A ORI H PR
BIRFAZZ T AN T, BREAE IEAR D 587 2 HEdE LT,

5. FRFEFHHRE
AIFFT AR AR RS 0

6. 2K - HHBES

=% H]

—

FORERL R BHATE R E, ARHE, 2019/3/13.

BAULFRFINE, BiE—, 2019/3/28.

ek 31 A EERL RN 70 B O ST R REL R - BFFEER, BudE—, 2019/4/17.
1st Place Poster Award, ##[Lif%, 2019/11/6.

Highly Cited Researchers 2019, B —, 2019/11/19.

2020 FEBRALEAESE (EHE) , AREE, 2020/3/18.

H AL 25 37 BIFTE, BudE—, 2020/3/23.

Highly Cited Researchers 2020, 18—, 2020/11/18.

©ONo kN



SICORP # T#5#E (B - Adelhelm FRiEH)

9. ERILFE 2020 4 FEM X T v — RECENERSC (BESNL), AR, 2021/1/23.

10. BRALFE 2020 4 - #E5 AR EAGRSC GB—05) |, BuiiE—, 2021/2/4.

11. BRALFE 2020 4 - Higegh o AR BAEe s GERAD) |, BudiE—, 2021/2/4.

12. Highly Cited Researchers 2021, Bt —, 2021/11/17.

[#E]

13. BTN, RAEEHME, 7 |, A X a2— T RITLALHY ULTHEEM,
2019/1/31, BaiiE—

14, WRER, [RKEkzHES OF RNV oLAEMm ~ VFUvAaAfFrEMEREZ T,
2019/11/18, BuiE—

15. " HHM, Sl 7 A2 AARE @F NV vLaEl ~ UVFvsAfFrEmzs
#z Tl ,2019/11/19 (¥ 1), EyifiE—

16. HAMKRFHM, o EE~FEm= 2 M TRBEB R L - GRS |,
2020/11/22 (F#ATI), BusmiE—

17.  AARGEHM, EMmoEEm [V F 7 A0Ww] SEig | 2021/1/12 (7)), B
SrlE—

18. JSTnews, 202143 A5, pp.6—7.,2021/3, EE—

19. HARRFHE, 7 hU T AL A EM LT A XVNREZ, 2021/12/17 (FT), B
SrlE—

7. FDfh

B — 7N —T O E L T—RAE
(BFFERR © F R U U LA A MO E LT LG — R )
JST news, pp.6-7, 2021 43 H &

Bl —

[BUEDHBIMOME L RIRT 2 [ o&E] OB

M~A iy FRSBIEREE] | p. 149, 2021 4 6 /]

PR RIA AR 2 08 U 72 BRI & 3, @R DG ORFRIIAE 9 B O T2 D8 E
Bt

[~ F Y] HP N T THRDZ XV F—FF2dET 5, WA OZEEMZ I
T5) LLTRIMESNTND.

URL : https://shingaku.mynavi.jp/gakkou/754/sm/



