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Construction of dual-carbon batteries based on their reaction potentials
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In this study, the compatibility of ionic liquid (IL) electrolytes and

graphite positive electrodes was investigated toward the development of dual-carbon batteries
DCBs). The FTA-based ILs were found to exhibit superior performance of graphite positive electrodes.

In the case of FSA-based ILs, the performance was largely dependent on alkali metal cation species
contained in the IL. In particular, extraordinary anion intercalation behavior was observed in the
Na[FSA]-based IL. Finally, K[FTA]-[CAClpyrr][FTA] IL was selected as a promising electrolyte for
DCBs, which conferred moderate performance of a graphite/graphite full-cell. The achievement in this
study indicates the feasibility of safe and rare metal-free rechargeable batteries.



¥ X C—19,. F—19—1, 2—19 (58

1. #FIERIA S D =

UF 7 b T REMITHERT BT PC 2 EO/NIE A AERE LTRSS HLLTE Y, IT4FE
TIIERKEBSESCEEMA R EORBARICH L THEADNEALTWS, —JF, BITo ) F UL
WM BRI 7R 2 9 D AREIEEE, ERICHDVERTH L a L hMER S TEY .,
UF 7 NERG KR CITRIELTWD, FD7-, KINEBmO KBS KI5 LTix, 2tk
SLEPFHREBOV AT WEIEELE D, ZOX I REENS ., FEARE T 2 F CEMIK %
PRYED A & R, BRHEAREZEENE TR T N T ARH Y U AICE S W2 R IR E B
DOIfFEZ T C& Tz, —FH T, EMMEHZOWTIX, 27UV FPSMC b= F AR ED LT A H
NWEH LIRS 202, BIRARE U A7 ORTENRE TE TV Db Ty,

Z ZCAMIE T, IERMRW T I IRBEM BN eT 27 VA —R EIER Lic, 727
L —iR BRI, —ARICBBA CER I T4 v OFE ARBLEE, ERRTT =4 > O ALEES
T, LT AENT Y —ThHDHERIFIC, 4V EOEWERE N ZRTZEDFFETHDL, —F
T, IEMOIEENENL D B\ T2 I, BIEK OB EITESCEBRICH WD TV =7 LD R
LD, THETIC, ABIAIEREMIKZ W= T 2 7 V1 —R U EBMOE N M Thh TE -
N, 7T 774 MIEBA~OERIRBEOISFANC LD 7T 7 74 MEEORREE, AT R KO
(L EMEDORBENRET BN TND, EHIZ, Wbwbuayx 7 FoTRLEIND Y F 7L
WEME R, BRERICEMRKTODFF L T =F OGN HESND ) P —TROE
MThHDH7D, BFEFICEMEEN S BEFEL TWDIRERD D,

P EOW NS, BEKE L TA AU RIRERE LT, 44 VRIS ER(LFENEE
PN DIZT T, B FF T =F v OBNLRER SN D120 AN E R 5
EIAHET D, Thbb, iR THDH LRRICEBMRE TH D, TDD, FETICEMR &
R NS 3T D BATHR O 2 B T & 2 fREMEDN B D, ABFZE ClE, B REICEND
T RRAAVRKICER L, 7T 7 74 PEBFHEETEND L L bic, 72T Ak —R i
DIEEE AT,

2. WHEOHB

FRENEAT DT 2T NI —RBMERET -0, BTV VE&ERITA VB X
T =4 2G0T D4 4 R EMREIZHANT, 777 74 NEWOFEERMEZ T8 L.
PREZ KT 2 BEROMHAZ B E Liz, £/, ALREMEZ AW, EAMIZZ T 7 74 b
AW VeV ERE L, BHRERREE R,

3. WD HE

BREE & L C., M[FSA]J-[CsCipyrr][FSA] 3 X T8 M[FTA]-
[C4Cipyrr][FTA] (£ /L7553 x(M[X]) =0.20; M =Li, Na, K; X =FSA, -
FTA)Z V7 (X 1 B, (AL 25275774 b O, N_ R
WX, 77774 MR Kk 100or3um), EEHA] (7 & /S\/ \/S\
FLvT Ty r), fEEA (CMCorPVAF) % FEDE & TRE 9% o F
L, AlEL LIZ Cuf FICB T35 2 & CER L7, xHilc FSA-
77 &g % H T2 M/Graphite =L (2032 Bl o1 >
T b L Tm s BRMRICT VLY &RE AV =t —-
VEREE L, RMERREIT ST, o) o)

4. BFIERR 2 W \,c/\F
(1) 77774 biEtRRe: F
kRO 6 FFEOBME ISV T, M/Graphite ML D F FTA

HeERHEZ 298 K IZBW TRz, EMEEIZ20mA g &L

T, X 212 FSA 52 A A ik % T2 BE 0 Fe Ji d sk Bkt R 2 1k \\+/R

T, M=Li,K O34, #IRFKEFREZE 60mAhg ' FEETH > N

7o, S A 7 LV OMERREIZ30mAhg ' BATFIZE EE o

2o —7F. M=Na O#4. 80mAhg! DB ENELE L TH

BT, I, WFRERICBIT DAERM &2 R D 728 X BRIET

(XRDY T Z21T o7, £ DfEFR, M=Li,K OEMEZ A5 CnCypyrr*

Blx, 777 74 FOBMEREdy=3.35A)5, FSA 7 =4 (R = CrHasq; M =3 0r 4)

DIRANSINT= 7 T 7 = VMR d) 235 8.0 A L 72 2 ¥ Tk . o

L. 77774 MEM{tA Y (Graphite Intercalation Compound, L A A AREOHEA,
GIOZH L CWD Z LN ghot-, & Z AN, M=Na OEfiE

BOBE, BONEEH AN =N di=80A LR EIICRBTHZENTET, d>9AD
GIC RN R SN DR Z -, ZOHIZOWTIE, S%FEMEZ T NENDH 5,



(8 M=Li (b) M=Na © M=K

55 55 55
50t 5.0 501 —e
< et < 2 —2nd
o 4.5 —1st || © N —
& —ond g 45 % 45 5th
S —5th S =
240 1 Z 40 > 4.0
© © T
8] 8] I5]
35 35 35}
30 . 4 30 1 1 30 1 1
_50 120 0 50 100 0 50 17(1)0
Capacity / mAh (g-C) Capacity / mAh (g-C) ™ Capacity / mAh (g-C)

2 M/Graphite /L0 F A BUBR S B, FEARED: MIFSA]-[CsCipyrr][FSAL

(@ M=Li (b) M =Na (c) M=K
55 r T 55 T T 55
5.0 5.0
> > >
§ % 45 % 45
S 2 >
3 = 4.0 3 4.0
O (@] (@]
35t 3.5
3.0 v - 3.0 L L 3.0 L .
0 50 100 150 0 50 100 150 0 50 100 150
Capacity / mAh (g-C)' Capacity / mAh (g-C) ™' Capacity / mAh (g-C) ™'

¥ 3 M/Graphite & /LD FE BB R, FEME: M[FTA]-[C4Cipyrr][FTA],

W T, FTA A A U IKIC DWW TS, FRRICZ T 7 7 A b IEMMEREZ 31 L7, X 312 D
RETT, M =Li OHEITOCE &R DR SR, 2EIIET v s ) EEofEEIC &
OPLE LT EREZ L, 90-100 mAh g! OERENE LT, HFEERO XRD /04T
TIL, WTFNDOZTH di~8.0 A D FTA-GIC ICHET A8 Z2 — NGS5 T-,

DX RMREOEWEALETEREED -0

2. A COBMEIZHONT Al ERRBRE (T8 2 20 - '

%, FSA JRITHAT FTA A A EIET Al ERE g€ 20 ]
WMRN/INENZ ENghote, £To, FSA RA 4 UK 2

EOHFTIL, M = Na OEAIZRRIC Al ERET ¢ 15 T
PWINShotz, LERST, 75774 MERHE =y ]

1T AU EEBCKRE KAFT D 2 Ly hote, & £

To. 777774 b~O FSAB X FTA 7 =4 4 O] o I 1
NFENL % el % 7=z, ke L& il CHIlE . , |

L, 7=k BETIKRE L, M4 ITRT LT, 0 50 100
Na[FSA]35 & U Na[FTA]S . [AFLEE OB CIEh capacty /mAn (¢:C)
BRENEEL, BT T 774 NEBICF#EMZE K4 =Xt rzHnWier 7774 b
1.8 V vs. Fc'/Fc (Fc = ferrocene) it D FEHE T 7 h—I% AERR O Fe fif e G S

IFTEER > T\, 75, FSA-GIC & FTA-GIC TEM#'E : Na[FSA]-[C5Cipyrr][FSA],
OFERITIEIER CBEMTEZ D Z & DR STz, Na[FTA]-[C4Cipyrr][FTA],

(2) 77774 bERRHEB LT = 7V — A a5
77774 NEMEEHEOE RS KFTA]-

[C4Cipyrr][FTAlA A ik & A L7 EfRE & L T

E L., Al N—7 'L L7 L' VRO RN

7z, X512 K/Graphite i+ > &1 313

K. 0.5C L'— k(= 139.5 mA g )NZ BT 5 FEhE AR

fERZRT, PlEY A I BT A EREL LV

7 —n URFRIL, FAEI 245 mAh g B LT 85%

Thole, EDH%. 50 P A I NVEBAT-L ZAND,

Cell Voltage / V

EAICARIT T AR SN OO, 100 %4 7L 0 G000 300
#%TH 229 mAh g OHERREMERFL T, F Copacty ImAn

122 100 A 7 M=o T ) 9%y —m gy M5 777 7 A b AMRHERBRAL R,
RET LI TE ML K[FTA]-[C4Cipyrr][FTA],



5.5 T _
5.0F 3 E o
r —1stch 1 g
S EEeEd] o g
< E ] & 5
o 45 = z g_
g 3 E - 5
S - ] = e
2 4'0: ] > 3
] [ ] £ )
© 35F 3 g <& Discharge 25 5
[ ] 3 A Efficiency =
30: A R ) T P T
T 0 40 80 120 0 25 50 75 100
CapaCity /' mAh (g'cpositive)_1 CyC|e Number

X 6 Graphite/Graphite 7 /L& /LakBRiE R, FEMEE: K[FTA]-[C4Cipyrr][FTA],

777 74 NAWMOREGREEZ N9 5 720 ARE R FTEERRE CEMZ B H L, XRD
I EAT STz, FEERHCE W T, AT —V 3(KCs) — AT —V 2(KCa) — AT — 1 (KCs)D
JIEC K-GIC MR 5 2 & &l L1z, F72. K-GIC k& AT —UHEOMGEN L, AT —
T4 U EOREAT—VMNCEBT DHENEEDOENEELE L, BEBREE BB CHE(LEHE)
WCEAT UV ARHD Z EbahoT,

B %12, K[FTAJ-[C4Cipyrr][FTA]A A R IR EME % FV 7= Graphite/Graphite 7 /L& /L 2 4L
L. 298K BLIC L— h=100 mA g HNZBWTHRBMERBREZIT -T2, M. ZLrELICBITS
BMEERL LOFRRIL, ERJO 77 7 74 NEEHTZY O TR Uiz, BB RZ X 6 1277,
R ONEFEREMBED S K 4.4 V OFEEBER LUK 80 mAh g ! OEREEZ R LT,
FHEO@EY . FI# 20 14 7V TEEBR TR GNTZN, ZD#%IE 100 Y1 7 /L H E T 60 mAh
g U LOMEEELRD, FH 7 —u U #IT983% Th o7,

P ED X2, R TIET 2 7 —R EIMO 7 Ve U EREE CIMEICE 72720, —ED
MRS OLNT-EBEZBND, —FH T, @MEMIZBIT S AIEREZZE2IZITMmA o TN
&R0, BURTIIAREMICENIZ2 FTA 2A AV EE AW b 2o, ERE W BLETIESE
< OFENE - TWD, 5%IL, REAEEICL D RS T 2 fEEDOH D FSA RA 4
WIRZAWT, ERi ORI Z FERICT 2 BMEROBRENLELEZ LD,



4 4 0 4

Takafumi Nikaido, Alisha Yadav, Takayuki Yamamoto, Toshiyuki Nohira 170

Comparative Study on Charge-Discharge Behavior of Graphite Positive Electrode in FSA- and FTA- 2023

Based lonic Liquid Electrolytes with Different Alkali Metal Cations

Journal of The Electrochemical Society 20526
DOl

10.1149/1945-7111/ach8e7

Alisha Yadav, Hironobu Kobayashi, Takayuki Yamamoto, Toshiyuki Nohira 91

Electrochemical Rubidium Storage Behavior of Graphite in lonic Liquid Electrolyte 2023

Electrochemistry 17002
DOl

10.5796/electrochemistry.22-00122

Takayuki Yamamoto, Alisha Yadav, Toshiyuki Nohira 169

Charge-Discharge Behavior of Graphite Negative Electrodes in FSA-Based lonic Liquid 2022

Electrolytes: Comparative Study of Li-, Na-, K-lon Systems

Journal of The Electrochemical Society 50507
DOl

10.1149/1945-7111/ac6ala

Takayuki Yamamoto 90

Next-generation Rechargeable Batteries Utilizing lonic Liquids and Various Charge Carriers 2022

Electrochemistry 101005
DOl

10.5796/electrochemistry.22-00073




18 4

Alisha Yadav

90

2023

2022

Alisha Yadav

63

2022

63

2022




2022 2

2022

Alisha Yadav, Hironobu Kobayashi, Takafumi Nikaido, Takayuki Yamamoto, Toshiyuki Nohira

Potassium-based Dual-Carbon Battery Using FTA-based lonic Liquid Electrolytes

The 13th International Symposium of Advanced Energy Science

2022

Vol. 1.

2022

89

2022




FSA FTA

89

2022

Alisha Yadav, Takayuki Yamamoto, Toshiyuki Nohira

Potassium storage behavior of graphite negative electrode in FSA-based ionic liquid electrolyte

89

2022

Alisha Yadav

K[FTA]-[C4Clpyrr][FTA]

89

2022

Charge-discharge behavior of graphite positive electrodes in FTA-based ionic liquids

11

2021




Alisha Yadav, Takayuki Yamamoto, Toshiyuki Nohira

Graphite as negative electrode for potassium-ion batteries using FSA-based ionic liquid electrolytes

11

2021

Alisha Yadav

Electrochemical behavior of graphite negative electrode for potassium secondary battery using FTA-based ionic liquid
electrolyte

11

2021

Alisha Yadav, Takayuki Yamamoto, Toshiyuki Nohira

Comparative Studies on Graphite as Negative Electrode for Alkali Metal-lon Batteries Using FSA-Based lonic Liquids

The 12th International Symposium of Advanced Energy Science

2021

FSA

89

2021




Alisha Yadav, Takayuki Yamamoto, Toshiyuki Nohira

Comparative studies on graphite negative electrode for alkali metal-ion batteries using FSA-based ionic liquid

89

2021

FTA

89

2021




