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Replacement of rare metal oxides-based positive electrode materials used in recharge
able lithium batteries by redox active organic compounds
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Using a series of redox active organic compounds, instead of rare (minor) metal ox
ides, in rechargeable lithium batteries is a way to alleviate the resource problem. To realize such organi
c rechargeable batteries, the development of a high-performance organic active material, which satisfies b
oth of high capacity and long cycle-life, is indispensable. In this study, we evaluated several organic po
sitive-electrode active materials based on the benzoquinone skeleton, and found a correlation between the
cycle-stability and the solubility in the electrolyte solvent. In particular, the introduction of small po
lar ?roups was revealed to be an effective way to improve the cycle-life performance of organic active mat
erials without sacrificing the discharge capacities. The obtained experimental results will contribute to
the development of a new organic active material that can tolerate many cycles.



B X C—19, F—19,.
1. WFEBRAES IO &

WD R — 5 7 )VEEZR O KAZHE, IR
ELTOBEBMA~OERNEE Y, FTHLHEK
DIKFE ZIREM &l L TRV T R ¥ —
BELHTH Y F 7N REMO TS NIE
KLTWD, ZO—FTYF UL REMZ
XL EDOL T A ANMEDNTED, KA
MESRLHE 72 5 & OYERZHA TS, VT
AZ NN EICHEH STV DB IE=
2N REEY F 7 ALICoO) I RFEENHTE
WA EIHIEWE) TH 5, MiZii=y 7Ry
F 7 ALINIQ) R~ > H B Y F U A
(LiMn204), FlzhbiHAEDLEZWD
W 5 = e %M BHLiINiysMn13Co1/302) 2 73 FB
WHENTWAD, LT A ZLERER 0T
H Y, BEIRHIHFI OB B H EOEMS
MBI VB L STV 5D,

Z DM B O — sl & L TER b= ITiE
PR G EI AR T Bid, LT AX LV ER
B2 R WAMMEI ZIEmE & L
f%wé & TEIRAIHIFRI D & O R LA A]

HEL 72D RIZ, ARERMEHI RN & 1
%%ﬂw&MCﬁﬁE#ﬂm?%mﬁ,%@
DEBEIC LSRN D, LLand, #
HEINTWDLHAEREMMEIOFTH, &%
O H OITHFMEEL W&%@zé%A#
%<, mREPOREFM @Hﬂmﬁi
N ETRN, EDTW, il ks %o
WEAMEIBR AR b T 5,

2. WFEOBE™

EFEOIT, BRIV Y X UHEERNER
wEOEMMELE L THEET D22 2 RHL,
WELTCWD, AWFFETIE, AHEMEZER
-HRE-ART AT, BB LTOR
PERELZ B4R L, [FIRFCREI 2 b 20T
EMEOMAZ B L Lz,

9 DMBQ : R=-CH,
Op DEBQ : R=-CH,CH,
DPBQ : R=-(CH,),CH,
Ro DDBQ : R=-(CH,),CH,

o

o X

‘O DHNQ : X=OH
DHNQLi : X=OLi

S ST g Py g N

AQ AQ-dimer

o= OO —0y

AQ-trimer

4 1. ABFFETHW IS A IEDE,

Z—19 (&

i)

3. WD HiE

B L LT, K1IR LI b A A
L. Mo DMBQ <° DHNQ, AQ XA
Li=bDEZFOE LRV, ZOMOLEY
IXFIEICIENERR LTz, AREmE L EEL)
AT EF LT Ty 2)E kO EHA
(PTFE) % & 4:5:1 TIRA L T — M2 1E
WL, TVI=ZU LAy aEss L TIEMR
E LT, AWMZY FULEEEASL—F—(C
HTAT 4 NVE—% o URIEE
(IEC R2032)Z{EHL L, FelixdEFrit 4 1AM L
775

RO SHTIZEE L CiX, PrEDFIKE
AR T2 BBO OIS E A L, o R
RIZHONTC, BRI & T TLa
BOEFZRE LTz, B RO(E5iRE &
PR AEREL 2 bl 95 Z & C, LiREZH
H L7,

D ES

()7 axs Xy ) HIZBIT STV
XNIOE X LY A 7 VFmOMBEN:

MBI L7 ABRIERM B TH 5 VA
¥ _uy*/ (X1, DMBQ®OT L=
FUEOHEAETE I -FERCK L,
DEBQ, DPBQ, DDBQ) % &k L, A 7 /LfE
PE~ AT T RBEE BT LTz, AR LToFEME
RV EmOPEMEMRE X 2 17T,
2B DA 2 B O BN & A

35
3 30 ¢
5
» 25
> r
> L
ﬁ 2.0 T
®
5 DPBQ DDBQ DEBQ DMBQ
1.0 ‘ ‘ ‘ ‘ ‘ |
0 50 100 150 200 250 300 350
A&, mAh/g
I2 Taaxs Xy ) HEE RN
7o BERR DRI i R
120
100 | 5
< 80 1 %°©
m. I
@ 60T

40 +
20 +

0 5 1‘0 1‘5 éo
HA OB

X 3. T/axI V%) R RN

T2EBBOY A 7 VEE, [BER O L

V5]



LB T 2 LN %L, 2 BTBE
DOELEITLEHZ XML TNDHH D EE X
bILD, ZIHDLEME W ERO YA
I NVHHEZE R LT=DOMNK 3 Th D, Bk R
D BRI~ DRV 2 JE L7455, DMBQ
DIE R BIKL, HKIEE R L7ZD1X DEBQ
T & o 7~ (DMBQ: 0.6 mg/cm3; DEBQ:
1.0x102 mg/cm3; DPBQ: 2.5x10 mg/cm3;
DDBQ: 1.0 mg/cm?), 5% 5 V- IRfRE & A
INVENERBEF L= L 2 A, FABHITITAEE
DD N0, RSB RO B
~DOERfEMEE T2 Z L EmROEFm
WXL TADTHD L2 RIS,

(2)A A HERE A LA F T by /) viH
Ko EFHFmib

AT —<TIL, A AU PEEHRIEOE A D)
REemptLiz, &8 51%, LI, A4 HE
Badi b L C ALK F— FH(-SOsNa) D E A
DY A T IVEEDUGEIZ D H D Z %

HLEN, ZndRx— ML FERPREL,

FD®, RENNSLKRDHRAEDRDH ST,
T, AR, Lo/hsnAg Ao mEEET
2 E LTV F LT =) T— N ER
L7, BERMICIEY e FexsF 7 hx
(X1, DHNQHB L OZED Y F 7 L (XK 1,
DHNQ-Li) D bl 247 - 7=,

4
3f DHNQ-Li
¢
>
o
i
0
0 100 200 300

MEAE, mAh/g

X 4. Taxs X% ) AR AN
7= EBMOE B, [(BERLOL
v 51 H]

DHNQ-Li

0 50 100
HAILE

X 5 7TAaxiNXuVE ) R AW
T2EMOY A 7 VR, [HBERLO X
v 5IH]

X 4 1 IHEIOKEMRTH 55, DHNQ
£V DHNQ-Li O NPRENVEEER LI,
P A 7 VEEIZEE LTk, DHNQ OicERS &
TV A7V EERND EAMICIKETTS 2L
(2% L, DHNQ-Li TlXtbikiyzeEssy-A 7
JLEEPE NS S L, 100 A 7 v
200 mAh/g DEFEZHEFF L T o, IEWE N
A F UM IR o722 & T, EBRIR A~ DR
DEIENTAR L2 & 2B LTV D & &
%2 b5, DHNQ-Li I2HoWTELN-AR
%, EHELNUANCHE LI-EHEMEWE T
HHA LT A TN D 2ERVMETH S,
DbEXY, HFEO/NSNA A o PhE I A
AT A LT, BROEARELEEHML
DOWSLT DI ENARETH D Z ENREN
775

3)AFY I~— kit X BT FIX ) UFHE
Ko EFHmik

B HAFL OB AR L3RS, B s e iE
A FOAY I~ —(LR3 A 7 VR K
FTRELRF LI, K7 —~TlX, LR
EEATLHX ) O THDLT VU FTF
v (M1, AQ © - BARBIO=Z&FK (K
1, AQ-dimer, AQ-trimer) ZHHIZAAL,
EWE L L COfMEEIT-> 7o, — iz, R
~—{bLEIT ) LEREOK TR, TEIC
B D ENMN PO N A 5D 2 &n
2\, —F, AV IA~v— kBT, £0
LD BTN S o, 61T, HTEN
BN 21206, A 7 VERE S ScEE 9 DR
MR BT, BRI 8T, 50 A 71
OENZIFE A EHBITR N D> 7-(X 6),
ZD XS, ERIEMEHAOA Y I —(kiT,
MERBEEZETFTSEDLZ LR A 70 4E
PrmbEsEs ETCHEBTHD Z LA
S,

N
w
o

4 AQ-tri
Em 200 T UIH([(([uul(r{[(uu:l(r?(e[rununrr
< A Ty
E 150 +% by
zﬁlz Foy g AQ-dimer
S -
[ R .
50 +
3
0 10 20 30 40 50
HAOLE
6. 7 TX A A=
RO A 7 VR,

(4)% 7 VHHOBWESIZEDY VF 7 LA 4
> DZEEN D fiE I

T FERERE DFENT CEE /2L DD —D|Z
BATFED ST R ZFET b D, FRIEEIEY
BOWAL, T =F 2 OWjE-ftHic X 5% A
TNV FOLEDDTF AL OHADICLD



B A TIERFET DHERNDH D, BEROEHE
B EHZ B W TIE, FEERERIZK T DY
FULAAFrOBEETRES T EZE0
DOHEFEITIRE SN TV o 7=,

AE, U F T AL T DERICTERS IS
HECLI-NMR) 21T 2 M A DO FiEEBE L,
BHEIRO ST 21T 7=, Z 2Tl {bEY
& LT DHNQ-Li # /-, FrEDFRIEL
RT-BEMNOHE LW D Y F v LA
VB A NMR O A7 M VR ) & HH
LR AIK T THh D, 7(b) 17 1%
DHNQ-Li OFHMEIZFED, 1 4 7Ixi LT
UF T LA TN 2006 4 D TEIK ERE
LT NVERLIED, ZOFTVOZEE%
X 7@ TITAERTEL WD, ERTEL
7= F D %) LT L ozEE T X <
H-oTHY, DHNQ-Li OFMEIZLE, U
T T LA TRy~ TZZNE > TWND
RELAAS B Tz,

(a)
0.10

X BTN O R

HEKE 2EEHME

X\ ,x.

0.05 -

2EERE

& R D LR EE, mol/L

_— DERE

0.00

& 1) B @ &)
E

(-2e, -2Li*)

4 7. DHNQ-Li EMOFHKEICLIT S
EFFAIAD 25, (a) TLi-NMR % v 7=
DHNQ-Li BN DV F 7 I A A LR

DEALORTE, 6 X OMAE S5 Fh
BOET I, [FEERHXOLY 5]

5. LR
(BFFEfREH . DFTRAy L R ORI 41
A

UdEssamsc) (BH210)

(DMasaru Yao, Tatsuhiro Numoto, Miho
Araki, Hisanori Ando, Hiroyuki T
Takeshita, Tetsu Kiyobayashi, "Long
cycle-life organic electrode material based
on an ionic naphthoquinone derivative for
rechargeable batteries", Energy Procedia,
in press, fracA.

@ Masaru Yao, Hisanori Ando, Tetsu
Kiyobayashi, "Dialkoxybenzoquinone-type
active materials for rechargeable lithium

batteries: the effect of the alkoxy group
length on the cycle-stability", Energy
Procedia, 34, 880-887 (2013), DOI
10.1016/j.egypro.2013.06.825, it h.

(r=3R] GE31h)

(D Masaru Yao, Hisanori Ando, Tetsu
Kiyobayashi, "Redox Active Oligomers
Synthesized from Anthraquinone for Use
in Rechargeable Lithium Batteries", 17t
International  Meeting on  Lithium
Batteries (IMLB2014), Jun. 10 (2014),
Como, Italy.

@ Masaru Yao, Tatsuhiro Numoto, Miho
Araki, Hisanori Ando, Hiroyuki T
Takeshita, Tetsu Kiyobayashi, "Long
cycle-life organic electrode material based
on an ionic naphthoquinone derivative for
rechargeable batteries", 11th Eco-Energy
and Materials Science and Engineering
Symposium (EMSES 2012), Dec. 20 (2013),
Phuket, Thailand.

® Masaru Yao, Hisanori Ando, Tetsu
Kiyobayashi, "Dialkoxybenzoquinone-type
active materials for rechargeable lithium
batteries: the effect of the alkoxy group
length on the cycle-stability", 10th
Eco-Energy and Materials Science and
Engineering Symposium (EMSES 2012),
Dec. 06 (2012), Ubon-ratchathani,
Thailand.

(XF)

(PEZEPEME)

(£ D)

6. WFITHERK

(D) WFFEfREE

B B (YAO, Masaru)

MSIATBOE NEEERATR AT - = v % ¥
A RVF—MZEERM « FTAFER
W9EE 5 30510060

(2) WFFEST R

(3) EEHEI TEH



