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Figure 2 A comparison of charge/discharge curves of Li/LiCoO, and

Na/NaCoO, cells.
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Figure 3 A comparison of reversible capacity and operating voltage

ranges of the layered sodium insertion materials.[7] The
energy density was calculated on the basis of the voltage
versus metallic sodium for simplicity. LiFePO, and LiMn,0,
are also shown for comparison based on the voltage versus Li
metal.
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Figure 4 Elemental abundance in the Earth’s crust, reproduced from
“R.S. Carmichael (Editor), CRC Practical Handbook of
Physical Properties of Rocks and Minerals, CRC Press, Boca
Raton (1989)".
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Figure 5 Charge/discharge curves of sodium cells; (top) Na/NaFeO,
and (bottom) Na/Na,,[Fe,,Mn,,]O,.
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Figure 6 Rate-capability of the Na/Na,,[Fe,,Mn,,]O, cell at different

rates from 1/20 C to 4 C (13 — 1040 mA g ™). Current density
of 1C rate was defined on the basis of one electron reduction
of formula unit, i.e., 260 mA g'1 for one hour.
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Figure 7 Change in XAS spectra of Nax[Fe, ,Mn,,]O, at (top) Mn and (bottom) Fe K-edge. (left) XANES and (right) ratial distributions

are compared for each element.

REINGEhoT, ThUE, 38VETREITSHT LTI
AU 4 METHRIEENZD, TN EOEBTY Y
FERMAHEZIDDRNC 2R T 2R TH 5, T B,
PO K WIS OV T BB Z TR o T2 k53R, 2ok
BV OBFIREOLEIST B TEILT S &
ootz SFERERICIE 3 MOIREE U TFEELTWY
%M, Fig. TICRTXIIC38VETHREIT D LICELD
ZexBENEZh o7, LML, 42V ETHEILTSC
LT KD XANES A7 MVEIRDZ L, 5, #DJH
Ak, FRCE IR 35U B BN BB BRI 25 LV
RINTz, TN RO HIREDKELE(LT BT
ERTIERTH DD, BheBEOK GRS AE KR
TBTL, THIC, (HDFD) MDD TEeh 5,
V=2 TI—AF U TH5 4l (d4) FTHILEINIzE
EZO6N5S, TORIGIEF U LEE TR ErT
L, F7z, TOWMERFIEZAZNT TR K> TE
YHENTWVS [T VF U LLRTREEN3 i & 4 fHDM
THWENCELETT % WS HIEchEFclcm,
MUY LRA Y — g UMRIC BT 2N E KIS T H
HENVZ D,

FRITLA =2 a MR F I LA Y — g
VMR EZ L DIGENEH B —TTT, B 4iE TS

PF NEWS Vol. 30 No. 3 NOV, 2012

14

N2GEVFULRTRBEENED S TEHRERR ER
D> TWV%, TDOXIEF NI TLA VT — 3 UM
TP U CEER R BRI HED I, F R U Y LA A B
FIMEE WS TERITRELS, VFULA Y=gy
MEIOWRICE T B 7R BHICEN S L ifFTE
%o PTIHEBVFILEFT R TLEND DA
Y— 3 YMEOMIZ i D 2 T EARDEN,
ZDEBIKET + T 77 bU—D&K D Khiag DG
BT RTHBEVA B,

5. BbYic
TNETHMIY LA Y=g R DWW TRV
F—TNA R HAE LIRS N8 D TH o7, L
ML, W5, RGBT RV F—BREICE T 28k &
{EDL->TED, FRUTLRUD X S @ s &y
VBB MR RHEANDOHFRZHICEE D DDH S [9-
1] ARSTIEIREZ DT )V—"TTROD o I H B ERA RS
DVTHNAETETWIRWEED, HEIcEEELToT
TV F—EE RN LIRS0, FREHAGDES
EAROAMME S REE TS, £z, BRAEZD TR
75 L BIRACRTINAR E, FREEMIEORMNR > TH
D, BIRTIEEEME UTHRALT 272Dk NEZ

SR WAL



SOBEDE S TV BDLHEETH S, HiicaEEiRL
LTDF MUY LAF EMOE-E, ZNUdVF7 LA
F BMOFEANEIC MR TR TR LIz HAIC BV TH
BEng 2L TRERLR,

5| FASZHk

[1] S. Komaba, W. Murata, T. Ishikawa, N. Yabuuchi, T. Ozeki,
T. Nakayama, A. Ogata, K. Gotoh, K. Fujiwara, Advanced
Functional Materials, 21 (2011) 3859.

C. Delmas, C. Fouassier, P. Hagenmuller, Physica B & C,
99 (1980) 81.

K. Mizushima, P.C. Jones, P.J. Wiseman, J.B. Goodenough,
Mater. Res. Bull., 15 (1980) 783.

C. Delmas, J.J. Braconnier, C. Fouassier, P. Hagenmuller,
Solid State Ion., 3-4 (1981) 165.

GG ORI | IEERA |, LARHE— | AP ARER
95 45 [MIEEME RS AT S 4R | (2004) 3B23.

N. Yabuuchi, H. Yoshida, S. Komaba, Electrochemistry, 80
(2012) 716.

N. Yabuuchi, M. Kajiyama, J. Iwatate, H. Nishikawa, S.
Hitomi, R. Okuyama, R. Usui, Y. Yamada, S. Komaba,
Nature Materials, 11 (2012) 512.

1. Nakai, K. Takahashi, Y. Shiraishi, T. Nakagome, F.
Izumi, Y. Ishii, F. Nishikawa, T. Konishi, J. Power Sources,
68 (1997) 536.

B. Dunn, H. Kamath, J.-M. Tarascon, Science, 334 (2011)
928.

S.W. Kim, D.H. Seo, X.H. Ma, G. Ceder, K. Kang, Adv.
Energy Mater., 2 (2012) 710.

M.D. Slater, D. Kim, E. Lee, C.S. Johnson, Advanced
Functional Materials, (2012) in-press.

(5kas2fTH 2012 4F 12 H 21 H)

PF NEWS Vol. 30 No. 3 NOV, 2012

15

EERBN

BN B Naoaki YABUUCHI

FORURLR S Re I ekbns Gl

T 162-8601 B LUABHTE X 250 1-3

TEL: 03-3260-4272

e-mail: yabuuchi@rs.kagu.tus.ac.jp

W& JRE & 2006 4 KB i v K2 K2 i ik B 3 AR g T,
2006 FE Y F 2 —t v Y TR LHIZEE, 2010 48
TR KRS W ZeHeRs BhB, 2012 4EE GG, ML (T
o

RIEDOWZE @ ERESIEY:, MGy, s+ —
TINA ZICBHT B %%

455 fE—  Shinichi KOMABA

FORURLR Y BRI b A R HEB%

T 162-8601 B LUABHTE X 250 1-3

TEL: 03-5228-8749

e-mail: komaba@rs.kagu.tus.ac.jp

W& JEE = 1998 A R K2 K2 L AR E T, 5T
KRBT, CNRS AV F—ER AT 2 5 2 5%
T, 2005 FHEERRLR2ERAN, 2008 4E[H] HEBdZ, 1L (T
=

BILDOWIZE X RE T, B L2 3V F =L

FOEDWIEN 5



