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Electrode property of the composite of metal oxides and carbon materials prepared wi
th aqueous solution methods for metal-oxygen batteries
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The search of the oxides that function as electrodes in metal-oxygen batteries was
performed. Since oxygen atoms in a metal oxide instead of gaseous oxygen molecules in air can be used as
active materials if the metal oxide allows insertion or extraction of oxygen atoms, various oxides were in
vestigated in terms of oxygen insertion and extraction. As a result, it was found that a few iron-based an
d a nickel-based oxides with perovskite-related structures allow reversible oxy?en extraction or insertion
. By using these materials, a new type battery in which oxygen atoms were shuttled between a cathode and a
n anode electrode via an aqueous alkaline electrolyte was constructed. Further another new type battery th
at was composed of the oxide allowing oxygen extraction for a cathode, a metal, such as Li and Na, for an

anode, and an organic electrolyte was demonstrated.



H18-19
y -Fe0;
®
111
H20-22
y -Fe0,
y -Fe,0,
y -Fe0,

2.8 V vs. Li/Li"

Li,0,

y -Fe0,

@
(Ca,Sr,_)Fe0, 5 x > 0.25
(Ca,Sr,_,)Fe0,
(Ca,Sr,_)Fe0, 5
(Ca,Sr, )Fe0,
Li*
Li,0

Ca,Sr,_Fel;_5

Ca



Sr La

SrFe0, 5
CaFe0, 5

AFe0, A = Ca, Sr, Ba

AFeO; A =Ca, Sr, Ba

@

y -Fe0,

(Ca,Sr, )Fe0, ;

Cay_sLay sFe0; ges
Sro.5La, 5F€0; g2

AFe0; A = Ca, Sr, Ba

TEM
@
y -Fe,0,/
Ca,Sr,_Fe0, 5
Ca
Sr
Ca Sr
La Cay sLagy sF€0; 463
Sry sLay sFe0; g
Hg/HgO -0.05
v -0.8V
LaNi0, LaNiO, ¢
-0.60V
vs. Hg/Hgo -0.75 V
Ni 3 2
2 z=12.50
XRD
z=2.8
z=2.6 b4
= 2.5
LaNiO, ¢
LaNiO, LaNiO;

CaFe0, s  SrFe0, .
BaFeO, 5
Ba

BaFeO, 5



BaFeO, 4, BaFeO,
0.26 0.32 V(vs.Hg/HgO)
0.45 V
BaFeO,
BaFeO, 5
BaFe0, ; + OH" — BaFeQ, + 1/2 H,0 +
e BaFeO, 5
1
BaFeO, X
BaFeO,
CaFe0; SrFeO,
2011 BaFeO,; 200
: ! :
04} : i
z
Q o BaFe0,s Srag 5Lag 5Fe0 5 g6
%n [ CagslagsFe0 5565
I
g o4l ]
3 |
g 08} ]
2L I < I I
-100 -50 0 50 100
Specific capacity / mA h gt
LaNiO;  BaFeO,
Cay sLay sFe0; ggs
04 ]
S5 02 ]
g ° ‘
L -02f 1
z 0.4 1 los2v
£ 06 1
£ oof i
1 __ 5th ]
———10th

Cap_sLag sFe0; 55

0 5 10 15 20 25 30 35

Specific capacity / mA h g*
Cap sLag sFe0, g3 0 V
-0.8 V

Cay.sLa, sFe0; s

+4
AFeO,(A = Ca, Sr, Ba) SrCo0,
CaFe0;  SrFeO,
BaFeO,
a= 5.3504(4) ﬁ a=5.3497(1) ﬁ
—~ b =7.5401(6) b = 7.5356(2)
5 CaFeO, A c=53242(4) A c=53235(1) A
© A A A
=
= SrFeO; a=3.8509(2) A a=3851(1) A
2 |
c
9
£ ke o, J ) a= 19710(3) A i: 3.9710(1) A
20 30 20 50 60
26-CuKa, /°
AFe0, ;s A=Ca, Sr, Ba)
XRD
3-5
CaFeO,
90 mAh/g 2.3 V(vs. Na/Na")
1/3 1/2
Specific capacity (mA h g™)
0w 00 e
0 3 60 9%

Potential vs. Na/Na" (V)

HEIRE 2EEME

0 01 02 03 04 05
. . I

|
01 02 03 04 05 0 01 02 03 04 05

Charge transfer, n (electrons/formula unit)

CaFe0,



@
Cay sLay sFe0; 463 -0.05V

SEM
1.2x 10 ¥ cm¥/s

CaFe0, ex-situ
X CaFeO,

CaFe0, 5

Nag,,
Na,0,, Na,0

W)

CaFeO, 0.5
TEM Na,0,

(1) M. Hibino et al., J. Electrochem. Soc.
154, A1107 (2007), (2) A. Nemudry et al .,
J. Solid State Electrochem. 5, 450 (1998),
(3) N. Hayashi et al., Angew. Chem. Int.
Ed. 50, 12547 (2011), (4) T. Takeda et al .,
Solid State Sci. 2, 683 (2000),(5) J. B.
Macchesney, et al., J. Chem. Phys. 43, 1907
(1965) .

Y. Suga, M. Hibino, T. Kudo, N. Mizuno,
Electrochemical Oxidation of BaFe0, ; to
BaFeO, , Electrochimica Acta, in
print.

DOI: 10.1016/j-electacta.2014.05.162

Y. Ogasawara, M. Hibino, T. Kudo, N.
Mizuno, Electrochemical Reactions of
Perovskite-Type SrCo0, ; via Topotactic
Oxygen Extraction/Insertion in Aprotic
Li* Electrolyte Solutions ,
Journal of the Electrochemical Society,
161, A792-A797 (2014).

DOI: 10.1149/2.063405jes

M. Hibino, R. Harimoto, Y. Ogasawara, R.
Kido, A. Sugahara, T. Kudo, E. Tochigi,
N. Shibata, Y. Ikuhara, N. Mizuno, A New
Rechargeable Sodium Battery Utilizing
Reversible Topotactic Oxygen

Extraction/Insertion of CaFe0, (2.5 < z
< 3) in An Organic Electrolyte s
Journal of the American Chemical
Society, 136, 488-494 (2014).

DOI: 10.1021/ja411365z

M. Hibino, T. Kimura, Y. Suga, T. Kudo,
N. Mizuno, Oxygen rocking aqueous
batteries utilizing reversible
topotactic oxygen insertion/extraction
in iron-based perovskite oxides
Ca,LaFe0, 5 , Scientific
Reports, 2, 601/1-601/4 (2012).

DOI: 10.1038/srep00601

13, 67-69 ,
2013.
URL:http://www._gijutu.co.jp/doc/magaz
ine/m_2013 08.htm

2013, ,
42-47, 2013.
URL:http://www._nts-book.co.jp/mirai/b
n.html

, 54, 203-208, 2012.
URL:http://www.shokubai.org/jnl/cgi-b
in/ccotw.cgi

AFeO, (A = Ca, Sr, Ba)

54
2013 10 9
SrCo0, 4,
54
2013 10 8

M Hibino, Y Suga, T Kimura, T Kudo,
Y Sumida, N Mizuno, Oxygen rocking
aqueous batteries utilizing reversible
topotactic oxygen insertion/extraction
in iron-based perovskite oxides
Ca, LaFe0, 5, International Symposium
on Innovation of Energy Storage Device
by Interdisciplinary Synergy,

, 2013 1 18

SrCo0, s
38
2012 12 4

SrgFe,0;



38
2012 12 4

AFeO; A=Ca, Sr,
Ba
53
2012 11 15

AFe0, s (A = Ca, Sr, Ba)
53
2012
11 15

AFeO; (A = Ca, Sr, Ba)
53
2012 11 15

M Hibino, Y Suga, T Kimura, R Kido,
T Kudo, N Mizuno, Electrode property
of A, sLa, sFe0, (A = Ca, Sr) for rocking
chair type oxide ion batteries, The
13th Asian Conference on Solid State
lonics, ,
2012 7 20

Ca, sLa, sFe0,
79
2012 3 31

BaFeO, 5

2012 3 31

13

2012 3
23

AFe0, ; (A = Ca, Sr)
52
2011
100 21

( ; )
2013.

pp.161-164.

(
) 2013.
6

5

pp.153-162.

Oxygen shuttle battery

US-20130260224

2012-084576

http://park.itc.u-tokyo.ac.jp/mizuno/ja
panese/research.html

@
HIBINO, Mitsuhiro



