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Development of magnesium batteries using topotactic extraction/insertion reactions
of oxide ions from/in transition metal oxides for cathode reactions

HIBINO, Mitsuhiro
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Perovskite-type SrFe03 was applied to a cathode material of magnesium batteries.
When a SrFe03 cathode was used with a MgCl04/PC electrolyte solution and a Mg metal anode, SrFe03
underwent extraction of oxide ions and changed into SrFeOx (x: between 2.75 and 3.0) in the early period
of discharge, followed by a two phase coexistence reaction between a perovskite-type phase SrFeOx (Xx:
near 2.75) and a brownmillerite-type phase SrFe02.5. Thermodynamic consideration on the basis of
relationship between the average valence number of iron ions and the number of charge transfer suggested
that the oxide ions extracted from SrFeOx and magnesium ions in the electrolyte solution formed first
MgO2 and then MgO. In the case that discharge was terminated in the stage of Mg02 formation, subsequent
charge was possible. It resulted in a specific charge-discharge capacity of 60-70 mAh/g.



2000

2014

1.86
1.2V [1]
Mg
[2,3] 2012
[4]
Na+*
CaFeOs
CaFeO2s
[5]
3V
Mg
Mg%*e i
AV
MO\ =~ P
MgO; i
Mg Mg2+

SrFe0, x = 2.5-3.0
SrFe0,
SrFe0, 5 NaClO
SrFe0,
100
40 5
2032
25 80 1/100
C
1 mol  SrFe0, n
1 140 mAh/g 1 1
C ocv GITT
(Galvanostatic  intermittent titration
technique) 17100 C
10 24
ocv
XRD ICP
MgO MgO,
(M (i)
n
MgO
(M MgO, (i)
)
n=20.5
(iin)
MgO,

2 SrFe0, + Mg* + 2 e — 2 SrFe0, . + Mgo (i)
4 SrFe0, + Mg* + 2 e” — 4 SrFe0, , + Mg, (ii)
Mg0, + Mg* + 2 e* - 2 MgO (iii)

Capacity / mAh g™

40 20 40 60 80 100 120 140
T T T T T T =

38 *°
3.6 -

34+

Valence number of Fe

3.2+

0.2 . 0.6 08
Charge transfer, n (electrons/formula unit)

(i) (i)



@
Mg(C10,),
SrFe0,
GITT
ocvV ) oV n=
0.4 n=0.4 0.7
0ocv
0.5 0.9V
0ocv
Mg MgZ+
Specific capacity / mAh g
) EQ 29 4p 69 8‘0 190 1?0 140
— : Discharge
2 o :ocv r
> —:GITT
o 1.5 L
g
s |
3
0.5 -
G T T T T T
0 0.2 0.4 0.6 0.8 1
Charge transfer, n (electrons/formula unit)
GITT
XRD
SrFe0; SrFe0, 4 SrFe0, ;5
SrFe0,, 1CDD
n=20 0.2
SrFe0,
SrFe0,
X
SrFe0,
SrFe0, g SrFe0, 5
XRD
X
x=3 2.75
BM
P
BM
P BM
P BM

P e ———
> '"‘""'//'k‘~ e 0.4
D —_— 03
- Jl oo
g ~—p—d fe M 01
- A L A A0
1 \ | SrFeO, (JCPDS 70-5775)
N SrFe0, g (JCPDS 39-0954)
. SrFe0, 5 (JCPDS 76-4078)
|I L " StFe0, ; (JCPDS 70-0836)
30 40 50 60 70 80
200
XRD
P SrFe0,
P
2.75 2.8 BM
3
n
n=0.1 0.2
A
[ ]
o n=0.5
3.17
3.145
MgO (
) Mgo, MgO,  MgO
( )
n=0.1
0.2
()
n=0.1 0.2
XRD

Average valence number of Fe

o 0.2
Charge transfer, n (electrons/formula unit)

Specific capacity / mAh g™
0 20 40 60 80 100 120 140
T T T

0.4 0.6 0.8 1



3 n
2 ! N2
f A s
A 2
n=
32 325 33
0 - l 0 " 2 2theta/ degree
n=0.1 02
XRD
XRD
n=0.3
(i) MgO,
MgO
n =
0.9
n=0.4 56 mAh g*
10V
10
V vs. Mg/Mg*
n=20.5
n=0.9
n=0.5
4
n=20.9 0.5
XRD
n=20.9
3.98(2) - 3.029(3) -
Specific capacity / mAh g*
0 20 40 60 80 100 120 140
4] L
> 3 |
©
g
S 24 -
>
o
1 |
O T T T T
0 02 0.4 0.6 0.8 1

Charge transfer, n (electrons/formula unit)

0.5

SrFe0,

Intensity (a.u.)

.5

L

3.028(2)

3.94(2) -

3.146(3) - 3.86(6)

:

N —

1 L | SrFe0, (ICPDS 70-5775)

SrFeO, 5; (JCPDS 39-0954)

SrFeO, 55 (JCPDS 76-4078)

SrFe0, 5 (JCPDS 70-0836)

30 40 50 60 70 80

b 26(°)
_
3
g
8
2
(%2}
c
£ |
o
E SrFeO, (JCPDS 70-5775)
| SrFe0, g, (JCPDS 39-0954)
! SrFe0, ;¢ (JCPDS 76-4078)
| | | SrFeO, 5 (JCPDS 70-0836)
L L L L L L I
31 315 32 325 33 335 34
26(°%)
C Pt
-
=
& o
A
2 1
2 %
c
5 b
E 1 1 L SrFeO, (JCPDS 70-5775)

o

Intensity (a.u.)

SrFe0, 4 (JCPDS 39-0954)

SrFe0, ,; (JCPDS 76-4078)

SrFeO, ; (JCPDS 70-0836)

30 40 50 60 70 80

20(°)
‘ SrFeO; (JCPDS 70-5775)
| SrFe0, g (JCPDS 39-0954)
| ‘ SrFe0, ;¢ (JCPDS 76-4078)
| | | SrFe0, ; (JCPDS 70-0836)
L L L L L L 1
31 315 32 325 33 335 34
206(°)
n=09
XRD (a)
(b) n=05
XRD (c)

()



n=0.5
BM P
n=20.5
n=20.5
MgO
80 SrFe0,
80 SrFe0, 5

1.5M
2 M

SrFe0,

SrFe0,

D.Aurbach, et al. MNature, 407, 724
(2000). 0. Mizrahi et al., J. Electrochenm.
Soc., 155, A103 (2008) H. S. Kim, et
al. MNature Commun., 2, 427 (2011).

, 80
p-240 (2013) M. Hibino, etal. Sci. Rep.,
2, 601/1-601/4 (2012) M. Hibino, et al.
J. Am. Chem. Soc., 136, 488-494 (2014).

, 27 2015 142-149

49 2014 968-973

, 65 2014 744-750

2015

8

6

23
5

2015

21
71
2015 8
SrFe0,
71
2015
8 8
2015
21
LIB 13
4 23
2015 3 18
35 2014 12 17
2014 12 12
372
2014 9 17
ISBN 978-4-86469-075-1
3
504 -509 796
2016



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

@
HIBINO, Mitsuhiro

@
MIZUNO, Noritaka



