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Development and characterization of transition metal fluoride, and its
application to cathode active materials

TOMITA, Yasumasa
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We have developed and characterized new fluoride based cathode materials for

lithium ion secondary batteries. Composites were prepared by the mechanical milling of lithium
fluoride and some transition metal oxides. The composites of LiF and MO formed a solid solution, and

Li+ ion could be desorped and inserted. The discharge capacity was about 250 mAh/g for the LiF-NiO
composite, and the discharge capacity exceeding 300 mAh/g was obtained for the composite using the
Li-containing oxide as the source material. These capacities are 1.5 to 2 times or more the capacity
of the existing cathode active materials.In these series of composites, it was found that the
oxidation and reduction of transition metal ions in the prepared composites occurred with
charge-discharge process accompanying the desorption and insertion of Li+ ions.



Li

Li
LiCoO2 LiMn204
LiFePOa4
110 170mAh/g

FeF: LiF-MFx(M = Mn, Ni, Co
X =2,3)

1) FeFs Li* Nat

240 mAh/g
0.1 C(10
or )
2)
2C
3)
FeFs FeFs
FeFs nm Fe203
3C
4.5)
MF3(M = Mn, Ni, Co) FeFz
Li Li
Li Li
MFx(M =Mn, Ni,Co x=2,3) LiF
M) =
M(1V) 400 mAh/g
LiMnF4
4V 80 mAh/g
FeFs

Li

MFx(M =Mn, Ni,Co x=2,3) LiF

LiF- MF«(M = Mn, Ni, Co X
=2,3)

(ME, (M = Mn, Ni, Co x = 2, 3))

FeF;
LiF-FeF, MF, (M = Mn,
Ni, Co x =2, 3) LiF
NiO, MnO, NiMn,0,
XRD
SEM
TEM  XPS
T T T T
(@) LiF 72h / /\
(b) NiO 72h M
E
§ (© 12h
E M
% | ()24n
(1720 AA./\.‘
(9) 144h /! \
20 I 30 ‘ 4I0 ‘ 5|0 60
26/ degree
1 LiF-NiO
(LiF, Ni0) 72 h
XRD
1 XRD
72h
LiF NiO
20 = 36
39 43 45 (111)
(200)
LiF-NiO XRD
12 h LiF
NiO
SEM

XRD



(111)7(200)

NiO Li
LiF-NiO
NiO LiF
|
£ “
g
z .z%
5L A
< @%%ij j\
Eﬁm*, &“*ﬁJ\manﬂwuuw*%wwm@“W*
70 90 110 130
20 | degree
2 144 h LiF-NiO
XRD Rietveld
2 144 h
LiF-NiO XRD
Rietveld
R Rwp 11.1 RB 2.73,
S 1.06

NiO a=5.911 Aand c =7. 225
A 144 h
a=25.86(7) & and ¢ = 7.23(9) &

XRD
F 0 Ni Li
( )
Ni Ni  Li
NiO
(0, 0, 0) (0.5, 0.5, 0) 2
2
36
h
Li 42
72 h 144 h 50
LiF  NiO
72 h
LiF  NiO
Li+
Ni2+
12 24 36 72 144 h
LiF-NiO
0.05C 2.0
-5.0V
3
12 h 116 mAh/g 72 h,144 h

50 : ]
;;2;;;;:::::;;;;;;__

§ ! \\\\\\ ]

8 30 i

AN

0 100 200 300

2 4 6 7|2 144h
i

Capacity /mAh g”
3 LiF-NiO

202 mAh/g 216 mAh/g

LiF NiO
LiF
NiO
Rietveld 72 h
LiF  NiO
144 h
192 h
288 h 200
mAh/g
3
5.0V
4.8V
Li+
266
mAh/g 144 h
81
72 h 144 h
100th 72 h
144 h 63
42 20th
144 h 72 h
5.0V
144 h SEM
72 h

72h



Cell Voltage / V

1C 87 3C
73
XPS Ni
72 h
XPS
Ni
+11 LiF NiO
Ni*
Ni% Ni*
267 mAh/g
Ni2+
(
SEI )
Ni2+
Ni*
Ni* Ni%
Ni
T T
50} T -
/:::"4—4’ ——
4.0
3.0
NiMn,0,
201 AR -
i ]
0 100 200 300
Capacity / mAh g'1
4 LiF
LiF
NiO MnO
NiMn,0,
10,11) 4
LiF-MnO
LiF-NiO
XPS
MnC ) = MnC )

MnC ) = MnC )

LiF-Mn,0, LiF-MnO
LiF-Mn,0,
LiF-NiMn,0,
260 mAh/g
Ni( )~
NiC ) MnC ) <MnC )
Ni( )~
Ni(IV)
LiF-MgFe,0,
4V
3V
Fe
[ ]

1) H. Arai, S. Okada, Y. Sakurai and J.
Yamaki, J. Power Sources, 68, (1997) 716
2) F. Badway, N. Pereira et al, J.
Electrochem. Soc., 150 (2003) A1209

3) N. Yabuuchi, M. Sugano, Y. Yamakawa et
al, J. Mater. Chem., 21 (2011) 10035

4) Y. Tomita et al, Key Eng. Mater., in
press (2012)

5) Y. Tomita et al, Trans. Mater. Res. Soc.
Jpn., in press (2012)

6) M. Nishijima, 1. D. Gocheva, S. Okada
et al, J. Power Sources, 190 (2009) 558
7) K. H. Wandner, R. Hoppe, Z. Anorg. Allg.
Chem., 546 (1987) 113

4

Yasumasa Tomita, Noritaka Kimura
Hiromasa Nasu, Yusuke lzumi, Juichi
Arai, Yohei Yamane, Koji Yamada,
Yoshiumi  Kohno, and Kenkichiro
Kobayashi, Effects of Li-doped NiO on
the charge-discharge properties of
LiF-NiO composites used as cathode
materials for Li-ion batteries, Journal of
Applied Electrochemistry, ,
Accepted

Yasumasa Tomita, Noritaka Kimura
Yusuke lzumi, Juichi Arai, Yoshiumi
Kohno, Kenkichiro Kobayashi,
Synthesis and electrochemical
properties of 4LiF-NiMn20O4 composite




as a cathode material for Li-ion
batteries, Journal of Power Sources,
, 354, 34-40 (2017)

Yasumasa Tomita, Hiromasa Nasu,
Yusuke lzumi, Juichi Arai, Satoshi
Otsuka, Yohei Yamane, Koji Yamada,
Yoshiumi Kohno, Kenkichiro Kobayashi,
Synthesis and charge-discharge
properties of LiF-NiO composite as a
cathode material for Li-ion batteries,
Journal of Power Source, , 329,
406-411 (2016)

Yasumasa Tomita, Jinta Kato, NaokKi
Kamiya, Yoshiumi Kohno, Yasuhisa
Maeda and Kenkichiro Kobayashi,
Effect of Oxidation on Charge-
Discharge Property of Iron Fluoride for
Li-ion Secondary Battery, Transactions
of the Materials Research Society of

Japan, , 41, 375-378 (2016)
10
, , Synthesis and charge-
discharge properties of LiF-NiF,

composite and Li,NiF, as a cathode
material for Li-ion batteries., 26

MRS .
2016/12/21
I 57 ’
( ), 2016/11/29
I 57 ’
( ) ’
2016/11/29
. LiF-
.47
( ), 2016/11/6
., LiF-MO(M=Ni ,Mn)
10 ,
( ), 2016/09/13
] . LiF-
. 56
’ (
), 2015/11/13
, , LiF-NiO -

, 56

7 (
2015/11/13
’ 82 ’
( ), 2015/03/15
, LiF-Ni0
82 , (

), 2015/03/15

45
), 2014/11/30
1
2017 2 6
2
PCT/JP2016/056293
2016/1/18

2015-051398
2015/3/13



@
TOMITA, Yasumasa

50303532

@

®
YAMADA, Koji

10166704
KOBAYASHI, Kenkichiro

20153603

*



