Technical Report

Hw X

Nig76C002400H Lis/C U F I LA F >
— RE DB

Development of Ni ..Co,,, OOH
System Li-lon Cells

/G

0.2L|0.8

% ® OE wT O OH ® M K o R
wmOm oozt o' om % ozt 4 0 % ome

Miki Yasutomi Toru Tabuchi Yoshihiro Katayama
Toshiyuki Nukuda Yoshiyuki Kubota Yoshihiro Imai

Abstract

Niy7C00200H,Li, (0 = x = 0.8) positive active material has been successfully synthesized by direct oxidation
in LiOH solution from Niy;Coy2(OH), precursor. The process conducted at the low temperature below 100 T
is totally different from the expensive calcination process ordinarily applied to the production of existing ac-
tive materials of Li containing transition metal oxide. The Niy;Coy2OOH,,Liys positive active material with low
resistance has been applicable for high power use from AC impedance analysis. The novel NijC0y2,00H,
Liys/C system Li-ion cell was found out to show specific energy of 40.1 Wh kg™ (0.2 CmA, 39-20 V), specific
power of 3100 W kg™ (at 72.2% SOC), and excellent discharge capacity retention of 92.8% even after 1000 cycles.
Furthermore, the decrease in specific power for model type cell after cycling test has been attributed to the in-
crease in charge transfer resistance corresponding to the positive electrode by the analysis of electrochemical

impedance specroscopy.
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Fig. 1 Manufacturing process for the preparation of
Ni76C002400H,Lig s powder.
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Fig. 2 XRD patterns of powder samples for Niy76C0g 24
OOH,_,Li, positive electrodes.
a:x=0;b:x=0.15;c: x=0.52; d: x=0.66;
e: x=0.8
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Fig. 3 Initial discharge characteristics for Niy76C0g.24

OOH,_,Li, positive electrode at room temperature.
®:x=0;M:x=0.15; A:x=0.52;[]:x=0.66;
®:x=0.8
Charge: 0.25 mA cm™?to 4.2 V vs. Li / Li".
Discharge: 0.25 mA cm™?to 1.5V vs. Li / Li".
Counter and reference electrodes: Metallic Li.
Electrolyte: EC and DEC mixture in the volume ra-
tio of 1 : 1 containing 1.0 mol dm™ Li-
ClO,.
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Fig. 4 Nyquist plots of Nig,5C0g.,00H,_Li, posi-

tive electrode at 3.6 V vs. Li/Li" at room tempera-

ture.
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Counter and reference electrodes: Metallic Li.

Electrolyte: EC and DEC mixture in the volume ra-
tio of 1:1 containing1.0 mol dm™ Li-
ClO,.
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Fig. 5 Charge-discharge characteristics for 120-mAh
class Nip76C002400H,,Lips/HC Li-ion cell at room
temperature.

Charge: 0.2 CmA to 3.9 V.

Discharge: 0.2 CmA to 2.0 V.

110
= 105
C
£ 100
C
o
© 95
>
5 90
&
S 85
(0]
o
s 80
e
?
a 75t
70 1 1 1 1 1
0O 200 400 600 800 1000

Cycle number

Fig. 6 Cycle performance for 120-mAh class Niy ¢

C0y2400H,,Ligg/HC Li-ion cells at room tempera-

ture.

Charge: 1 CmA to 3.9 V.

Discharge: 10 CmA to DOD25% ( < ), DOD50%
(), and DOD100% (O ).

36



GS Yuasa Technical Report

3500

3000

2500

2000

1500

1000

Specific power / W kg-"

500

0 1 1 1 1
40 60 80

100
State of charge / %

Fig. 7 Specific power after 2 sec. discharge of 120-
mAh class Nig,6C042,00H,,Liys/HC Li-ion cell with
different states of charge.
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Fig. 8 Nyquist plots for Nip75C0p2400H,,Ligs/HC
Li-ion model cell with SOC 10% (—), 30% (—),
50% (—), 70% (—), and 90% ( —) before cycle

test.
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Fig. 9 Change in Nyquist plots for Nig76C0g24
OOHg,Lips/HC Li-ion model cell at SOC70% after
cycle test.

[ ] Before, M after

P4 7 VEREBRICBWT, Bh»HILT s EKHO—>
ELTC, EMOBMBEEIIEATLEV) ZEn
HHS M o 72,

37



GS Yuasa Technical Report

2007565 H4% $£1%8|

3B

1) J. Maruta, H. Yasuda, Y. Fujita, and M. Yamachi,
Proceedings of the Symposium on Batteries for Por-
table Applications and Electric Vehicles, PV97-18,
p.151, The Electrochemical Society, Inc., (1997).

2) H. Sasaki, H. Yasuda, and M. Yamachi, GS News

Technical Report, 60, 12 (2001).

3) M. Yasutomi, T. Tabuchi, T. Inamasu, T. Nukuda,
A. Tanaka, M. Horiguchi, and Y. Imai, The 46th
Battery Symposium in Japan, p.252 (2005).

4) Kiyonami Takano, Ken Nozaki, Yoshiyasu Saito,
Ken Kato, and Akira Negishi, /. Electrochemical
Society, 147 (3), 922 (2000).

38



