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Abstract

The next-generation cylindrical nickel-metal hydride D-size battery "PROTHIUM™" with remarkably high power
and durability has been successfully developed for HEV applications. This was accomplished by main technolo-
gles: newly developed inner current collecting structure for drastic reduction of internal resistance to half value
of existing one; positive active material coated by ytterbium contained composite oxides for high charging ef-
ficiency; and alloy powder with high catalytic activity by special treatment, and alloy-corrosion-resistant addi-
tives for longer life. The specific power, power density, and cell power at 50% SOC were 1800 W/kg, 5750 W/1
and 302 W/cell, respectively. Moreover, the cell has an additional feature capable of continuous discharge even at

large current of 300 A at ambient temperature of 25 TC.
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Table 1 Specifications for newly developed 6.5 Ah
type Ni-MH battery.
Items
Dimensions D /mm 33.0
H / mm 61.5
Volume /| 0.053
Mass /8 167
Rated capacity / Ah 6.5
Nominal voltage /'V 1.24
Output power at 25 C* / W/cell 302
Output power at 0 'C* / W/cell 123
Input power at 25 ‘C** / W/cell 199
Input power at 0 ‘C** / W/cell 87
Output power density / W/I 5744
/ W/kg 1800
Charging efficiency at 1 ,A65C /% 86.4
Capacity retention at 45 C / % 80.8

= Qutput Power : 50% SOC, 0.8 V / cell
+* Input Power : 50% SOC, 1.6 V / cell
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Fig. 1 Newly developed current collecting structure

for high power cylindrical Ni-MH battery "ROTHI-
UM™". (a) Partially cross-sectional side view. (b)
Partially schematic perspective view.
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Fig. 2 Inner current collecting assembly process by newly developed method applied to high power cylindrical
Ni-MH battery "ROTHIUM™" (a) and conventional one (b) for HEVs.
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Fig. 3 Representative V-I characteristics at 50%
SOC at 25 °C for newly developed 6.5 Ah type Ni-
MH battery (@) and conventional one (&),
Discharge time: 10 sec. at various currents.
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Fig. 4 Representative discharge characteristic at
various currents for newly developed 6.5 Ah type
Ni-MH battery.

Charge: 0.1 /, A for 15 hours at 25 C.

Discharge: 100, 200, and 300 A to 0.6 V at 25 C.
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Fig. 5 Representative V-| characteristics at 25 C
for newly developed 6.5 Ah type Ni-MH battery.

A 20% SOC, @ 50% SOC, l 80% SOC

Discharge time: 10 sec. at various currents.
Discharge current : 60, 90, 120, 160, and 200 A.
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Fig. 6 Change in output power at 50% SOC at 25
°C with discharging time of newly developed 6.5 Ah
type Ni-MH battery (@) and conventional one (&),
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Fig. 7 Dependence of output power characteristics
at 10 sec. (@) and 1 sec. (O) on SOC for newly
developed 6.5 Ah type Ni-MH battery at 25 C:
conventional one at 10 sec. (A) and 1 sec. (&),
respectively.
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Fig. 8 Dependence of output internal resistance
calculated from slope of linear relation line in V-I
characteristics on ambient temperature for newly
developed 6.5 Ah type Ni-MH battery at 10 sec. (@)
and 1 sec. (O).
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Fig. 9 Dependence of input power characteristics
at 10 sec. (@) and 1 sec. (O) on SOC for newly
developed 6.5 Ah type Ni-MH battery at 25 C:
conventional one at 10 sec. (A) and 1 sec. (&)
respectively.
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Fig. 10 Change in input power at 50% SOC at 25
°C with charge time for newly developed 6.5 Ah type
Ni-MH battery (@) and conventional one (&),
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Fig. 11 Dependence of input internal resistance

calculated from slope of linear relation line in V-I
characteristics on ambient temperature for newly de-
veloped 6.5 Ah type Ni-MH battery at 10 sec. (@)
and 1 sec. (O).
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Fig. 12 Representative charge characteristics for
newly developed 6.5 Ah type Ni-MH battery with
nickel hydroxide positive electrode containing ytter-
bium additive at 0.5 /, A at 60 C.
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Fig. 13 Dependence of charging efficiency on
SOC at 1/, A at high temperature of 65 °C for newly
developed 6.5 Ah type Ni-MH battery.
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Fig. 14 Cycle performance at 50% SOC at 25 °C
for newly developed 6.5 Ah type Ni-MH battery (@)
and conventional one (A&).

Charge : 50 A to 80% SOC.

Discharge: 50 A to 20% SOC.

Temperature : 45 C.
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Fig. 15 Change in resistance calculated from slope
of linear relation line in V-1 characteristics for newly
developed 6.5 Ah type Ni-MH battery (@) and con-
ventional one (A).

Charge: 50 A to 80% SOC.

Discharge: 50 A to 20% SOC.

Temperature : 45 C.

d e R L. GBI OB/ME T, N, T v
FESHBEANOBMH 2 g L 2B/ Sy 7 2 A7 4
& L COMRERHiB L K3 A MEotEd x #0257
ETH 5.

X

1) Kazuya Okabe, Hiroaki Mori, Kengo Furukawa,
Kouichi Sakamoto, Takahiro Itagaki, Satoshi Yo-
kota, Tomonori Kishimoto and Shuichi Izuchi, GS
Yuasa Technical Report, 2 (1), 21 (2005).

2) Kengo Furukawa, Kazuya Okabe, Hiroaki Mori,
Yuko Yano, Toshiki Tanaka, Yoshikatsu Ohtani,
and Masaharu Watada, Proceeding of the 44th
Battery Symposium in Osaka (Japan), p.608 (2003).

3) Hiroaki Mori, Kouichi Sakamoto, Kengo Furukawa,
Kazuya Okabe, Toshiyuki Nukuda, and Masaharu
Watada, Proceeding of the 71st Meeting of The
Electrochemical society in Yokohama (Japan), p.250
(2003).

4) Kengo Furukawa, Hiroaki Mori, Kouichi Sakamoto,
Tomonori Kishimoto, Kazuya Okabe, and Shuichi

Izuchi, Proceeding of the 45th Battery Symposium

47



2007128 $4% $£25]

GS Yuasa Technical Report

in Kyoto (Japan), p.450 (2004).

5) Kouichi Sakamoto, Hiroaki Mori, Kengo Furukawa,
Tomonori Kishimoto, Kazuya Okabe, and Shuichi
Izuchi, Proceeding of the 45th Battery Symposium
in Kyoto (Japan), p.448 (2004).

6) Kengo Furukawa, Toshinori Bando, Yashshi Ha-
rada, and Shuichi Izuchi, GS Yuasa Technical Re-
port, 2 (2), 12 (2005).

7) Publication of unexamined patent applications JP,

2006-156135.
8) Publication of unexamined patent applications JP,
2006-236967.

9) Masahiko Oshitani, Function & Materials, 19 (18),
13 (1999).

10) Mitsuhiro Kodama, Minoru Kuzuhara, Chen Fang
Yu, Kaori Shodai, Takashi Ito, Masaharu Watada,
and Masahiko Oshitani, Proceeding of the 40th
Battery Symposium in Kyoto (Japan), p.115 (1999).

48



