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Abstract

LiFePQ, is very attractive positive active material because of its features such as abundance of natural resources

and large discharge capacity of 160 mAh/g, though the existing one has an essential issue of poor electrical con-

ductivity to be overcome before its practical application needed for high-rate discharge capability. New proto-

type 4 Ah LiFePO,/graphite lithium-ion cells have been developed by performing the detailed investigation on

the positive electrode-related technologies such as carbon-loaded active material and electrode design. The cells

were found out to show superior discharge performance with a flat voltage profile and high-rate capacity reten-

tion of 98% even at large current of 10 CA (40 A). Furthermore, the cells exhibited outstandingly high retention

of discharge capacity of 94% after long term cycling of 500 cycles even at high ambient temperature of 45 “C

compared with that of existing LiMn,0O,/graphite cells for electric vehicle, automatic guided vehicle, and so on.
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Fig. 1 Discharge characteristics for prototype 4 Ah
LiFePO,/graphite lithium-ion cells with carbon-
loaded positive active material (@) or non-loaded
one (O). Charge: 1 CA to 3.6 V followed by con-
stant voltage until cutoff current of 0.01 CA at 25 C;
Discharge: 1 CAto 2.0V at 25 C.

Table 1 Specifications of prototype 4 Ah lithium-ion cells with different positives active materials using graphite

negative electrode.

Carbon-loaded LiFePO,/graphite

LiMn,0,/graphite

Cell systems
Nominal capacity / Ah 4.0
Nominal voltage / V 3.3

Dimensions / mm

(WxDxH)

Mass / g 122
Energy density / Wh/I 156
Specific energy / Wh/kg 108

65.0x11.3x115.0

4.0
3.8
65.0x11.3x115.0

132
180
115
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Fig. 2 V-l characteristics for prototype 4 Ah LiFePO,/
graphite lithium-ion cells with carbon-loaded posi-
tive active material (@) or non-loaded one (O).
Charge: 1 CA to 50% SOC at 25 °C; Discharge: 1,
2, and 4 CA for 1 second at 25 C.
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Fig. 3 Change in cell voltage (O), current (&),
and amount of electricity ((J) during the charge of
prototype 4 Ah LiFePO,/graphite lithium-ion cells
with carbon-loaded positive active material. Charge
condition: 1 CA to 3.6 V followed by constant volt-
age until cutoff current of 0.01 CA at 25 C.
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Fig. 4 High-rate discharge characteristics for pro-
totype 4 Ah LiFePO,/graphite lithium-ion cells with
carbon-loaded positive active material. Charge : 1
CA to 3.6 V followed by constant voltage until cutoff
current of 0.01 CA at 25 °C; Discharge: 1 (O), 5
(A), and 10 CA ([J) to2.0V at25C.
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Fig. 5 Discharge characteristics at various low
ambient temperatures for prototype 4 Ah LiFePO,/
graphite lithium-ion cells with carbon-loaded posi-
tive active material. Charge: 1 CA to 3.6 V followed
by constant voltage until cutoff current of 0.01 CA
at 25 °C; Discharge 1 CAt0 2.0 V at 25(0),10(2),
0([), and =10 C ().
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Fig. 6 Cycle life performance for prototype 4 Ah
lithium—-ion cells with different positives active
materials and graphite negative electrode at high
ambient temperature of 45 °C. Positive active ma-
terials: Carbon-loaded LiFePO, (@), LiMn,O, (O);
Charge and discharge conditions: 1 CA to 3.6 V fol-
lowed by its voltage until cutoff current of 0.01 CA at
45°C and 1 CAto 2.0 V at 45 C for the former mate-
rial, 1 CA to 4.15 V followed by its voltage for 3 hours
at45°C and 1 CAto 2.5V at 45 °C for the latter one.

Table 2 Storage performance of prototype 4 Ah
lithium—-ion cells with positive active material of car-
bon-loaded LiFePO, or LiMn,O, at full charge state
at high ambient temperature of 60 C for 1 week.

Cell system Residual Recovery
capacity /% capacity /%

Carbon-loaded LiFePO, 93 94

/graphite

LiMn,0O,/graphite 83 89
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