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Improvement on Safety and High-rate Discharge
Performances by Adoption of Carbon-loaded LiFePO,
Positive Electrode for Large-sized Lithium-ion Cells
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Abstract

LiFePO, is very attractive positive active material of new battery for electric vehicles (EVs) because of its fea-
tures such as environmental friendliness chemicals, cost-effectiveness, and high thermal stability. Thus, new pro-
totype LiFePO,/graphite lithium-ion cells with large capacity of 25 Ah have been developed using carbon-loaded
positive active material especially in order to improve its safety and high-rate discharge performances. The cells
were then evaluated on the following performances required for power source of EVs: power, life, and safety in
the long run. The cells show superior high-rate discharge performance with flat voltage profile and high-rate ca-
pacity retention of 99% even at large current of 5 CA (125 A). The maximum specific output power of 600 W/kg
was obtained at 50% SOC at 25 °C. The cells exhibit outstandingly good cycle- and calendar- life performances
even at high ambient temperature of 45 °C compared with existing LiMn,O,/graphite battery for EVs and auto-
matic guided vehicles (AGVs). Furthermore, the cells show the superior safety of EUCAR hazard level 3 from

the result of crush and overcharge tests.
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Table 1 Specifications of prototype 25 Ah LiFePO,
/graphite lithium-ion cell.
Dimensions / mm H 100

W 171

T 27
Volume /1 0.46
Mass / kg 1.03

100 mm

/ 27 mm

Fig. 1 Outer appearance of prototype 25 Ah LiFePO,
/graphite lithium-ion cell.
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Fig. 2 Schematic internal structure of prototype 25
Ah LiFePOQ,/graphite lithium-ion cell.
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Fig. 3 Representative charge characteristics for
prototype 25 Ah LiFePO,/graphite lithium—-ion cell.
Charge: 1 CA to 3.5V followed by constant voltage
until cutoff current of 0.1 CA at 25 C.
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Fig. 4 Representative discharge characteristics
at various currents for prototype 25 Ah LiFePO,/
graphite lithium-ion cells. Charge: 1 CA to 3.5 V
followed by constant voltage until cutoff current of
0.1 CA at 25 °C; Discharge: Various currents to 2.0
V at 25 C.
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Fig. 5 Representative high-rate discharge char-
acteristics at various ambient temperatures for pro-
totype 25 Ah LiFePQ,/graphite lithium-ion cells.
Charge: 1 CA to 3.5 V followed by constant voltage
until cutoff current of 0.1 CA at 25 °C ; Discharge:
2 CA to 2.0 V at various ambient temperatures.
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Fig. 6 Maximum specific output power at vari-
ous ambient temperatures for prototype 25 Ah
LiFePO,/graphite lithium-ion cells. The power was
calculated from V-I characteristics obtained by vari-
ous currents for 10 seconds at SOC 50% at various
ambient temperatures. Maximum allowable current :
10 CA ; Lower limited voltage: 2.0 V.
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Fig. 7 Cycle life performance for prototype 25 Ah
LiFePO,/graphite lithium-ion cells at high ambient
temperature of 45 C. Charge and discharge condi-
tions: Discharge of 1 CA to 2.0 V after charging of
1 CA to 3.5 V followed by its voltage until cutoff
current of 0.1 CA at 45 °C. DCR was calculated
from slope of linear relation region appeared in V-1
characteristics obtained by various currents for 10
seconds at SOC 50% at 25 C.
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Fig. 8 Calendar life performance for prototype 25
Ah LiFePO,/graphite lithium-ion cells at constant
voltage charge of 3.5 V under high ambient tem-
perature of 45 °C. Monthly capacity check condi-
tions: Discharge of 1 CA to 2.0 V after charging
of 1 CA to 3.5 V followed by its voltage until cutoff
current of 0.1 CA at 25 C. DCR was calculated
from slope of linear relation region appeared in V-I
characteristics obtained by various currents for 10
seconds at SOC 50% at 25 C.
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Fig. 9 Calendar life prediction for prototype 25 Ah
LiFePO,/graphite lithium-ion cells at constant volt-
age charge of 3.5 V under high ambient temperature
of 45 °C. Monthly capacity check conditions: Dis-
charge of 1 CA to 2.0 V after charging of 1 CA to 3.5
V followed by its voltage until cutoff current of 0.1
CA at 25 C.
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Fig. 10 Change in cell voltage and temperature
during crush test for prototype 25 Ah LiFePO,/
graphite lithium-ion cell. The fully charged cell was
crushed by a 15.8 mm diameter steel bar until 3/4
of its thickness.

Fig. 11 Outer appearance of prototype 25 Ah
LiFePO,/graphite lithium-ion cell after crush test.
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Fig. 12 Change in cell voltage, current, and tem-
perature during overcharge test for prototype 25 Ah
LiFePO,/graphite lithium—-ion cell. The fully charged
cell was overcharged at 1 CA to 20 V followed by
continuous charging at its voltage.

Fig. 12123, F7-, #ABREREDLO/EIZ Fig 1312
AT Kh6, BWELEIES5 VECTEALZE, 5
VETETIRTTA2Z bbb Tk, 20V %
TEELALT, EMEEIZIO CHRELZLD, b
TN AE L TWD 72012, 1 CA OEGA
ML TR EN TV L Z bR b, ZOHED,
AP D S b FPICEMBED I A FDROS5 NS
DHTH Y, EUCAR hazard level X3 TH o7z,
INLDOEEL L BT ERBROM RS, 40k
LB, 25 Ah 2w ) KRERIZL DL T,
EWEENEZIRT Z L SERE S N

4 #&

il

71— K 2 HFE LiFePO, IEM 2 F\»7225 Ah U F 7
LA K EVEEMIE, FTRETEREDS L ORI
CNTHBY, HRESETTOY A 7 VBL70— b
F RS EITCH L I EDHLNE R o7 S 512,
25 Ah LW REETH ) 205, HLEZRT
ZEhn, SR LCERIE, RIS TR
ELCHREMIFETEL LWL, LA o T, ik
DYF LA F EMELBL T, RHNICAL LD

20095128 $6% H25]

Fig. 13 Outer appearance of prototype 25 Ah
LiFePO,/graphite lithium-ion cell after overcharge
test.
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