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High Performance 12 Ah-class Lithium-ion Cells
by Adoption of Mixed Positive Active Materials
of LiNiMn,Co,0,(x +y + z = 1)/LiFePO,
for PHEV Use
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Abstract

The high performance 12 Ah-class lithium-ion cells have been developed by adoption of mixed positive active
materials of LiNi\Mn,Co,0, (x + y + z = 1)/LiFePO, especially for PHEV use. The new cells were investigated
with focusing on performances in the region of lower level of state of charge (SOC) needed for PHEV use. The
values of specific output power and specific energy were 2550 W kg™ at 50% state of charge (SOC) and 125 Wh
kgt at 1 CA discharge, respectively. In particular, in the lower SOC region of SOC<30%, the specific output
power was superior to that of the existing cells with positive active material of sole LiNi,Mn,Co,0, during main-
taining approximately equal life performance of their cells at high temperature of 45 C. These benefit features
are derived from the synergy by mixing low—-cost positive active material of LiFePO, with larger specific surface
area than that of LiNi,Mn,Co,0, resulting in the appearance of smooth oxidation-reduction potential of LiFePO,

at approximately 3.4 V vs. Li/Li" towards end of discharge.
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Table 1 Specifications on lithium-ion test cells.
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Fig. 1 Outer appearance of 12 Ah-class lithium-
ion cells.

Cycle life performance

0.5

ltems Evaluation objectives
Basic electrochemical properties
Nominal capacity / Ah 12
Nominal voltage / V 3.62
Dimensions / mm W 112 X D21 X H 81

Mass / g 3455
Positive active material
Negative active material
Separator

Base electrolyte

Graphite

Polyolefin microporous film
1.0 mol dm™® LiPFs in EC : DMC : EMC =1 : 1 : 1 in volume

W 337 X D52 X H495
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LiNi,Mn C0,0, (x +y + z = 1) + LiFePO,
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Fig. 2 Representative charge-discharge character-
istics for 12 Ah-class lithium-ion cells with mixed
positive active materials of LiNi,Mn,C0,0, (x +y + z
= 1)/LiFePQ, at 25 °C. Charge: 1 CA (12 A) to 4.2
V for 3 hours in total; Discharge: 1 CA to 2.0 V.
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Fig. 3 Discharge characteristics for 12 Ah-class
lithium—-ion cells with mixed positive active materials
of LiNiMn,C0,0, (x + y + z = 1)/LiFePO, at various
currents at 25 C. Charge: 1 CA (12 A) to 4.2 V
for 3 hours in total; Discharge: 1/3, 1, 2, and 5 CA
to 2.0 V.
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Fig. 4 Representative discharge characteristics of
1 CA (12 A) for 12 Ah-class lithium-ion cells with
mixed positive active materials of LiNi,Mn,C0,0, (x
+ y + z = 1)/LiFePO, under various temperatures.
Charge: 1 CA (12 A) to 4.2 V for 3 hours in total
at 25 °C ; Discharge: 1 CA to 2.0 V at -20, 0, 25,
and 45 C.
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Fig. 5 In-output specific powers of 12 Ah-class
lithium=-ion cells with mixed positive active materials
of LiNi,Mn,C0,0, (x +y + z = 1)/LiFePO, at 25 C.
In-output time is 10 sec.

State of charge conditons: 10, 20, 30, 40, 50, 60,
70, 80, and 90%.
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Fig. 6 Relation between state of charge and output
specific power for 12 Ah-class lithium-ion cells
with mixed positive active materials of LiNi,Mn,Co,
0, (x +y +z=1)/LiFeP0O, (O) and existing mate-
rial of LiNi,Mn,Co,0, (&) at 25 C. Output time is
10 sec.
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Fig. 7 Cycle life performances of 0.5 Ah-class
lithium-ion cells with mixed positive active materi-
als of LiNi,Mn,Co,0, (x +y + z = 1)/LiFePO, (O)
and sole material of LiNi,Mn,Co,0, (&) at 45 C.
Charge: 2 CA (1 A) to SOC 90% for 30 minutes in
total at 45 °C ; Discharge: 2 CA to SOC 30% at 45
C.
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