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Abstract

In polyanion-type materials, lithium iron phosphate (LiFePO,) is one of promising candidates for positive active
material of large-size lithium-ion cells because of its low-cost and high-safety properties due to its intrinsic
crystal structure. However, the performance of LiFePO, is insufficient to meet the demand of high-power ap-
plications, especially for HEV due to its relatively high electrical resistance in applicable active materials. On
the other hand, lithium vanadium phosphate (Li;V,(PO,);) with expected safety property from its polyanion-
type structure shows high ionic-electronic conductivity compared with LiFePO,. In this report, carbon-coated
Li,VPO,); was synthesized by simple conventional wet process, and 5 Ah-class high-power type lithium-ion cell
was then fabricated with this active material. Obtained specific power of the cell at SOC 50% was 3900 W kg™;
that is, the value was 148 times higher than comparative evaluation cell with using carbon coated LiFePO,. This
fact confirms that Li;V,(PO,); is one of promising positive active material for large-size lithium-ion cells for HEV

application.
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Table 1 Specifications of lithium-ion cell with
LizV,(PO,); positive active material.
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Nominal voltage / V 3.5

Nominal capacity / Ah 5.0

Dimensions / mm W 112 X D21 X H 81
Mass / g 321

Positive active material LigVo(PO,),

Hard carbon
Polyolefin microporous film

1.0 mol dm™® LiPFg in EC :
DMC:EMC =1:1:1in
volume

Negative active material
Separator
Electrolyte

(c_iSYGASA

Rechargeable Li-ion Battery

@Ebo &

Li-ion

Fig. 1 Outer appearance of lithium-ion cell with
Li;Vo(PO,); positive active material.
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Fig. 2 Rietveld fitting result for the X-ray diffraction
data of carbon-coated Li;V,(PO,); synthesized by
wet process. The wavelength of the incident syn-
chrotron radiation is 0.700389 A.
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Table 2 Physical properties of carbon-coated
Li;V,(PO,); particles synthesized by wet processes.
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Specific surface area / m? g’ 12.3
Tap density / g cm™ 0.87
Dso / umM 23.2
Amount of carbon / mass% 0.97

Fig. 3 SEM image of carbon-coated Li;V,(PO,); sec-
ondary particles synthesized by wet process.
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Fig. 4 Cross-sectional SIM image of carbon-coated
LizV,(PO,); secondary particle during cutting by FIB.

(b) Mapping of carbon
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Fig. 5 Cross-sectional TEM-EDS images of carbon-coated Li;V,(P0O,); secondary particle during cutting by
FIB. (a) TEM image and (b) Distribution of carbon by EDS mapping.
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Fig. 6 Initial charge-discharge characteristics for

carbon-coated Li;V,(PO,); positive electrode under

flooded condition.

Positive electrode: LizV,(PO,); / AB / PVdF = 84 /

8/8

Counter and reference electrodes: Metallic lithium

Electrolyte : 1.0 mol dm™ LiPF4 in mixed solution of

EC:DMC:MEC=1:1:1

Charge: 0.1 C to 4.3 V vs. Li/Li" for 15 hour in to-
tal at 25 C.

Discharge: 0.1 C to 2.7 V vs. Li/Li" at 25 C.
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Fig. 7 Discharge performances for positive elec-
trodes with active materials of carbon-coated
Li;Vo(PO,); ( @ ) and LiFePO, ( 2 ) under flooded
condition.
Positive electrode: Synthesized active material / AB
/PVdF=84/8/8
Counter and reference electrodes: Metallic lithium
Electrolyte: 1.0 mol dm™ LiPFs in mixed solution of
EC:DMC:MEC=1:1:1
Charge: 0.1 C to 4.3 V or 3.7 V vs. Li/Li" for 15
hour in total at 25 C.
Discharge: 0.1,0.2,05,1,2Cto 27 Vor20V
vs. Li/Li* at 25 C.
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Fig. 8 Cycle life performances for positive electrodes

with active materials of carbon coated Li;V,(PO.);(@)

and LiFePO, (&) under flooded condition.

Positive electrode : Synthesized active material / AB

/PVdF=84/8/8

Counter and reference electrodes: Metallic lithium

Electrolyte: 1.0 mol dm™ LiPFg in mixed solution of
EC:DMC:MEC=1:1:1

Charge: 1 C to 4.3 V or 3.7 V vs. Li/Li" for 2 hour

in total at 25 C.
Discharge: 1 Ct0 2.7 V or 2.0 V vs. Li/Li" at 25 C.
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Capacity / Ah

Fig. 9 Charge-discharge performances of 5 Ah-
class Li;V,(PO,)s/hard carbon lithium-ion cell.
Charge: 1 C to 4.2 V for 3 hour in total at 25 C.
Discharge: 1 Cto 2.4V at 25 C.
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Specific power / W kg™’
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Discharging time / s
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Fig. 10 Specific power with different discharging
time for SOC 50% lithium—-ion cells with active mate-
rials of LisV,(P0,); (@) and LiFePO,(2).
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