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1. Introduction
Development of Cathode Materials for Li-ion Batteries
Past 10 years Alternatives New Materials
- LiCoO, : - LiMnO,
high cost capacity fade - LiFePO,
ood cyclabilit
- LINiO, : - V,0, gooc cyctabilly
low cost
safety problem low voltage
- Li-Ni-Mn-O:
- LiMn,0O,: - LiM, :Mn, O,
274 0574 high capacity
capacity fade high voltage
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Electro i operties of new Fe-base hod erial a-FeP
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Good cyclability but low capacity!!
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1
2.2 New cathode materlals with hlgh capaclty?

b
4 Fig. V vs. capacity for
cathode and anode
materials for the next
generation of Li batteries.
Note the huge difference
in capacity between Li
metal and the other
negative electrodes,
which is the reason why
there is still great

interest in solving the
problem of dendrite
growth.
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3V class cathode material with a capacity of 400 mAh/g
Is it possible ??
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rom JCPDS-ICDD Search

XRD and electrochemical properties of new Fe-based cathgode material Fe,PO,
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1. Trigonal(R3m) a=8.003, c=6.860 A, Impurities : Fe,0,, FePO,
2. High initial capacity of 700 mAh/g and stable cyclability with 400 mAh/g, but low voltage
3. Proposed LI insertion/extraction mechanism : Fe,PO;, + 8Li - Li,PO,+ 3Li,0 + 3Fe
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2.3 New Candidates from M;i’rr_\’garal Search

Narmme i Fotrrula MW Capacity
A0 FedAs2011 . 549.2 48.8 185
' Apatelite’ 444.7 X
‘Avasite’ !
‘Azovskite'
'Beldongr
Beraunite
Bernalite
Requirements Saum-arosie’
for high e
capamty EICE] (Fe,LiMn)PO4 150.8 1777 178
FeFed(PO4)3(OH)S 2H20 645.1 415 166
NaFePO4 157.8 | 169.8 . 170
reeuse KFe7(PO4)5(OH)7 8HRO 1023.9 262 183
Phosphosi FePO4 2H20 150.8  177.7. 178
Fe/lP >1 Purpurite “{Mn, Fe)FO4 150.8. 1777 178
Rodoli FePO4 150.8 177,70 178 |
O.SofFe=1 Fel601BIORIT2(80412 18457 173277
LitMn, Fe)PO4 157.8 169.9 170
Lot i 150.8 1777 178
FePQ4 2HRO - APO4 2H20 150.8 177,75 1718
FedFeliO9 471.1 569 228
Fed(P04)3(OH)3 5H20 §59.3 47.9 1 192
LiFePO4 157.8 163.9. 170
FelfGT 863 259
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2.3.1 Diadochite Fe,(PO,)(SO,)OH S

Electrochemical properties of new Fe—based cathode material diadochit
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1. Heat treatment at 300, 500, 600°C - good cyclability
2. When the cutoff voltage was down to 1.2V, the other plateau at 1.7V appeared.
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Mixed Hydroxide Method Sol-Gel Method Simple Combustion Method
In this work
Dripping of (Ni,Mn) solution Adding of {Li,Ni,Mn) solution [(Li,M,Mn) solution (M=Ni,C;|

into LIOH solution into chelating solution =

b .
:
Filtering and Washing I pH adjusting by NH,OH j -

S L

l Decomposition at 400°C ]

Drying at 180°C pH contro! and

e |_Heating at s00°C_|
Heating at 900°C
Mixing of (Ni,Mn){OH), == 2

and LiOH l Decomposition at 480°C 1
=
Pelietizing

Pelletizing
-
Calcination at 480°C Heating at 900°C

= - Easy and simple to prepare

Quenching
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2.4 Li[Ni i3 p0mM
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Current density = 40mA/g, 4.8-2.0V
LiNiy jobis oMNg 6,0, (X=0.20)
Highest capacity of 272mAh/g

Discharge Capacity of
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Cyclability should be improved
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24.2 Li[Nio.szib.zomnb.solcz

SEM Photograph

100-200nm in size, homogeneous

Rietveld Analysis

Well Crystallized XRD pattern
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2.4.3 Rate Capability of Li[Niy Lo 2oMny 610,

Rate Capability

Potential (V vs. LiLLi")
w
w

Discharge Capacity

Potential (V vs. LiLi")
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Capacity (mAh/g)
At a lower current density of 20mA/g =

Excellent capacity of 290mAh/g
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Capacity (mAh/g)

At a higher current density 2

Excellent cyclability

Telecommunication Basic Research Laboratory

2.4.4 Comparison

B T——,

J.R. Dahn Our result
Mixed oxide method | Simple combustion
method
Current density 5 mAlg > 40 mA/g
Voltage range 20-48V 20-48V
Percent of active 74% 80 - 90 wt%
material
Measuring temperature | 30 °C 30 °C
Optimum composition | x = 1/3 x = 0.20
Initial capacity 250 mAh/g (5 mA/g) | 290 mAh/g (20 mA/g)
Particle size Several pym 0.15 um
Morphology Irregular Homogeneous,
spherical shape
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3. Conclusion - B

1. Fe-based phosphate and/or sulfate is good cathode candidate
for EV battery.

2. Li-Ni-Mn-O system is promising cathode candidate
for portable electronics.
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