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Introduction
Lithium lon Batteries
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Introduction
‘ i-rich Transition Metals Layered Oxides
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Introduction
Li-rich Transition Metals Layered Oxides
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Outline

Synthesis of Li; ,Nij 13C04 13MnNg £,0,
X-Ray Diffracion and Rietveld

Scanning Electron Microscope, Energy-
Dispersive X-Ray Spectroscopy
Galvanostatic Cycling

Cyclic Voltammentry

Li-ion Battery test




Sol-Gel Synthesis of Li, ,Ni, ,5C0, ,5Mn, ,0,

Oxalic Acid

@ Metal acetates
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* Stoichiometric Ratio C,H,0,: M =1.5:1
* pH value was controlled with ammonia




Structural Analysis
Synchrotron Diffraction Pattern

Scattered Intensity
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Structural Analysis
Rietveld Refinement

x Obs

Calculated Profile
Bkg

—— Difference Line

Scattered Intensity

Stoichiometry WR(%)
Li; ,Mng 54Nig ;3C0, 450, 4.55
Structural Cell Atoms Wyckoff Atomic Occupancies
Model Parameters Position | Coordinates
a=2 854 Li/Ni 3b 0,0,0.5 0.99/0.01

R-3m Y Mn/Co/Ni/Li 3a 0,0,0 0.54/0.13/0.12/0.21

b = 14.239

(0] 6¢ 0,0,0.739 1.0
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Morphological Analysis

Scanning Electron Microscope —
Energy-dispersive X-ray spectroscopy
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Electrochemical Performances

Galvanostatic Cycling
Li/LP30 (1M LiPF in EC:DMC)/LR-NMC 2-4.8V
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» Specific Capacity over 220 mAh/g.

* LR-NMC is able to substain high currents.

e Capacity Retention ifter 500 cycles.
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Current Density (mA/cm?)
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Electrochemical Behavior
Cyclic Voltammetry
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Electrochemical Behavior

Galvanostatic Cycling
VOLTAGE DECAY

Cell Potential (V vs Li)
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Performances in Li-ion battery
Galvanostatic Cycling

LR-NMC/LP30/Graphite (Pi-Kem)
e Potential range: 2.2-4.7V.
e C-rate: 1C (230 mA/g)

Cell Potential (V)

| 8 >0 J. —@— Charge
1 = —O— Discharge
< 300 -
_ <
4.0 E 2504
] ——Cycle 1 >
y —gwid ol
a &
% 150 | rr((((((((((((((((((((((((((((((((((((((((((((«((((((((((((((((((((((\((((((((((((((((&((((((((((((((((((((((((««(((&««(«@(@(«(««(««««(«(«(««( @@
@)
3.0 ‘O 100
y |
O
7 O 50
2.5 (%_ -
] T T T 1 L e — T 0 T T T T T T
0 50 100 150 200 250 300 350 0 50 100 150 200

Specific Capacity (mAh/qg)

Cycle Number




Conclusions

* A simple Sol-Gel synthesis is used to synthetize
Li; ,Nig 15C04 13MNg 5,0,

 XRD and Rietveld showed a complex structure.
* Li,,Nip 3€C04013MNny:,0, has a very high
electrochemical perfomances.

* Several drawbacks, such as voltage decay and
hysteresis increase.
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