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[Mn K-edge XANES Profiles of LiMg Mn,_O,]
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[Si K-edge XANES Profiles of Si Materials]
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[Ni K-edge XANES Profiles of LiNij, ,Co,,0,]
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@ Reducing a volumetric expansion of Li-Si anode
material for Li insertion

Image of Porous Si-C Composite]

iy
'

[SEM

& Improving cycleability of Si anode

Concept for Porous Composite Particle

Si

Coatings = Carbon material

1. To use fine Si powder
2. To granulate fine Si and carbon with pore
3. To coat composites with carbon
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2HOVHYAL4XSi - e - F/9A4XSi - EESIEEE - Sio

Pore Charge
Cycling
Active particle 7
(nano-Si/a .
Coatings

Nano Si crystalline

<20nm Nano Li-Si crystalline

O Nano-Si can show improved cycleability I

without crumbling.
O Amorphous matrices can reduce the Sio
expansion rate for cycle.
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SiO = Si + Si0, (WFhEXHEMITIERE)

Absorbance
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Sch ticl f SiO - 3
[Schematic Image of SiO) SiO, matrices

SiO, matrices
(amorphous)

Si ultra fine particles
(<20nm)

L"...

Reference: Y.Nagao, H. Sakaguchi, T. Esaka, et. al., J. Electrochem. Soc., 151, P1572 (2004).

A.Hohl et al., J. Non-Cryst. Solids, 320, P255 (2003).
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Capacity Retention/ %
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Y Why does the first efficiency of SiO-C
composite increase ?
Charge Discharge 1st Effici
Ex rimﬁntal Capac?ity éapacitgy Iloc/::ency
esulits | mAhg" / mAhg- (10mV~1.5V)

SiO-C Composite 1200 872 7%
(per weight of Si0) | (2560) (1869) "
Mixture SiO + Gr 1382 740 \ 54
(per weight of SiO) (2570) (1388)
(Assumption)

SiO + 6.4Li — SiLi, ,+ Li,O (irreversible phase)

(Theoretical Value)

Charge Capacity = 3880

15t Efficiency = 68%

)

mAh/g ‘ Inconsistency I
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Charge & Discharge

XANES and STEM-EELS
= Li cell

NMR
= Full cell

SiO,
matrices

Charge to 10mV (Li/Li*)
0.25mA/cm?2 CCCV
(until 0.025mA/cm?)

(NMR: 4.2V CCCV)

Structural Analysis R

Extract the sample in Ar
= Wash with DEC
= Dry and transfer to ...

4

Li-Si-O
matrices

XANES system in Ar

using Ar flow bag
Measuring in vac.

Discharge

NMR system in Ar

using atmosphere blocking cell
Measuring in Ar

Discharge to 3V (Li/Li*)
0.25mA/cm? CC

(NMR: 2.5V CC)

4
Li-Si-O
matrices

FIB system in Ar

STEM system in vac.

using atmosphere blocking cell
Measuring in vac.

-
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[29Si NMR spectra of SiOC] [7Li NMR spectra of SiOC]
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[STEM image of SiOC (discharge state)] [EELS spectra of SiOC]

Intensity
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Energy/ eV
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FEEILICKPRELGEERYNT—) > REDFTME R IEH3EE RIS /B

Charge Capacity (Qc) and First Efficiency (E,,,) of SiO

Experimental Results

Mixture SiO and C: Qc=2560mAh/g(SiO), E,,=54%
SiO-C Composite: Qc=2570mAh/g(Si10), E,.=73% \

Calculated Value (from Analysis) Cood
Reaction : 4SiO + 17.2Li — 3(SiLi, ,) + Li,SiO, Agreement
Qc=2610mAh/g, E, =76.7% ﬁl_l

2Si + 8.8Li —|2(SiLi, ,)
2Si0, + 8.4Li|— SiLi, ,

Li,SiO, (irreversible phase)

o ‘v' o o
Causing a superior battery properties
—> Causing an increase in Si size
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