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Ni 90% 4.2 V

LiCoxNi1-xO2 with x = ca.0.1 show 
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Prismatic Cell (463443)

Nominal capacity : ca. 850 mAh
Current  : 0.7 C rate (charging), 1 C rate(discharging)
Voltage ranges : 2.5 to 4.2 V (n=3)
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LiNi0.9Co0.1O2 (TG, XRD)
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Si-C

Reducing a volumetric expansion of Li-Si anode
material for Li insertion

Concept for Porous Composite Particle 

Discharge Charge

Cycling

Coatings Carbon material

Si

Pore

To use fine Si powder  
To granulate fine Si and carbon with pore
To coat composites with carbon

Improving cycleability of Si anode

����

SEM Image of Porous Si-C Composite
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Coatings
Carbon material

Pore

C bo eC ee
Amorphous matrices (X)

Nano Si crystalline
< 20nm

Nano-Si can show improved cycleability 
without crumbling.

Amorphous matrices can reduce the 
expansion rate for cycle. 

Cycling

Nano Li-Si crystalline

Discharge Charge

Active particle
(nano-Si/amorphous)

SiO

Si 2

→ → → →



Hitachi Maxell Energy, Ltd. – Confidential and Proprietary August 29, 2011

1820 1830 1840 1850 1860 1870 1880

Ab
so

rb
an

ce

Photon Energy / eV

SiO2

Si

SiO

Si X XANES

SiO = Si + SiO2 X



Hitachi Maxell Energy, Ltd. – Confidential and Proprietary August 29, 2011

20nm

Si (111)

2nm

Si: 3nm

SiO2 matrices
(amorphous)

Si ultra fine particles
(<20nm)

Schematic Image of SiO

Reference: Y.Nagao, H. Sakaguchi, T. Esaka, et. al., J. Electrochem. Soc., 151, P.1572 (2004).
A.Hohl et al., J. Non-Cryst. Solids, 320, P.255 (2003).

SiO2 matrices

Si crystalline

SiO Si SiO2
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(Assumption)
SiO + 6.4Li ������4.4 + Li2O (irreversible phase)

(Theoretical Value)
Charge Capacity = 3880mAh/g
1st Efficiency = 68%

Experimental
Results

Charge 
Capacity
/ mAhg-1

Discharge 
Capacity 
/ mAhg-1

1st Efficiency 
/ %

(10mV 1.5V)

SiO-C Composite
(per weight of SiO)

ggg

1200
(2560)

ggg

872
(1869)

73

Mixture SiO + Gr
(per weight of SiO)

( )
1382

(2570)

( )
740

(1388)
54

Inconsistency

SiO Li2O

Why does the first efficiency of SiO-C
composite increase ?
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Discharge to 3V (Li/Li+)
0.25mA/cm2 CC

(NMR: 2.5V CC)

FIB system in Ar
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2Si + 8.8Li ��������4.4)
2SiO2 + 8.4Li ������4.4 + Li4SiO4 (irreversible phase)

Causing an increase in Si size
Causing a superior battery properties

SiO Li4SiO4

��

Charge Capacity (Qc) and First Efficiency (E1st) of SiO

Experimental Results 
Mixture SiO and C: Qc= 2560mAh/g(SiO) E1st= 54%
SiO-C Composite: Qc= 2570mAh/g(SiO) E1st= 73%

Calculated Value (from Analysis)
Reaction 4SiO + 17.2Li ��������4.4) + Li4SiO4

Qc= 2610mAh/g E1st= 76.7%

Good
Agreement
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LiNi0.9Co0.1O2 SiOC

LiNi0.9Co0.1O2 Ni2+ Li

LiNi0.9Co0.1O2

Mn Mg
LiNi0.9Co0.1O2

SiO Si SiO2 SiO2 Si

SiO Li-Silicate


