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Abstract

lonic behavior in shape-controlled porous silicon and the conduction in the solid-liquid coexisting composite with
metal oxide powder as the solid phase are introduced. Focusing on widely used battery materials such as Si and Li-
ClOs, the behavior and reaction of the electrolyte among the solid surface with narrow space are focused. The re-
sults of the reaction rate change due to the formation of electric double layer, the lyophilicity of the solid phase,
the change of ionic conduction in the solid phase gap, and the heterogeneity of the solvent are observed. Many re-
sults that the range of the influence of the solid phase based on the intermolecular interaction occurs in an ex-
tremely limited space of around 1 nm have been obtained. However little research has been carried out for the the-
oretical consideration that explains the influence of the solid over several tens of nanomaters. It is required to more
systematically discuss the correlation between the ionic transport phenomena and the surface properties of materi-
als.
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Fig. 1 SEM images of Graphene coated porous sili-
con (GPSi).

Apparent pore size: (a) 5 nm, (b) 7 nm, (c) 35 nm, and
(d) 72 nm.
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Fig. 2 Pore distribution of Graphene coated porous
silicon (GPSi).

Apparent pore size: (@) 5 nm, (b) 7 nm, (c) 35 nm, and
(d) 72 nm.

Table 1 Preparation parameter of GPSi samples.
Apparent pore size  HO fraction Current density Roughness factor ~ Volume ratio of C/RF /uF
/nm In reaction /mAcm—2 (RF)  micropore / %
Solvent; x
1 10 342 21.8 0.69
1 150 327 12.2 4.82
35 0.6 150 422 10.3 5.98
72 0.5 150 408 11.3 424
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Fig. 3 Cyclic voltamograms of PSi and Graphene
coated porous silicon (GPSi).

Apparent pore size: (a) 5 nm, (b) 7 nm, (c) 35 nm, and
(d) 72 nm. Scan rate: 25 mV s~
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Fig. 4 Galvanostatic charge/discharge curves for
graphene coated porous silicon (GPSi).

Apparent pore size: (@) 5 nm, (b) 7 nm, (c) 35 m, and
(d) 72 nm. Current density: 25 mAcm™".
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Fig. 5 Photo and SEM images of silicon wafer anod-
ized in HF/H20/EtOH mixed solution for 10 min, (a)
photo image, (b) top surface, and (c, d) cross section
images.
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Fig. 6 The applied potential dependence of depo-
sition amount of titanium and substrate weight loss
caused by structure deforming of porous silicon

during oxidation reaction in higher potential.
Reaction time: 30 min
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Fig. 7 Charge/discharge curves of (a) PSi and (b)TiO. coated PSi on the voltage range of 0.01-3.50 V vs Li/Li * at

500 pA for 15 cycles.
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Fig. 8 Schematic drawing of the relation of PSi-elec-
trolyte interface and PSi/TiO2-electrolyte interface.
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Fig. 9 Electrical conductivities with various DME
content in solvent for LiCoO2 / 1 mol L' LiClOs —PCi—«
DME;solution coexisting systems at 25°C.
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Fig. 10 Activation energy of conduction with various
DME content in solvent for LiCoO2 / 1T mol L~ LiClO4
—PCi—xDME solution coexisting systems.
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Fig. 11 The average numbers of solvated molecules
of PC with various DME content in solvent for LiCoO:
/1 mol L' LiCIO4 —PCi—DME solution coexisting
systems.




GS Yuasa Technical Report

O O /O\/\O/
12 HBRMEEEEREICHS TS PC-DME Zn AR
DRG—EDHORAK (BEXHER 16, 17).
Fig. 12 Schematic drawing of heterogenic distribu-

tion of the binary solvent PC-DME on lyophilic solid
surface (Ref.16, 17).
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