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New optical glasses

Fast proton conducting glasses and their application to fuel cell
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Self-Assembling of Nano-Particles and Nonlinear Optics

Spectral Hole-burning Shape-Control

0 prp———
600 800 1000 1200 1400 1600 1800
Wavenumber  (cm™)

Self Assemblys

¥ RoG

\ Wavelength (nm)
__ parcllel-aligned GNRs




Proton conduction in glass and its application to fuel cell

* Introduction
Possibility of fast proton conduction in the glass

 Sol-gel method for preparation of proton conducting glasses
Mechanism of proton conduction in porous glass
Glasses and films exhibiting high proton conductivities at
150°C ~ -100°C

» Applications
Electrolytes for gas sensor and fuel cell

» Conclusions




High proton conducting glasses for the fuel cell electrolyte

Electrode

Electrolyte

Anode
H, —2H"+2e

Cathode
2H* +1/20, + 2e- —H,0

Total
H, +1/20, —H,0

High efficiency, Clean energy

Perfluorosulfonate ionomers (Nafion)

High proton conductivity at around
room temperature

Degradation in thermal and chemical
attacks

Inorganic Sol-gel-derived Glass

High proton conductivity at temperatures
of 150°C to -30°C

High stability against the thermal and
chemical attacks




D Fast proton conducting-glasses prepared by the sol-gel process 7

« Mechanism of proton conduction in the sol-
gel-derived porous glasses.

o Effect of pore structure on the proton
conduction.

 Preparation of glass films with ordered pore
structure.

« Application to the gas sensor and fuel cell.
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Porous structure of the sol-

el-derived glasses
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Water molecules absorbed in the porous glasses

Hydrogen bonded

Exposure
to humid
atmosphere

Physically adsorbed

SiOH bonds

Physically adsorbed
H,O molecules are
removed by heating
at around 100°C.
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Controlling the amount of the chemically bonded H,O molecules

Chemically bonded
H,O molecules are
removed by heating

at around 200°C.
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U Fast proton conducting-glasses prepared by the sol-gel process ]

« Mechanism of proton conduction in the sol-
gel-derived porous glasses.

o Effect of pore structure on the proton
conduction.

e Preparation of glass films with ordered pore
structure.

e Application to the gas sensor and fuel cell.
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Pore size distribution and its effect on the conductivity
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Effect of the pore size on the proton conductivity
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Effect of P,O. on proton conductivity
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U Fast proton conducting-glasses prepared by the sol-gel process ]

« Mechanism of proton conduction in the sol-
gel-derived porous glasses.

o Effect of pore structure on the proton
conduction.

e Preparation of glass films with ordered pore
structure.

e Application to the gas sensor and fuel cell.
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U Conductivities of pore-oriented glass films7
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U Fast proton conducting-glasses prepared by the sol-gel process ]

« Mechanism of proton conduction in the sol-
gel-derived porous glasses.

o Effect of pore structure on the proton
conduction.

 Preparation of glass films with ordered pore
structure.

e Application to the gas sensor and fuel cell.
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Gas sensors ~ Preparation of thin films ~
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High proton conducting glasses for the fuel cell electrolyte

Electrode

Electrode

Electrolyte

Anode
H, —2H"+2e

Cathode
2H* +1/20, + 2e- —H,0

Total
H, +1/20, —H,0

High efficiency, Clean energy

Perfluorosulfonate ionomers (Nafion)

High proton conductivity at around
room temperature

Degradation in thermal and chemical
attacks

Inorganic Sol-gel-derived Glass

High proton conductivity at temperatures
of 150°C to -30°C

High stability against the thermal and

chemical attacks




Fuel Cell
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Conclusions

Fast proton-conducting porous glass

+ Preparation by the sol-gel method
Porous glass with large surface area and small-sized pores

+ Proton conduction process

Dissociation of the protons and their hopping between
water molecules and hydroxyl groups

High proton conductivities

+In wide temperature range from -30°C to 150°C
ex. 170 mS/cm at 150°C

Glass films having high-ordered pore structure

Possible application as the electrolyte
+ Sensor and Fuel cell
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