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MH3O+ ：MD3O+ = 19：22

MH+ ：MD+ = 1：2

Mass ratio
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(1) Substitution of In3+ for Sn4+ increase the h･ concentration

Sn4+ → In3+ + h･

(2) HHHH++++ is introduced according to the interaction of H2O with h･

H2O (g)+ h･ → Hi
+ + ½ O2(g)



２．Application to the fuel cell
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SnO2 + In2O3 + H3PO4 + H2O   

stirred and heated at 300°C

Slurry with high viscosity 

solid state reaction at 650°C for 2.5 hours

In3+ doping into Sn4+

solid state reaction at 650°C for 2.5 hours

In3+ doped SnP2O7 powder

*P / (Sn + In) ratio = 2.0 (determined by XRF)

uniaxial hydrostatic press at 2,000kgcm-2

pressed pellet
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Ionic conductor
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v.s. PEFC

• Platinum catalyst

• CO poisoning

• Smooth electrode reaction

• Highly purified and high-

pressured H2 storage

• Extreme humidification

• Variety of fuels (hydrocarbons, 

alcohols, ethers)

v.s. SOFC

• Transition-metal(oxide) catalyst

• Cheap structural materials

• Extreme humidification

• Suitable for large size

• Careful start--stop operation
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CO tolerance on fuel cell performance

High tolerance and good stability toward CO



Other works

Cathode (ORR: 1/2O2 +  2H+ + 2e- → H2O)

Activation of ORR

• Increase of TPB by the composite of 

electrolyte and catalyst 

• High dispersion of catalyst

Anode（HOR: H2 → 2H+ + 2e-
）

non-platinum catalyst

• Mo2C catalyst
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• Mo2C catalyst

Electrolyte

decrease of resistance

• Thin film by using binder

Fuel（Variety）

Electrochemically active gas or liquid

• methane, ethane, propane, butane, 

dimethyl ether

• methanol, (ethanol) 
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３． Application to a NOx reactor



Other electrochemical devices
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Fuel cell

H2
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Reactor

New concept for NOx Reduction
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（
outlet）
NOx reduction by alternating current（NOx conc. changes in 

outlet）
Temperature = 150°C

Frequency = 0.01 Hz
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• Sn0.9In0.1P2O7 showed high conductivity of 0.2 S cm-1 at 200--250℃ in
unhumidified conditions.

• A fuel cell using Sn0.9In0.1P2O7 as the electrolyte (0.35 mm thick) showed high
power density of 264 mW cm-2 at 250℃ in unhumidified conditions and had
good stability for discharge properties below 350℃.

• The NOx reactor using Sn0.9In0.1P2O7 as the electrolyte showed a high
conversion of NOx to nitrogen.

Conclusion

• The NOx reactor using Sn0.9In0.1P2O7 as the electrolyte showed a high
conversion of NOx to nitrogen.

• The NOx were reduced by using alternating current at 0.01 Hz.

Partial of this work was supported by JSPS KAKENHI Grant Number  

25870308. 
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