
Oxide thermoelectric power generationOxide thermoelectric power generation

Ryoji Funahashi Ryoji Funahashi 

National Institute of Adv. Ind. Sci. & Tech. National Institute of Adv. Ind. Sci. & Tech. 

2009 Thermoelectrics Applications Workshop
Oct. 1, 2009 @Hotel Del Coronado, San Diego, CA



Thermal
power plant

Automobile Factory

Incinerator

Used energy      Energy loss

Thermoelectric
module

Waste heat     Waste heat     

Thermal
power plant

Automobile Factory
Incinerator

Used energyUsed energyEnergy lossEnergy loss
Waste heat

電気エネルギー電気エネルギーElectrical energy Electrical energy 
Contribution to energyContribution to energy

& environmental problems & environmental problems 

Dilute distributionDilute distribution

ThermoelectricThermoelectric
conversionconversion

Total primary energyTotal primary energy
(Several 100 mil. kl/year in Japan)(Several 100 mil. kl/year in Japan)

Waste heatWaste heat



Heat energy

Electrical energy

At high temperature in air
Safety,  Relief & Cheapness

OxideOxide

Bi2

 

Te3

Pb-Te alloy
CoSb3

Zn3

 

Sb4

Si-Ge alloy

Conventional TE materialsConventional TE materials

Toxic element
Rare element
Melting
Oxidation

Limitation on
public application

Problems in TE generationProblems in TE generation



Present
Conducting materials

heating element ・transparent

 

film
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Oxide TE materialOxide TE material

http://ohtaki.cube.kyushu-u.ac.jp/Ohtaki_Lab/index.html
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S. Yeo et al,APL 89, 233120(2006)
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Phase Separation in Nano-scale

Slow cooling

Phase separationPhase separation

Conductive nano-structured oxide
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Co-rich : Cubic

Mn-rich : Tetragonal
With many twin boundaries
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TE properties oxidesTE properties oxides



@ High temperature
Metal・・・great thermal expansion
Oxide・・・small thermal expansion

Mechanical strength
Contact resistance

Good junctionsGood junctions

p-type oxide n-type oxide

electrode metal

ExfoliationExfoliation

Metal vs. Oxide
・・・Different electronic properties 

High contact resistanceHigh contact resistance

Ag paste (commercially available)Ag paste (commercially available)
++

pp--type oxide powdertype oxide powder

JunctionJunction
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DurabilityDurability
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Space : 1.2 mm
Device area/Total area : 49 %2008. 7
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TE conversionTE conversion
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Steam turbine

Turbine・・・Expensiv200kW200kW
SelfSelf--conclusionconclusion

IncineratorIncinerator
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Water heater
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New concept of TE power generation New concept of TE power generation 

OxidesOxides
High Temperature Use

Topping Recovery of Waste Heat Topping Recovery of Waste Heat 

Establish New Concept for Conversion Systems Establish New Concept for Conversion Systems 

ThermoelectricThermoelectric
system system 
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Oxide TE Oxide TE 
ConclusionConclusion

Strong pointsStrong points

-High durability against 
high temperature and oxidation

-No secure elements

-No toxic elements

-Mass production

-Light weight

-Small thermal expansion

Reliable, Safe, and Cheap systemReliable, Safe, and Cheap system

Weak points Weak points 

-Low ZT

-High ZTmax

 

temperature

-Brittle

New materialNew material



http://staff.aist.go.jp/funahashihttp://staff.aist.go.jp/funahashi--rr
/english/Index.htm/english/Index.htm

Thank you very muchThank you very much
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