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Thermoelectric effects

iInterconversion of thermal and electrical energy

Seebheck 1821

difference in potential from a
difference in temperature
(TE generator)

Peltier 1834:

difference in temperature from
a difference in potential
(cooling)



Fields of application for TE converters

Peltier element TEG for sensing TEG for vehicles
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RTG-New Horizons Woodstove with TEG




Nanoscale Thermoelectrics

Efficiency of TE conversion (Altenkirch 1909):
figure of merit ZT= (S%c)/x

Why nano ?

- reduction of x

- Influence on Sand ¢ ?
- concept of ,electron

crystal’ and ,phonon
glass’



Changes of TE parameters on the nanoscale

Insulator Semiconductor Semimetal Metal

S for nanoscale PbSe films

O O bulk PbSe
e hano PbSe

charge carrier concentration



Effects of nanostructuring on ZT

multi quantum well structure

ordered super lattice

in-plane transport

electrical
conductivity

cross-plane transport

thermal
conductivity



Dimensionslose Kennzahl (FoM) ZT

Super lattices of layers and quantum dots
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Reduction of the thermal conductivity by phonon scattering
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Types of nanocomposite powders




TE data for nano-Biy:Sb, Te,
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TE data for nano-Bi,:Sb,Te,
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Syntheses from activated elements

Pb* + Ph,Te, dllg6I§m . nc-PbTe + Ph,Te
* 165° C

Antimonides (solid-solid reactions)

4 Zn* + 3 Sh* 300" C/275',C nc.7n ,Sh,

7Zn* + Sb* 300 €, ne-ZnSh

Co* + 3 Sb* 300" C, nc-CoSh,




ZnSb nanopowders (13 nm)

[021]

2 Nm

particle size ~ 13 nm



Compacting and TE data for nc-ZnSb

- Uniaxial hot-pressing (450° C, 100 MPa):
stable samples with a density of 4.9 g/cm?

- Seebeck coefficient S = 253 £+ 2 uV/IK
(bulk: 196 pV/K)
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Compacting and TE data for nc-ZnSb

- Uniaxial hot-pressing (450° C, 100 MPa):
stable samples with a density of 4.9 g/cm?

- Seebeck coefficient S = 253 £+ 2 uV/IK
(bulk: 196 pV/K)
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Influence of the method of compacting: ZnSb (20 nm)

S(T) for HUP and SPS S-scan after one thermal cycle
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- Improved stability of data with prolonged synthetic procedure



Ternary Phases in the System PbTe - Sb,Te,

400°C, 17 h
3 quenched

X nc-PbTe + nc-Sb,Te > PbSb,=Te ,, (x=20,10)

enlarged [200] reflections



Summary and Outlook

- Thermoelectric energy conversion shows excellent potential for future recovery of
waste heat in industry, vehicles and household

—> current and further miniturizarion allow the use of TE converters for sensing,
communication, integrated systems and in biomedical industries

—> nanostructuring of good TE semiconductors has already shown the potential for
a ZT of 2 that is required for widespread application

- the need for more efficient energy recycling will also lead to relevant discoveries
in the field of fundamental research (natural sciences and engineering)
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