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Heat to Electrical Energy Directly

Up to 20% conversion efficiency with right materials
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Figure of Merit
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ZT and Electronic Structure

| sotropic structure
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(-+1/2) Foracoustic phonon scattering
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Anisotropic structure

m= effective mass

E
T=scattering time
r= scattering parameter
K= lattice thermal conductivity

T = temperature
Y= band degeneracy
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Selection criteria for candidate materials

B Narrow band-gap semiconductors
B Heavy elements

= High u, low k
M Large unit cell, complex structure
= |ow K

B Highly anisotropic or highly symmetric...
B Complex compositions
= |low Kk, complex electronic structure




Investigating the A/Bi/Q system

Map generates target compounds A=Ag, K, Rb, Cs
Q M=Sb, Bi
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AgPb_SbTe,, (LAST-m)
NaPb_SbTe,, (SALT-m)
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Synthesis

Ingot properties very sensitive to cooling profile
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LAST-18: Synthesis with Slow Cooling

~2deg/hr

amount

0.86 1 19 20 105¢g

1000 °C
4 h 700 °C
7d
12 h 12 h
50 °C
ETN125 S PF
(HV/K) (HW/cm-K?)

A 535 -121 7.8
B 959 -128 15.7
Cc 1026 -158 25.6
D 1341 -180 43.4

slow cooled sample
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Properties of Ag, Pb.,SbTe,,
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LAST-18 ZT~1.6
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What is the dot made of?

[l EGix Spacvum pin

414

matrix

W B Ssachun oot

inclusion

TS
TR TaaE———— P T R
B PR ——— »

o w0

|

13
Energy kel

A\_ AMES LABORATORY S . S o [CWA STATE UNIVERSITY COOks Kramer

A

Argonne

NATIONAL LABORATORY




Nanostructures reduce the lattice thermal conductivity

2.5

ce Thermal Conductivity (W/mK)

Lattice thermal conductivity
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10,35 W/mK (Harman PbTe/PbSe superlattice) ,
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Why do the LAST materials nanostructure?
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t LASTT (p-type)
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Na-based materials (SALT-m)

m~19-21

New high ZT p-type material Na,Pb,SbTe,,,
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What is nanostructuring worth?

Lattice Thermal conductivity (W/mK)
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Matrix Encapsulation as a Route to Nanostructured PbTe
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Nanocrystals of Sb in PbTe
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* An optimum concentration of nanoscale second phase is necessary

* Mass fluctuations play a role in thermal conductivity reduction
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Phonons
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Electrons
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Completed and Processed Ingot Schock

Composition: Ag, ,.Pb,Sb, ,Te,, Weight: 200 grams
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Module Fabrication
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® Hot side diffusion contacts, and cold side solder
contacts with <10 yW-cm2 have been achieved.
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Best ZT Materials
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Conclusions

B |LAST, LASTT and SALT: promising thermoelectric materials for next generation
power generation modules. (expected device efficiency ~14%)

B Nanostructures strongly reduce thermal conductivity.
B Nanostructures are closely linked to high ZT.

B Scaleup successful in producing large quantities but material is brittle and contains
microcracks.

B Hot pressing and powder processing yield 3x improvement in strength.
B Higher average ZT (>2) needed to reach 20% efficiency.
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