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TE materials’ criteria for large-scale power generation 

Julia Krez, Ph.D thesis, Johannes Gutenberg University, Mainz (2014) 

US 20130000285 A1 

Heat exchangers 
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Dry ice sublimation From mt. Everest, snow is constantly 
lost invisibly due to sublimation 

Kilimanjaro 

oxidation 

CTE matching 



Otto (spark ignition) vs. Diesel (compression) cycles 

Vining, Nature Materials 8, 83-85 (2009) 
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Apollo (Moon) 

1969-1977  

November 26, 2011 

Curiosity (Mars) 

Deep space 

Can you guess how many people 
worked for NASA for developing of 
this technology? 
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Main requirement for  Deep Space: Long Term Stability 

Nature Nanotechnology 8 471 (2013) 

PRL 101 025502 (2018) 

Coarsening / Nano-features growth 
Further efficiency enhancement will  
Require both nanstructuring for efficient 
phonon scattering and electronic  
optimization for enhanced transport 
properties, combined with the required 
stability demands. 
 

Is there any contradiction 
between nanstructuring & 
stability? 
 

Using novel TE materials, a new generators 
technology should be developed? 
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5 Halyard (Richard Summers) UK SME – Marine. 
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automotive application 
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More “earthy” applications 
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Main Objectives 
Development of thermoelectric generators in the range of 300-600W output electrical 
power for automotive applications (gasoline engines) by utilizing the waste exhaust heat 
generated into useful electrical power. The project has also a target of more than 1.5kW 
for marine (Diesel engines) applications such as leisure boats and several kW for Large 
Diesel/Gas engines. 



Locomotives 

Passenger rail vehicles 
Wuppertal, DE 



PV-TE applications 

Kraemer et al., Nature Materials 10 532-538 (2011) 

Hybrid PV-TE system: 

Collaboration with Prof. Eugene Katz, Dr. Ofer Beeri 



“Hybrid” Tank Satellites 





1st EU Nano4Te Cluster Workshop, September 17th 2013, host event 
of the EMRS 2013 Fall Meeting, Warsaw University of Technology, 
Warsaw, Poland. 

Technology Readiness Level (TRL) 
 
The participated TE projects in the cluster are mainly in the  
TRL level of 3-5. 
Future projects should be focused on getting beyond TRL of 5 
or passing through the valley of death. 

For PV – www.eupvclusters.eu. For TE – on the way. 
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The 2020 targets were established during 
a political process involving the 
European Parliament and Council. 
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A. Schlieper et al., Calphad 23(1) 1-18 (1999) 

αR 
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Phase Separation - I 



Phase Separation - II 

(a) Yaniv Gelbstein, Mercouri Kanatzidis et al., Adv. Energy Mater. 3 815-820 (2013) 
(b) John Androulakis et al., J. Am. Chem. Soc. 129 9780-9788 (2007) 

Cahn-Hilliard equation→ 

Evelyn Sander and Thomas Wanner, Monte-Carlo simulation 



Acta Materialia 61 1499–1507 (2013) 
J. Appl. Phys. 112, 113721 (2012) 
  



Large F are required !!! 

“alloy scattering” 
in solid solutions an additional carriers scattering mechanism is introduced due to the random 
distribution of different atoms in the same lattice site. 

α- the linear thermal expansion coefficient (CTE) 
r- Poisson’s ratio 
B- Bulk modulus 
γ- Grüneisen parameter 

 

In the absence of nano-features, the reduction of the lattice thermal conductivity in AxB1-x solid 
solution alloys, κl,alloy, compared to the pure involved compounds, κl,pure, due to only umklapp  
and alloying/disordering point defects, can be predicted using:  

Alloying Effects 

Physica Status Solidi B 251(7) 1431-1437 (2014). 



GexPb1-xTe  



Spinodal 
Decomposition 

Nucleation 
& Growth 

Physical Chemistry and Chemical Physics 16 20120 (2014) 



GePbTe-PbTe/PbS 



TRL increase – TE couples/devices challenges 



p 
n 

Pb,Te,Sn,Ge,Ni 

PbTe-PbS 

GexPb1-xTe 

GeyPb1-yTe 

melting/ sublimation (765oC) 





765oC 370oC 

Soldering Soldering & Sublimation 







TiNiSn based half-Heuslers 

Journal of Materials Research 26(15) 1919-1924 (2011) 
Journal of Electronic Materials 42(7) 1340-1345 (2013) 
Journal of Solid State Chemistry 203 247-254 (2013) 
Journal of Electronic Materials 43(6) 1976-1982 (2014) 
Physical Chemistry and Chemical Physics 16 20023 (2014)  



Silicides 

Journal of Electronic Materials 41(6) 1504-1508 (2012) 
Journal of Electronic Materials 42(7) 1926-1931 (2013) 
Journal of Nanomaterials 701268 (2013) 
Journal of Electronic Materials 43(6) 1703-1711 (2014)  



Silicides 

Journal of Electronic Materials 41(6) 1504-1508 (2012) 
Journal of Electronic Materials 42(7) 1926-1931 (2013) 
Journal of Nanomaterials 701268 (2013) 
Journal of Electronic Materials 43(6) 1703-1711 (2014)  



Bi2Te3 based materials 

Journal of Applied Physics 101, 113707 (2007) 
Journal of Electronic Materials 41(6), 1546-1553 (2012) 

Wickramaratne, Zahid and Lake, arXiv:1401.0502v2 (2014) 



[Bi2Te2.4Se0.6(0.1wt%CHI3)]x[MoSe2]1-x 
Accepted: DOI:10.1007/S11664-014-3381-1 



Conclusions- 
• Many classes of thermoelectric materials are being investigated at BGU 

for various power generation applications including automotive, marine 
and PV-TE.  
 

• Both high efficiency and nano-structures stability under practical 
applications conditions are considered. 
 

• Both experimental and theoretical approaches are being applied for 
achieving the group’s agenda.  
 

• Advanced methods for nano-structuring of bulk thermoelectric materials 
including thermodynamic / physical metallurgy  driven nano-features 
methods are investigated. 
 

• High maximal thermoelectric figure of merit (ZT) values of >2 were 
obtained so far with reasonable stability characteristics, putting the 
materials developed in the group at the first line of the most advanced 
thermoelectric materials developed so far globe wide. 
 

• Couples and devices results are on the way. 
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