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New Directions in TE materials Research

Current Bulk Thermoelectric Materials
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How to Increase grain boundaries?
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The “Bottom-Up” Strategy
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Synthesizing nanocrystals in solution
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PbTe ‘Nanocomposites’

Size & Shape Selectivity Consolidation
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Spark Plasma Sintering
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Chemical Synthesis for TE Materials Research
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Chemical Synthesis for TE Materials Research
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Chemical Synthesis for TE Materials Research
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S°c for CoSb, granular nanocomposites
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Device manufacturing: Self Assembly

bstrate

Filled Substrate

Binding Sites

Agitated
Suspension
of Parts

Part to be
& Assembled\\ A

ﬁ&ssemble Each Add Top

Part Type

Substrate

~€—Bonding Fluid —>»

Transfer to
Final Position

\ Wettingfl:

- Region L
N\ |

No Wetting

Region .

NOVEL MATERIALS, LABORATORY %/2;/@
UhLlVE‘R.SJTY OF Sp.UTHﬁ F.'.LOR]DA L_/‘/w



Challenge of Self Assembly: Rate & Yield

~

Fraction of Functional
Assemblies

o

© ~

(@)} a

|

o
1
w

Assembly Yield /

o
N
(63}
\
—

r=1 \ \\ "
0 ‘

1.E+00 1.E+02 1.E+04  1.E+06

\ Number of Series Parts /

Assembly yields depend on process and design parameters.

Goal: Develop predictive models of self assembly process rate and yield to
facilitate design of high rate and yield processes at industrial scales.
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Modelling Performance
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“Open-framework™ Materials
Example: clathrates
_

Polyhedral
“Building Blocks”

Type VI

* M. Beekman & G.S.
Nolas, J. Mater. Chem.
18, 842 (2008)

* G.S. Nolas et al in
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and Semimetals, Vol. 69,
Academic Press, 2001
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Heat Source

Photovoltaics AppliC&tiOIlS

& Optoelectronics

Thermoelectrics
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Synthetic Routes for Clathrate-1I Intermetallics
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Intensity (Arbitrary Units)

New Synthetic Techniques™
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**“Novel Methods for Solid State Crystal Growth”, Patent Pending,
Serial No. 12/859,534, submitted August 19, 2010
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Discovery of the ‘Novel” Phase Na,_ Ge;,,
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Conclusions

“Bottom-up” processing, a cost-effective approach towards enhanced TE performance

Chemical processes for TE materials in the required quality and quantity.
Doping of nanocrystals in tuning the carrier concentration in bulk nanocomposites.
Theoretical calculations corroborate and focus experimental efforts.

Studies on mechanical and thermal stability of nanocomposites at higher temperature
are ongoing.

“Open-framework™ (bulk) materials offer an opportunity to better understand the complex

structure-property relationships that define the suitability of a material for:
thermoelectric applications

battery technology

solid-state refrigeration

opto-electronics

hydrogen storage Acknowledgements
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