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Editorial on the Research Topic

Recent Advances in Waste-Heat Harvesting via Thermoelectrics: From Theory to Materials
and Devices

Low-dimensional thermoelectric (TE) materials have been suggested to possess higher TE
performance than their bulk counterparts through theoretical analysis and experimental
explorations (Hicks and Dresselhaus, 1993; Dresselhaus et al., 1999). Therefore, intensive
research has been devoted to the synthesis and processing optimization of TE materials to
maintain the favorable micro-nanostructure in the resultant TE consolidates. Various materials
architectures and top-down and bottom-up strategies have been investigated to identify the
microstructure with the most favorable combination of transport properties. Based on the
temperature range of operation, TE materials can be divided into three classes, namely ambient,
mid-, and high-T materials, where the materials’ bandgap and stability determine the viability of a
particular composition as a TE material (Snyder and Toberer, 2010).

A serious problem in TE materials research has been great variations in the performance of the
same material made through different routes. This difference can be an order of magnitude in the
case of Bi–Te alloys, which is the most common TEmaterial for applications at ambient temperature.
The extent of variability in the TE performance has not been discussed in detail in the literature.
Hamawandi et al. discusses this issue by comparing a solution chemical and a solid-state synthetic
route and the resultant materials’ microstructure and transport properties in detail for Bi2−xSbxTe3
system. The study shows a textured nanostructure and better overall performance for the materials
synthesized through the solution chemical route.

Cu2−xSe has been considered a promising TE material due to its performance at intermediate
temperature regions, however it has stability issues at elevated temperatures. Several strategies have been
developed to enhance the ZT and the chemical stability of Cu2−xSe over a wide temperature range.
Various studies have proven that structural and TE transport properties of Cu2−xSe can be modified with
a variety of nano-inclusions and the synthesis route (Tafti et al., 2016; Ballikaya et al., 2019a; Ballikaya
et al., 2019b; Hamawandi et al., 2020). Among these strategies, nanoscale incorporation of other elements
and compounds was shown to be promising (Ballikaya et al., 2019b). Demirci et al. reports on the
transport properties of nanostructured Cu2−xSe—skutterudite solid-solutions and discusses the results in
terms of crystal mismatch of guest and host phases, concluding that skutterudite nanoparticle
incorporation into Cu2−xSe has a beneficial effect on TE performance.
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Si and SiGe are materials of interest for high-temperature TE
energy conversion. Nanowires are 1-dimensional nanomaterials
that have been used to increase the power factor and reduce the
thermal conductivity of TE materials, resulting in significantly
enhanced ZT values. Li et al. presents a review on Si and SiGe
thermoelectric nanowires as proper candidates for micro-
thermoelectric generators, discussing basic TE principles,
materials, structures, fabrication, measurements, and
applications.

When it comes to TE modules, leg geometry and mechanical
stability of the materials are key issues for reliable and robust
devices for TE applications. There is little knowledge about what
geometries are beneficial in applications with differing thermal
conditions. Şişik and LeBlanc investigates various leg shapes, by
numerically modeling the thermal and electrical performance of
bismuth telluride and silicon germanium alloys, to identify the
best performing leg shape under constant temperature and heat
flux boundary conditions. They underscore the importance of leg
geometry on electrical and thermal performance of a TE leg, as

well as the importance of considering the device operating
condition when selecting the best leg shape.

TE leg materials with a high figure of merit, ZT, are the
essential basis to build TE generators.

Severe plastic deformation via high-pressure torsion (HPT)
was shown to result in very fine grains in micro- or even nano size
with small and high angle grain boundaries and in parallel, which
introduced a high level of defects. Rogl and Rogl presents a
review, surveying the plastic deformation as a useful tool for
mechanical strengthening of skutterudite and half-Heusler alloys.

We hope that the reader will find this research topic a useful
reference in the field of thermoelectric materials and devices.
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