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Self-assembled Si/Silicide Bulk Composites as High—Performance Thermoelectric Materials
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With the continuous development of nanostructure engineering technology, bulk nanostructured materials
are focused on for thermoelectricity. Si is rich in resources, low—cost, nontoxic materials, and available
in industrial quantities. This thesis work mainly developed and investigated the bulk Si, which demonstrated
a great potential for thermoelectric(TE) applications at high temperature owing to an enhanced phonon
scattering and reserved electrical performance by forming refined and self-assembled nanoscale structure

Chapter 1 reviewed the latest progress in nanostructure engineering of TE materials from the perspective
of physical background to the recent advances. The great challenges in developing bulk Si-based materials
for practical thermoelectric application were also addressed

Chapter 2 presented detailed information on the synthesis technique, phase analysis, microstructure
characterization and TE properties measurement, which were used in the experimental researches.

Chapter 3 systematically studied TE properties of heavily-doped monocrystalline Si. The TE properties
of p—type and n—type heavily doped monocrystalline Si were measured from room temperature to above 1000 K.
By modeling the experimental results, a theoretical model was proposed to provide a reasonable estimation
of the TE properties for heavily-doped monocrystalline Si based on Boltzmann transport equation, which laid
the groundwork for our following researches to design and fabricate high-performance Si TE composites

Chapter 4 employed a simple self-assembly process through melt-spinning technology and spark plasma
sintering to prepare p—type Si/SiBs; and Si/CoSi, composites. Precipitates with size ranging from tens to 500
nanometers were observed in Si matrix, which only slightly affected the electrical properties and greatly
reduced the lattice thermal conductivity by 20% — 44% compared to a homogeneous p—type Si with a similar carrier
concentration. Enhanced ZT values of 0. 21 for Si/CoSi, and 0. 23 for Si/SiB; at 1073K were obtained. The results
showed that the self-assembled precipitation is effective in improvement of the TE performance of Si, and
demonstrated that ZT can be further increased by optimizing the size of precipitates

Chapter 5 explored a novel route to introduce dislocations in n—type Si/Silicide TE composites
Multi-scaled microstructures, including high—density nanoprecipitates and dislocations, were assembled
together by controlling the sintering temperature of a synthesis process based on the route that was employed
in chapter 4. These dislocations were found naturally decorated with nanodots, stacking faults and dislocation
cores as well as the related strain fields. Calculations indicated that in addition to a 30% reduction in
lattice thermal conductivity by nanoprecipitates, the naturally decorated dislocations contributed an
additional 50% reduction, resulting a comparative high figure of merit of 0.39 at 1045K. This work offered
a unique route for introducing multi-scale microstructures and a new strategy for ZT enhancement in bulk Si
TE materials.

Chapter 6 proposed an outlook for future researches in bulk Si TE materials via an overall comparison
of the TE properties of self-assembled Si/Silicide composites with the newly—-developed theoretical model and

all the available literature data for bulk Si-based thermoelectric materials
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