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Energy conversion based on the thermoelectric Seebeck effect is very promising power
generation method that can convert directly the residual heat resulting from industrial processes
into electrical power. This method can be applied in many processes. E.g. more than half of the
produced energy now is lost as a waste of heat and harvesting this heat can significantly increase
efficiency of the power generation systems; additionally thermoelectric materials can be used in
radioisotope thermoelectric power generation, or in the solid-state Peltier refrigerators. The main
aim of my stay in E-IMR was calculations of the thermoelectric properties and propose the effective
way to increase the thermoelectric performance based on the calculated data. We applied first-
principles calculations based on the density functional theory (DFT) with using the projector
augmented wave (PAW) method with Perdue—Burke—Ernzerhof (PBE) exchange—correlation
functional. The CaMgSi based materials have been chosen. CaMgSi is intermetallic compound
(see Fig. 1) that consist of nontoxic, inexpensive and lightweight elements, and is a novel silicate
thermoelectric material. Recently, it has been shown experimentally that CaMgSi can be
considered as candidate with potentially high thermoelectric performance (figure of merit).
Therefore it should possess high Seebeck coefficient, high electrical, and low thermal conductivity.
It is possible to change electronic properties by doping the crystal structure and due to dependence
of thermoelectric parameters on electronic properties increase thermoelectric performance of the
CaMgSi compound. The one way is adding one additional electron or hole on Mg or Ca positions
by replacing corresponding atoms by neighbors in the periodic table. Such replacement changed
electron distribution and affected on Seebeck coefficient. We found that for both positions (Mg and
Ca) the introduction of hole increases Seebeck coefficient and therefore increase the figure of merit.
In contrast with holes introduction, additional electron

in the crystal reduces the thermoelectric performance.
This is research work just started recently and we are
planning to continue this project and try more complex
doping scheme and utilize layered structure of CaMgSi

compounds.
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