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Materials development for solar
thermoelectric power generators 

Rosa Robert, Sara Romer, Sylvie Hebert, Antoine Maignan, M. Trottmann, Anke Weidenkaff

Soft Chemistry methods

Fine-powders & thin films
by

Ultrasonic Spray-pyrolysis

The increasing demand on energy worldwide requires the use of new energy 
sources. The utilisation of solar radiation as energy source is a clean way to 
generate electrical power. 

La1-xCaxCoO3-δ
Ca3Co4O9
LaCo1-xTixO3-δ

Perovskite-type  oxides are potential candidates for  thermoelectric devices 
operating at high temperatures (400 K <T < 1000K) due to their high stability at 
high temperatures in air. 

[1] S. Hébert, D. Flahaut , D. Pelloquin ,C. Martin, A. Maignan,22ndInternational Conference on 
Thermoelectrics 2003.
[2] R. Robert, M. Trottmann, A. Weidenkaff. To be published.
[3] Structure - Property Relation of Perovskite- type Cobaltates, A. Weidenkaff,, A. Maignan, B. Raveau, 
A. Reller, 9th European Conference on Solid State Chemistry, Stuttgart, 2003.
[4]  Set-up based on Stölzer et al., 4th Workshop on Thermoelectrics (1998). *A. Jacquot.
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S = 62 µV/K at 300 K
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Thermopower measurements at 300K<T<600k

Thermopower measurements at 1K<T<300 K

Nano-powder
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La(NO3)3*6HO 
Ca(NO3)2*4HO  
Co(NO3)2*6HO   
citric acid in H20

variable pH 
pH=1,4,9

(by adding ammonia)

1.stir 24h
2.dry at 70ºC

3.pre-decompose to 300ºC

+

“Xerogel” calcinations
heating rate: 300ºC (6ºC/h)→ 400ºC (2h)       

→ (15ºC/h)→ 600ºC, 700ºC. 

La(NO3)3*6H2O 
Co(NO3)2*6H2O                 

citric acid
in H20

30ml H2O2 (30%) + 
9ml NH4OH (25%)
0.0961g Ti (metal)

5h stir on cold water 
bath, 25ºC

Yellow solution

• Structure: XRD
• Composition: SEM/EDX, XRF, ICP-OES
• Precursors decomposition: Raman, TGA

• Structure dimensionality 
(1D,2D,3D)[1]
• Particle shape (nano-particles)
• Composition: heavy element doping 
• Complex crystal structures

The direct conversion of solar heat 
into electricity requires materials 
exhibiting:

• large electrical conductivity
• large Seebeck coefficient 
• small thermal conductivity 
• high thermal and chemical

stability at high  temperature

Low thermal
conductivity

High electrical 
conductivity

& 
low resistivity

Cationic & anionic substitutions 
to valence state &        
charge carrier mobility [1][2].
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Characterization

Figure 6. SEM  of Ca3Co4O9 product.

Figure 9. SEM/EDX of LaCo1-xTixO3-δ

Figure 1. Thermoelectric diagram for solar power generators.

Figure 2. Flowchart for the preparation of
perovskite-type oxides by polymeric method. Figure 3. Choice of chemical composition. Figure 5. Soft-chemistry aerosol process [3].Figure 4. TEM of La1-xCaxCoO3-δ.

Figure 10. Set-up for thermoelectric measurements at high temperature* [4].

Figure 11. Set-up for thermoelectric measurements at low temperature.

Solar concentrator

Heat exchanger warm site

Heat exchanger cold site

Circulating pump

Heater

Ca3Co4O9La1-xCaxCoO3-δ.
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Figure 8. SEM  of LaCoO3-δ. product.

Figure 7. TEM  of Ca3Co4O9 product.
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