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Solar thermochemical splitting of H2O and/or CO2 to generate H2 and/or CO 

Aim 

Solar thermochemical water splitting to generate hydrogen is emerging as a viable alternative to solar 
photochemical splitting. The kinetics of H2O/CO2 splitting are largely controlled by the inherent redox 
properties of the oxygen storage materials used. The objective of this thesis is to study the effect of 
dopants on the thermal reducibility, H2O/CO2 oxidation and stability of a perovskite storage material. 
 

Justification 

In the following decades, direct solar energy conversion is likely to gain increasing global importance. 
Such a process makes use of solar heat as energy source to break or form chemical bonds using a 
solid metal oxide as intermediate oxygen carrier material. Recently, researchers have developed a 
novel material for which thermal reduction occurs as low as 1200K. After reduction, the oxygen carrier 
can be regenerated by extracting oxygen from CO2 or H2O with production of CO or H2. An important 
advantage is that solar heat can be generated by the whole spectrum of solar radiation, as opposed to 
solar electricity which uses only specific spectral regions. Hence, the production of H2 or CO2 via solar 
heat has the potential of being far more efficient than photoelectrical H2 or CO production. 

The high operating temperature, however, poses several challenges: (i) In terms of equipment cost 
and design, solar heating can be very demanding. (ii) Solid oxygen carrier materials may lose specific 
surface area due to sintering at high temperature. The design of materials which can be thermally 
reduced at temperatures below 1200K would therefore be an immense step forward towards 
commercialization of a direct solar energy conversion process for H2 or CO production.  

The above thermochemical process proceeds in two steps: 1) oxide dissociation using solar heat with 
oxygen release and 2) reoxidation/regeneration using H2O/CO2. Stoichiometric oxides can be used, 
yielding redox pairs such as e.g. ZnO/Zn, SnO/SnO2, In2O3/In, and Fe3O4/FeO, but these suffer from low 
melting points and hence severe sintering and/or volatility. Among nonstoichiometric materials, CeO2-

δ/CeO2 is the standard. However, even when modified with metal ions, drawbacks of CeO2-based oxides 
are the poor reducibility even at 1700K as well as sublimation of the oxides at high temperatures.  

In search of alternative materials to ceria 
for the solar thermochemical process, 
recent attention went to perovskite-type 
oxides, driven by their proven 
thermodynamic and structural tunability 
and their reducibility under less extreme 
conditions. In perovskite oxides of the 
type Ln1-xAxMnO3 (LnAMx), substitution of 
the trivalent Ln3+ by the divalent A2+ 
creates Mn3+/Mn4+ redox active pairs, 
which can assist in H2O and CO2 splitting.  
 

Program 

 Literature survey: (i) Thermochemical redox processes and redox behavior of metal oxides and 
perovskites, (ii) process kinetics 

 Design of an oxygen carrier for thermal reduction (La1-xSrxMnO3, Y1-xSrxMnO3, Y1-xCaxMnO3, …) 

 Characterization of the prepared materials by SEM, STEM-EDX, TPR, (in situ) XRD, TGA, … 

 Activity and stability performance tests of the materials 

 Kinetic study of the thermal reduction process and modelling of solid-gas reactions.  
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