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Why in-situ/operando X-ray absorption spectroscopy for FTs? 

Syngas CnH2n+2

>200 °C >20 bar

CnH2n

In-situ/operando 
XRD/XPS/Raman/
UV-vis

In-situ/operando XAS

 Amorphous/crystalline 
structures
 Oxidation state 
 Local environment
 Fraction of each 

component 

Up to 
 20  bar
 900 °C
 ~10 mg of catalyst

Up to 
 80  bar
 450 °C
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In-situ cells
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Catalysts and experimental procedures 

Model catalysts/structures
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Catalysts and experimental procedures 
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Results
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Summary and outlook

Regardless of the particle sizes and the presence of support, two steps reduction were in general involved: 

Co3O4→CoO and CoO→Co0. 

The particle size of Co3O4 does not have a strong effect on the reduction temperature of Co3O4 to CoO, 

but on the second reduction step. The smaller the initial particle size of Co3O4 NPs is, the lower the 

temperture to obtain 65% Co0 in the sample is.   

When the support was introduced, for the Co3O4_3 nm, the first reduction step was enhanced significantly, 

while the second step was not. For the Co3O4_10 nm, both steps were facilitated strongly. That can be 

explained by the increased dispersion of Co3O4. 

Our results provide fundamentals for optimizing the reduction conditions of Co-based catalysts.
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