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No. of lecture hours: 28  

No. of hours for practical activities: 28 

Nr. of credits: 5 

Form of examination: Written examination 

 

Lectures: 28 hours 
 

No. Lecture topic 
No. of 

hours 

1 Introduction. Placing catalytic materials in the group of functional materials. 

Definition of the concepts of material, functional material and catalytic 

material. Definition of the catalytic action. Fundamental properties of the 

solid catalysts: activity, selectivity and stability. Classification of solid 

catalysts. 

1 

2 Catalysts based on metals and metallic alloys. Preparation of metallic 

catalysts. Specific features regarding the structure and properties of metallic 

catalysts. The nature of the active sites. Structure sensitivity of catalytic 

reactions. Supported metal catalysts. Metal-support interaction. Reaction 

mechanisms in catalysis on metals. Fundamentals of kinetics of 

heterogeneous catalytic reactions. Case study: the ammonia synthesis catalyst 

and the reaction mechanism involved. 

6 

3 Oxide-based catalytic materials. Preparation techniques. Structure of oxide 

catalysts. Oxides with variable valence state. Oxide non-stoichiometry – 

structural defects. Semiconductor character. Consequences for heterogeneous 

catalysis. Catalytic oxidation. The Mars – van Krevelen reaction mechanism 

and the corresponding rate law.  

6 

4 Acidic oxides. Origin of acidity. Lewis and Brønsted acidity in oxides. 

Control of acidity. Reaction mechanisms of acid-catalyzed reactions. 

Examples of acid catalysts. Alumina – catalyst and support. 

4 

5 Base oxides. Layered double hydroxydes – precursors for base oxides. 

Synthesis. Structure. Memory effect. Origin of basicity. Other base oxides. 

Applications in catalysis. 

2 

6 Sulfide-based catalytic materials. Preparation. Structure. Nature of active 2 
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sites. Applications in catalysis. 

7 Porous materials for catalyst support. Ordered porous materials. 

Techniques of preparation. Techniques of deposition of active component.  

3 

8 Biocatalytic materials. Enzyme as biocatalyst. Enzyme immobilization 

techniques. Biocatalytic aspects of immobilized enzymes (applications of the 

immobilized enzymes). Biocatalysis supporting natural products chemistry. 

4 

 

 

Practical activities: 28 hours 
 

No. Practical activity subject 
No. of 

hours 

1 Safety rules in the laboratory. Brief presentation of practical activities and 

experimental set-ups 

2 

2 Preparation of a mixed oxide catalyst by coprecipitation 6 

3 Characterization of oxides with variable valence state by electrical 

conductivity measurements as a function of temperature and oxygen partial 

pressure. Determination of structural defects. 

8 

4 Study of the catalytic oxidation of light alkanes over oxide-based catalysts in 

a continuous-flow reactor. 

6 

5 Multifunctional catalytic materials. Applications in catalytic conversion of 

ethanol in a batch reactor. 

4 

6 Discussion of the practical work reports and experimental results. 

Conclusions. 

2 
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* Available at the library of the Laboratory of Chemical Technology & Catalysis. 


