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Since the Industrial Revolution, human productivity has increased drastically, but this has also led to severe 

environmental issues. One of the most pressing challenges of our time is climate change, a topic that has 

been the focus of scientific research for several decades. Continuous increases in CO₂ emissions lead to a rise 

in the global average temperature, resulting in more frequent and intense climate-related disasters, such as 

droughts, flooding and desertification [1].  

In order to mitigate the effects of climate change, many researchers are investigating carbon capture and 

utilisation (CCU) technologies as potential solutions. A promising approach involves the catalytic conversion 

of carbon dioxide (CO2) into methanol. The CO2 hydrogenation to methanol is an alternative promising way 

to produce this high value chemical. In fact, methanol is considered one of the building blocks for the 

chemical industry. Traditionally, copper-based catalysts are employed for this reaction, but their application 

requires high purity of the gas feed mixture. Copper-based catalysts get poisoned upon their exposition to 

impurities like H₂S, because sulphur binds to the metal active sites of these catalysts. To avoid the use of 

expensive purifying units, sulphur-resistant catalysts are currently under investigation. Previous proof of 

concept showed the tolerance of MoS2-based catalysts, subject of this master’s thesis [2].   

Therefore, this work examines the catalytic conversion of CO₂ into methanol using a ZnO-supported MoS₂ 

catalyst [2,3] and the effect of different feedstock ratios of CO (also commonly present in industrial gas 

streams), CO₂ and H₂ influence the catalyst activity. The study also examines the impact of water and other 

oxidative species on the process by simulating real-life conditions typically encountered in industrial 

applications.  

The characterization of the catalyst involves both ex-situ and in-situ XRD (X-ray diffraction), where the first 

one shows possible phase changes before and after the reaction, while the second is mainly used to study the 

pre-synthesis calcination procedure, to maximize the catalytic activity. XPS (X-ray Photoelectron 

Spectroscopy) is used for the analysis of the surface composition to determine the elemental ratio of Mo/S 

and to gain knowledge about the S-vacancies. The morphology and elemental composition of the catalyst are 

determined by the SEM-EDX (Scanning Electron Microscopy-Energy Dispersive X-ray analysis). Finally, 

the catalyst's specific surface area is analysed by the BET (BrunauerEmmett-Teller)-method.  
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