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 Potassium promoted iron oxide is used as a catalyst for the industrial styrene (ST) 
production from ethylbenzene (EB) [1]. However, up to now the mechanism of the catalytic 
reaction still remains unclear. A comparison of the structure of real catalysts and model 
catalysts in the form of thin films before and after the reaction could give a key to understand 
the reaction mechanism. 
 Real and model catalysts were characterized by surface science techniques [2], X-ray 
diffraction (XRD), selected area electron diffraction (SAED) and transmission electron 
microscopy (TEM). Thin iron oxide model catalyst films with different stoichiometry and 
potassium promoted films were prepared via an iron vapor deposition and oxidation on 
Pt(111) single crystals and on polycrystalline Pt foils. Fe3O4 films were grown epitaxially on 
Pt(111) single crystals. The films were dislocation free, but consisted of domains separated 
with anti-phase boundaries. The catalytic activity of these films for EB dehydrogenation in 
the presence of water was studied using a newly designed single crystal flow reactor and 
GC/MS analysis. Fe3O4 was inactive but Fe2O3 and K-promoted Fe3O4 showed high activities 
after an induction period of 1-2 hours. Post-reaction analysis showed that Fe2O3 has become 
defect-rich and that the K-promoted film is completely covered by carbon species. 
 The structure of the real industrial potassium promoted iron oxide catalyst was studied 
before and after the dehydrogenation of EB to ST in flow tubular reactor in the presence of 
water or oxygen. In both cases, the activity of the catalysts was stable after an induction 
period. However, with the presence of oxygen, the activity of the iron catalyst was higher at 
lower temperatures. For comparison, the reaction was also performed with pure Fe2O3 and 
Fe3O4 powders. TEM showed that the surface of the catalyst particles before reaction was free 
of carbon deposits. Amorphous or turbostratic carbon shells were observed on the particles 
after reaction. XRD measurements showed that initial K-Fe2O3 transformed into Fe3O4. 
Energy loss electron spectroscopy (EELS) measurements revealed the presence of K and 
other species in carbon shells. Separate catalytic experiments have proven that different 
carbons, e.g. graphite and filaments are also active in oxidative dehydrogenation of EB [3]. 
 The obtained results thus indicate that carbon layers on the surface of the iron oxide 
catalysts play an important role in the reaction of oxidative dehydrogenation of EB to ST and 
dehydrogenation of EB with water. 
References: 
[1]. M. Muhler, R. Schlögl, and G.Ertl, J. Catal. 138 (1992) 413. 
[2]. C. Kuhrs, Y. Arita, W. Weiss, W. Ranke and R. Schlögl, Topics in Catal. 14 (2001) 111. 
[3].  G. Mestl, N. Maksimova, N. Keller, V. Roddatis, R. Schlögl, Angew. Chem., submitted. 


