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Steam reforming of ethanol is a promising method for hydrogen production from renewable resources [1]. Hydrogen produced from ethanol in the steam reforming process may
become future fuel [2]. Besides operating conditions, the use of a proper catalyst plays a crucial role in hydrogen production through ethanol reforming [1]. Heterogeneous catalysts
are an important research topic owing to their irreplaceable role in chemicals and fuel production [3]. Due to the high effectiveness of ceria oxide used as a support and the low cost
of cobalt, these materials can form a high-active and selective catalytic system for ethanol steam reforming towards hydrogen production [4].
The performance of catalyst materials is usually governed by precise atomic structure and composition of very specific catalytically active sites. Therefore, structural and
chemical characterization at the atomic scale becomes a vital requirement in order to identify and structure–performance relationships existing in heterogeneous catalyst systems [3].
Transmission Electron Microscopy (TEM) and Scanning Transmission Electron Microscopy (STEM) with Energy Dispersive Spectroscopy (EDS) are most important methods
providing unique informations about structure and chemistry of solid catalysts [5].
The aim of this study is demonstrate high selectivity of the 2KCoOx/CeO2 catalyst for acetone and hydrogen in the
steam reforming of ethanol, and to show nanostructural and chemical characteristics of such catalyst system by
using electron microscopy (TEM, STEM-EDS). It is demonstrated that the unprecedented spatial resolution of
microscopy techniques can provide new structural views of the oxide overlayer species. It helps to identify the
catalytic active sites of high importance and allows to develop meaningful structure-activity relationships for
cerium oxide-supported cobalt oxide catalyst systems. The application of TEM to characterization of this catalyst
was very helpful in identification of phases present as well as for knowledge on a local elemental composition. In
our study of cobalt oxide-based catalyst we have identified the active phase and the support phase (CeO2).
Additionally, EDS analysis allows to confirm a high distribution of elements (cerium, cobalt, oxygen, potassium) in
the catalyst studied by application of two-dimensional mappings.
The catalyst studied was prepared by an impregnation of cerium oxide. To the first impregnation the solution of
cobalt nitrate and citric acid was used. Next, in the second impregnation we used the solution of potassium nitrate.
The reaction of ethanol conversion was carried out at 693 K under atmospheric preassure in the reaction mixture of
ethanol and water vapours with H2O/EtOH = 4/1 mol/mol ratio .
Figure 1. Selectivity of products formation from
ethanol over 2KCoOx/CeO2 catalyst
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Figure 2. Conversion (%) of EtOH and H2O

Figure 3. HRTEM image of the
active phase of Co3O4 (311) with
interplanar distances 2.44 Å and used
mask on Fast Fourier transformation
(FFT)
Co

Figure 4. HRTEM image of the
support phase CeO2 (111) with
interplanar distances 3.12 Å and used
mask on Fast Fourier transformation

Figure 5. HRTEM image of the active
and the support phases as well as
interplanar
distances
and
corresponding plane indicators
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Figure 7. STEM image with the selected
image area mapping
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Figure 6. Fast Fourier transformation
from Figure 4 with inverse interplanar
distances for CeO2 (111) and Co3O4
(311)

Conclusions
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 2KCoOx/CeO2 catalyst exhibits high selectivity for hydrogen: ~6570% and acetone: ~54% in the steam reforming of ethanol
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 Catalyst exhibited quite good activity for ethanol and water
Figure 8. STEM-EDS spectrum images (two-dimensional  HRTEM images show that cobalt oxide particles are located on
60
mappings) showing the relationship between the particle size
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 Application of TEM allows to determine distribution and diameter
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composition in the 2KCoOx/CeO2 catalyst
of cobalt oxide particles on CeO2 support. The average diameter
0
of cobalt oxide particles is equal to 13.6 nm
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 HRTEM images with complementary FFT enabled us to identify
size of cobalt oxide particles [nm]
the active phase Co3O4 (311) (cubic structure) with interplanar
distances 2.44 Å and support phase CeO2 (111) (hexagonally
arranged structure) with interplanar distances 3.12 Å
 The use of suitable masks on FFT (Figure 6) allows to separate
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