
 862

STRUCTURAL-FUNCTIONAL PROPERTIES OF CATALYSTS FOR 
HETEROGENEOUS-CATALYTIC PROCESSES OF HYDROGEN 

PRODUCTION AND PURIFICATION 
 

Moroz E.М.*, Pakharukova V.P., Kosmambetova G.R. (1), Dolgikh L.Yu. (1), Strizhak P.Е. (1) 

 

Boreskov Institute of Catalysis, Siberian Branch of the Russian Academy of Sciences, 
Pr. Lavrentieva, 5, Novosibirsk 630090, Russia 

(1) Pisarzhevskii Institute of Physical Chemistry, National Academy of Sciences of Ukraine, 
Pr. Nauki, 31, Kiev 03039, Ukraine 

Tel: 8-383-326-95-32, E-mail: emoroz@catalysis.nsk.su 
 
The level of modern works devoted to a design 

of effective heterogeneous catalysts for catalytic 
processes, in particular hydrogen production from 
natural gas and bioethanol and its purification via 
PROX process, is defined by the development of 
new techniques for synthesis of nanostructural 
composite materials and the level of their structure 
investigation. 

Nanostructural composite materials based on 
cerum and zirconium oxides are known to be 
perspective catalysts for mentioned processes. 
However, despite variety of works devoted to their 
investigation, some problems concerning impacts 
of catalysts components on a local structure of an 
active centre; structural-phase transitions in 
support materials – zirconium oxides and zirconia-
based solid solutions; ceria structure features 
accounted for its capability to store and release 
oxygen are still discussed. 

In the present work the structural-functional 
properties of copper-zirconia catalysts CuO/ZrO2 
(for hydrogen production from bioethanol) and 
copper-ceria catalyst over zirconia 
CuO/CeO2/ZrO2 (for PROX process) were 
considered. 

Various modern physicochemical methods 
were used: X-ray diffraction (XRD) analysis, 
Rietveld analysis, radial distribution function 
(RDF) of electronic density or pair distribution 
function (PDF) method, X-ray absorption fine 
structure (XAFS) analysis, UV–visible diffuse 
reflectance spectroscopy (UV–Vis DRS), X-ray 
photoelectron spectroscopy (XPS), infrared 
spectroscopy, high resolution transition electron 
microscopy (HRTEM), temperature programmed 
reduction (TPR). 

The structure of active component – highly 
dispersed copper oxide clusters and interaction of 
these supported copper species with the zirconia 
and ceria surface were elucidated. The structure 
features of support material were studied. 

In the case of the CuO/CeO2/ZrO2 catalysts an 
incorporation of some copper ions into the surface 

layers of the CeO2 lattice was shown. The main 
copper species were copper (II) oxide clusters 
strongly disordered in comparison with the bulk CuO 
in the catalyst with low copper content (2-5 wt.%). 
The increase in the copper loading (> 10 wt.%) led 
to predominant formation of bulk CuO phase. 
Determined structural features of active component 
formation accounted for catalytic activity: 
predominant formation of bulk CuO phase was 
coupled with catalyst deactivation in PROX process. 
The highest values of selectivity of the CO 
oxidation were observed at the copper content of 5-
10 wt. %. 

In the case of the CuO/ZrO2 catalysts the 
formation of active copper species was shown to 
depend on zirconia polymorphs.  

An epitaxial growth of bulk CuO particles 
on certain planes of the monoclinic zirconia (m-
ZrO2) was shown, while copper (II) oxide chain 
clusters and chain network were the main copper 
species on the surface of tetragonal zirconia  
(t-ZrO2). 

 
 
Fig. 1. Arrangement of copper atoms in 

surface layers of the m-ZrO2.lattice at epitaxial 
contact. 

The obtained results of temperature 
programmed reduction of the CuO/ZrO2 catalysts 
were in agreement with structural data and allowed 
to characterize a reactivity of the active component 
nanoparticles in redox processes. 
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Fig. 2. TPR profiles of the CuO/m-ZrO2 

catalysts containing 40wt.% (1), 10wt.% (3) 5wt.% 
(4), 3wt.% (5) of copper and bulk СuO (2).  

 
A substantial shift of reduction peak to low 

temperature values at decrease in the copper 
content implied the formation the copper oxide 
nanoparticles characterized by increased reactivity 
in the redox processes.  

Higher temperatures required for reduction 
of the copper oxide species in the CuO/t-ZrO2  
catalysts compared with ones in the CuO/m-ZrO2 
at close values of specific surface area of supports 
and particle sizes suggested strong interaction of 
copper species with the surface of the tetragonal 
zirconia.  

In the case of monoclinic zirconia the 
formation of higly dispersed CuO particles with 
crystallite size d<2nm characterized by weakly-
bounded oxygen and high reactivity (according the 
TPR data) along with large crystallites CuO was 
revealed. However a fraction of these particles was 
less than 24% at considered range of the copper 
loading in the catalysts. 

Conclusions 
Furthermore, it was shown that copper-

containing low temperature catalysts based on the 
tetragonal zirconia could be used for bioethanol 
reforming for the hydrogen production along with 
formation of acetaldehyde, acetone, ethylene from 
renewable sources. The process was characterized 
by absence of carbon monoxide formation. That is 
important for subsequent use of obtained hydrogen 
in polymer electrolyte membrane fuel cells. 
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