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Introduction 

Development of effective processes of the 
hydrocarbon fuel conversion to syngas and 
hydrogen can determine economic prospects of the 
hydrogen power engineering systems 
implementation. Hydrocarbon steam reforming is a 
flexible process ensuring conversion of a wide 
variety of fuels (methane, fossil fuels, biogases). 
Application of catalysts deposited to monolithic 
metallic substrates with high thermal conductivity 
is expected to increase the effectiveness of all the 
system due to the enhanced heat transfer within a 
reactor and prevent formation of comparatively hot 
spots and cool zones affecting the overall system 
performance.   

In contrast to approaches when an active 
compound in deposited onto a dense surface, the 
use of porous catalyst supports can enhance the 
reactor performance due to an increase of a 
gas/catalyst interface (when there are no diffusive 
limitations). 

Results of the studies of monolithic catalysts 
comprising a heat conductive metallic support 
made from a high-porosity cellular material 
(metallic foam) and various active coatings are 
discussed in the presentation. 
 
Results and discussion 

The monolithic catalyst development problem 
supposes the resolution of two comparatively 
independent tasks: 1) development of a metallic 
support having the necessary structural parameters, 
retaining its physical and mechanical parameters 
during the long-term period in the reaction 
environment and not affecting a catalytic active 
component; 2) optimization of the catalytic active 
component composition ensuring the necessary 
selectivity and high hydrocarbon fuel conversion 
rate. 

In this study, cellular supports are manufactured 
via the polymeric foam replication route [1]: based 
on nickel (electro-chemical replication), 

intermetallic Ni-(3-5)wt.% Al (electro-chemical 
replication combined with the thermal-diffusion 

treatment) and feriite stainless steel Fe-30wt.% Cr 
(replication with a metallic suspension). The 
support structure is presented in Fig. 1. Successful 
application of the foam structure supports in 
reactions characterized by the high reaction media 
velocities and intensive heat flows is defined by 
low hydraulic losses and intensive heat transfer 
between the media and the catalyst surface [2, 3]. 

Studies of the support corrosion resistance are 
carried out in a flow-through reactor with a model 
gas media containing  
Ar + 2vol.% H2 + 2vol.% H2O at 600oC during 
500-1000 h. There is no remarkable degradation of 
supports manufactured from NiAl and FeCr. 
However, it has been stated later on that the FeCr 
support interacted with the active compounds 
during the catalytic active component deposition 
process: the Cr and Fe ion migration to the active 
coating excited the hydrocarbon cracking, which 

 
 

Fig. 1. Structure of the support (FeCr). 
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promoted the accelerated coking and the catalyst 
deactivation.  

Catalysts of the Ni/Ca-Al2O3 type are 
conventionally used in the hydrocarbon steam 
conversion reactions. Tendency to coking and fast 
deactivation at close to stoichiometric H2:H20 
ratios is the drawback of this catalyst type [4]. In 
this study, metallic substrates were coated with a 
modified catalyst that was prepared as follows. The 
standard NiO (60wt.%) – 8YSZ (40wt.%) 
composite for the high-temperature solid oxide fuel 
cell anodes is doped with 10wt.% of the fluorite-
like oxides Ce-Zr-O, Pr-Ce-Zr-O, La-Ce-Zr-O by 
means of the Peccini method [5]. Pd, Pt or Ru 
promoters are introduced to the catalysts by 
impregnating. Catalysts of this type: 1) ensure the 
resistance to coking in the wide temperature range 
and stoichiometric H2:H20 ratios; 2) shift the 
reaction ignition temperature to the middle-
temperature range [6]. Studies of the catalyst 
activity are carried out in a flow-through reactor 
with the gas mixture 8vol.%CH4 + (8-24) 
vol.%H2O + N2 (balance) at 10-25 ms contact time. 
The synthesized catalysts are stated to ensure high 
activity and stability at short contact time. Activity 
of catalysts deposited to porous metallic supports 
is similar to the activity of conventional massive 
SOFC anode plates with the same active layers. 
Even in the case of the diluted mixture feed 
(1vol.%CH4 + 1vol.%H2) and short contact time 
the reaction ignited at ~450оС (Fig.2). 

 
 

Besides, it is stated that the developed catalysts 
can demonstrate a good performance in the steam 
reforming to the syngas reactions of: ethanol, 
acetone, biofuels. 
 
Conclusions 

Processes of synthesis of porous metallic 
catalyst supports and catalysts that are prospective 
in the methane and other fuels steam reforming 
reaction are discussed in the paper. Elimination of 
remarkable temperature gradients, enhanced 
mechanical properties and the increased 
gas/catalyst interface area are main advantages of 
the porous metal supported catalysts.  
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Fig. 2. Reaction TPR curve. 


