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ABSTRACT  
 

 MAX phases – specific materials of general formula Mn+1AXn, (MAX) where n = 1 to 4, where M is 
early transition metal, A is element from the group of Al, Si or P and X is carbon or nitrogen, have 
attracted great attention in materials science, especially as high performance supports for noble metals 
group catalysts intended to be used for hydrogen production by water electrolysis, as well as for fuel 
cells reactions. These materials demonstrated good mechanical properties, high conductivity, high 
chemical and corrosion stability, especially in the potential range from hydrogen to oxygen evolution 
that is of great interest for low temperature fuel cells reactions. In this research ultra- low loading 
platinum layers were deposited onto Ti2AlC and (Nb-Ti)2AlC MAX phases supports and 
characterized as the catalysts for anode (hydrogen oxidation) and cathode (oxygen reduction) reactions 
for low temperature fuel cells. Physical-chemical characterization was performed by: Scanning 
Electron Microscopy (SEM), X-Ray Photoelectron Spectroscopy (XPS), Focus-Ion Beam High 
Resolution Transmission Electron Microscopy (FIB-HRTEM).  The electrochemical characterization 
for both anode and cathode reactions was done by cyclic voltammetry and linear sweep voltammetry 
and very good activities were confirmed in comparison to carbon supported commercial catalysts. It 
should be emphasized that progress beyond state of the art was made in terms of lower Pt loading - 
being only 18.3 µg cm-2 (for HOR the state of the art is ≈ 50 µg cm-2,  while for ORR 200 -400 µg 
cm-2).  These novel catalysts exhibited high durability according to US DOE standardized tests, as 
well. It is worthy to mention that the support materials are low cost and electrodeposition, as well. 
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