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Introduction  
Hydrogen economy is the background of 

energy safety and sustainable development for not 
fat future. Hydrogen energy is one of keys for 
solution of ecology and energy safety problems of 
megapolises and large industrial centers. 
Application of hydrogen energy will first of all 
result in: 
- decrease of ecological impact on nature due to 
decentralized (for example based on renewables) 
energy supply with high efficiency, 
- qualitative leap in city transport emission,  
- increase of energy security quality of most 
important (sensitive) establishments such as 
hospitals, government and security bodies. 

But development of hydrogen economy is 
restrained by some technical (not sufficient 
efficiency and life time of some apparatus) and 
economical (high prices, large platinum metal 
consumption) reasons. New nanocatalysts for fuel 
conversion, electrolyzers, fuel cells; 
nanostructures solid electrolytes, membranes and 
membrane-catalyst units; nanostructured 
absorbents for hydrogen storage; nanofilms and 
nanocoatings for protection of structural 
components of apparatus may result in successful 
solution of large amount of problems.  

Electrochemical installations - fuel cells and 
electrolyzers are the key components of hydrogen 
energy for long term perspective. PEM systems 
are considered to be one of the most perspective 
for solution of large series of tasks. They are 
developed in Russia in the frame of Federal 
projects and in this paper results on application of 
nanomaterials in these systems will be 
demonstrated. 

 
Results and discussions  

In 2005-2006 in the frame of Federal Target 
Scientific Technical Program RRC “Kurchatov 
Institute together with CNIISET, “Plastpolymer”, 
MPEI developed a pilot plant with PEM fuel cell 
with power 10 kW (Fig.1.).  

 

 
 
Fig.1. 10 kW PEM pilot power plant. 
 
Original materials and technologies for 

creation of such fuel cells were developed. Further 
development partly initiated and supported by 
business was started in 2007 in the frame of 
Federal Target Program (3 years project, CNIISET 
together with RRC “Kurchatov institute”, Institute 
of Catalysis RAS, S-PbGMTU, RRC “Applied 
Chemistry”, “Plastpolymer” and others).  

Goals of the project are: - creation and  
experimental-industrial production (10 units per 
year) of PEM power plants with power 5-100 kW 
for stationary application, - development of 
industrially suitable technologies for industrial 
production of PEM fuel cells and hydrogen 
production systems by hydrocarbon fuels 
conversion.  
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In the frame of the same project high 
temperature solid oxide fuel cells are also 
developed by RFNC-VNIITF and collaborators. 

New systems for hydrogen production like 
high pressure PEM electrolysers (Fig.2) and 
“reversible systems – electrolyser-fuel cell) are 
also under development. 

 
 

 

 

 

 

 

 

 

 

 

 

Fig.2. PEM electrolyzer module and stack 
for 130 Bar. 

 
In the frame of these projects development of 

new nanostructural catalysts and electrocatalysts, 
selective membrane materials, protective and 
catalytic coatings is carried out. The role played 
by plasma technologies (magnetron ion sputtering, 
ion implantation, level-by-level chemical 
sedimentation in plasma) is significant. 

Nanostructural Pt-based electrocatalysts  
(2-10 nm) on nanostructured carbon carriers 
(including nanotubes and nanofibers) were 
developed for fuel cells and electrolyzer cathode. 
It was shown that in the interval of electrocatalyst 
particles size 3-5 nm the specific activity of the 
catalyst surface is distinctly increased. At the same 
time such carriers as nonotubes and nanofibers are 
increasing specific catalyst activity up to 15% due 
to strong interaction of the carrier with catalyst 
particles.  

Application of nanotubes and nanofibers also 
gives possibility to decrease the catalyst loading 
and increase the lifetime due to organization of 
well developed three-dimensional structure. Such 
a structure permits to involve in the process all the 
catalyst particles, decrease the voltage drops in 
catalyst layer and increase electric stability of 

catalyst particle system when carrier oxidation 
takes place. 

 
But chemical and electrochemical stability of 

such carbon materials have to be improved.   
New technologies for anode mixed oxide nano-

electrocatalysts (oxides of Ru, Ir, Sn, Ta) were 
developed. 

They permitted to create well developed 
internal structure of the electrocatalyst particles 
aggregates and increase the active surface area.  
Decrease of platinum metal loading about 2 times 
with increase of the life time up to 50% was 
observed.    

At present time for low temperature 
electrochemical PEM systems there is no 
alternative to perfluorinated Nafion type 
membranes though they have a lot of 
disadvantages. Nano-composite perfluorinated 
membranes with inorganic conductors and water 
adsorbents gave possibility to improve water 
balance and significantly (about 3 times) decrease 
the membrane gas permeability. This results in 
current efficiency improvement and safety increase 
what is especially important for high pressure 
electrolysers.    

Application of plasma technologies for catalyst 
treatment and sedimentation of catalyst regular 
structures on the membrane surface (membrane-
electrode assembly production) is giving another 
possibility for electrocatalyst efficiency increase. 
Application of same technologies for protective 
nanofilms production results in significant price 
decrease.  

Nanostructured high temperature solid 
electrolytes and electrodes gives possibility to 
decrease the solid electrolyte resistivity and/or to 
decrease the operation temperature and improve 
cell stability at switch on-switch off cycles. 

All the technologies mentioned above are 
suitable for industrial application. 

 
Conclusions 

New nanomaterials and appropriate 
technologies were developed for application in 
electrochemical systems in the frame of Federal 
projects. Only application of new nanocatalysts and 
nanostructured membranes in fuel cells and 
electrolyzers can decrease platinum consumption 
for about 3 times, increase specific productivity up 
to 50% and increase the life time in 2 times.

 

 


