
 850

COMPUTER MODELING OF HYDROGEN FUEL CELL SUBSYSTEMS: 
CARBON NANOGEL ELECTRODES AND FRACTAL NANOPARTICLE 

CATALYSTS 
 

Zhukovsky М.S. (1), Fomina L.V. (2), Beznosyuk S.А. (3)*    
 (1) Altai State Technical University, Lenin Av., 46, Barnaul, 656038, Russia 

(2) Angarsk State Technical Academy, Tchaikovsky Str., 60, Angarsk, 665835, Russia 
(3)Altai State University, Lenin Av., 61, Barnaul, 656049, Russia 

*Fax: + 7 (3852) 36-39-21  E-mail: bsa1953@mail.ru 
 

Introduction 
Problem of transformation of chemical energy 

direct into electric energy is one of actual problems 
of a science and techniques. Now wide-ranging 
studies using of oxidation-reduction reactions of 
burning of fuel in fuel elements are conducted. As 
oxidized substances the most non-polluting is 
gaseous hydrogen, as an oxidizer – oxygen or air.  

In fuel elements oxygen (cathode) and 
hydrogen (anode) electrodes are divided by ion-
transfer electrolyte (acids or the alkalis, fused salts 
and so forth). Current-generating process is made 
on border of an electrode with electrolyte. In case 
of alkaline electrolytes electrochemical process of 
oxidation of hydrogen on the anode with 
participation of hydrate -ions is initiating. The 
overall performance of a fuel element is in many 
respects defined by processes on border of the 
anode and alkaline electrolyte.  

In case of application of gaseous products 
electrodes are usually fabricated with hollow 
porous tubes and plates. It is known that the porous 
structure of an anode electrode forms a basis for 
formation of transport system of delivery of gas of 
hydrogen molecules on electrode-electrolyte 
interface, and also conducting medium system for 
electron current drainage from a zone of reaction 
of oxidation of hydrogen in an external electric 
circuit of a fuel element [1].  

It is known also that an obligatory link of a 
fuel element is the catalyst of electrochemical 
reactions on electrodes. As the catalyst of 
oxidation of hydrogen on the anode of a fuel 
element traditionally use platinum metals. 
Replacement of metals of family of platinum on 
more accessible, but not less effective catalysts is 
economically and technically important stage of 
development of the industry of fuel elements [2].  

In present work we take under consideration 
some foundations of new multilevel approach to 
the treatment of this problem on the basis of 
application of principles of nanotechnology, which 
were earlier investigated by us (see, for example, 
[3, 4]).  

Results and discussion 
The essence of the offered treatment consists 

in multifunctional use of submicronic system of a 
meso porous of the anode as reactors of synthesis 
and carriers of nanocomposite d-metal-carbon 
catalysts accelerating chemical reactions of 
oxidation of hydrogen on the interface of an 
electrode with electrolyte at the expense of bi-
radical forms of molecules of hydrogen Н↑-Н↓. 
These bi-radical molecules are activated by  
d-transition metal atoms and super-adsorbed on a 
carbon nanogel surface of the catalyst.  

On Fig. 1 the multilevel structure offered 
catalyst nanosystem is shown. According to the 
diagram, consecutive synthesis the nanocomposite 
catalyst includes a number of the basic stages.  

At the first stage of synthesis at nanodiamond 
hydrogel impregnation of a mesoporous 
micromatrix of an electrode (Fig. 1а) a carbon 
nanogel is synthesized in a mesopoures (Fig. 1b). It 
is possible to replace nanodiamond by others 
carbon nanoparticles such as carbon nanotubes, 
nanofibres, nanographenes. At porosity of  
20 % - 50 % the nanogel has "cellular-matrix" 
morphology with the average linear size of a 
nanopore an order of 10 nanometers [5].  

At a following stage in some gel "cellular" 
nanopores there are a synthesis of fractal 
nanosystems of d-metal atoms (Ni, Co, Rh), which 
are known as catalysts of reactions hydrogenation  
of hydrocarbons (Fig. 1c) [6].  

The mechanism of activation: Н2 → Н↑– Н↓ of 
hydrogen molecules is defined by their interaction 
with atoms of fractal d-metal nanoparticles. After 
that activated bi-radicals are distributed by the 
“spillover” mechanism on a carbon nanoparticles 
"cellular-matrix" nanogel pore’s surfaces forming 
super-adsorbate [Н↑-Н↓]n of activated molecular 
hydrogen bi-radicals [7]. 

The high density of the activated bi-radicals of 
hydrogen [Н↑-Н↓]n on the electrode-electrolit 
interface allows to create high density of a electron 
current in a fuel element. In particular, on the 
electrode – alkaline electrolyte surface there are 
mass chemical reactions of type:  

[Н↑-Н↓]n + 2n[ОН–] → 2n[H2O] + 2n[e–] 
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Fig.1. A multilevel structure of nanocomposite  
d-metal-carbon electrode catalysts: A – a 
mesoporous micromatrix of an electrode,  
B – carbon nanogel in a mesopore, C – fractal  
d-transition metal nanosystem, D – the active 
centre of d-transition atom.  
 
Conclusions 

In the presented work a computer imitation of 
algorithm nanoengineering of multi-level devices 
such as nanocomposite d-metal-carbon electrode 
catalysts is offered.  

Multilevel physical and chemical behaviours 
above considered fractal d-metal-carbon 
components of composite catalysts and their 
nanosynthesize processes were earlier investigated 
by methods of computer experiment in a cycle of 
our works [5-7]. 

Nanoengineering algorithmically in time 
adjusts a multilevel system of corporative 
proceeding casual processes. There are three 
multilevel components of nanoengineering: 

quantum (atomsystem), quantum-classical 
entanglement (nanosystem) and classical (meso- 
and microsystem) procedures.   

Nanosystem level is the most basic one. 
Obeyed the law of self-assemblage and self-
organizing it has the most difficult processing [3]. 
Nanosystem’s self-management operations are 
dominated by quantum-classical entanglement as 
information laws.  

At the same time classical dynamics of a meso 
pores in a micromatrix of an electrode and 
quantum dynamics of atoms in the active centers of 
the catalyst give to an operator some chances of 
external management of all multilevel devices by 
means of the directed application of different 
physical fields.   
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