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Introduction 
Nowadays interest to alternative energy sources 

is very high. In this area there are a lot of 
fundamental and applied scientific investigations 
all over the world.  

The polymer electrolyte fuel cells (PEFC) 
system is considered as an alternative power 
source and is particularly promising for mobile 
applications.  

Fuel cells operate as energy conversion devices, 
and when supplied with hydrogen derived from 
renewable energy sources they have the potential 
to substantially and positively impact many areas, 
including environmental, economic and energy 
security.  

The design of the electrodes for PEFC is a big 
issue. Conductance of gas, electrons and protons 
must be optimized to provide efficient transport to 
and from the electrochemical reactions areas. 
Therefore, it is important to optimize the 
membrane-electrode assemblies (MEA’s) 
fabrication methods. This paper reports on two 
methods of MEA’s fabrication: electrospraying 
and pulverization of alcoholic dispersion of 
platinum black. Both methods use direct spaying of 
the catalyst ink on the proton-exchange membrane 
excluding hot-pressing that is usually used in 
fabrication of MEA [1].  
 
Results and Discussion  

The main difficulty in fabrication of MEA’s for 
fuel cells is formation of the triple phase boundary 
in the catalyst layer [2]. The TPB concept presents 
that the hydrogen oxidation reaction and the 
oxygen reduction reaction can only occur at 
confined spatial sites where electrolyte, gas and 
electrically connected catalyst regions contact. 
There are different factors influencing the 
formation of TPB: catalyst ink content, catalyst 
layer fabrication conditions and methods and etc. 

In our work MEA’s have been fabricated by 
two methods: pulverization (Fig.1) and 
electrospraying (Fig.2). 

The main goals have been to obtain thin 
catalyst layer that would supply good proton 
conductivity, to lower platinum loading and at the 
same time to get high power densities. 

The catalyst ink used in the experiment is a 

mixture of: commercial catalyst E-Tek with 20% 
platinum content, alcoholic solution of Nafion 
(20%) and alcohol. In both methods the same 
amount of catalyst ink has been applied. The 
weight of the catalyst layer has been controlled by 
high-accuracy weighing machine. The platinum 
loading has been: anode side - 0.12 mg/cm2, 
cathode side – 0.33 mg/cm2. Active area of the 
electrode is 5,29 cm2.  

 

 
 

Fig.1. The scheme of MEA fabrication by 
pulverization method.  
 

In the pulverization method the catalyst ink has 
been sprayed from reservoir through airbrush 
under pressure produced by compressor.  

In electrospraying method the ink from 
reservoir comes to the needle (100 μm). The needle 
is in contact with anode under load U0 and with 
extractor under load U1. The formed electric field 
extracts the ink from the needle [1]. 

In both methods the base where the membrane 
has been situated has been heated to 80oC to 
facilitate alcohol evaporation.  

The main advantage of both methods is that 
catalyst ink is applied directly on the membrane 
therefore the hot-pressing  is not needed and it 
gives the possibility to form MEA’s without 
destroying the structure of the proton-exchange 
membrane and of the catalyst layer. 
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Fig.2. The scheme of MEA fabrication by 

electrospraying method.  
 
We have used voltamperometry for 

characterization of fabricated MEA’s. The results 
of these measurements has been presented in Fig.3. 

 

 
Fig.3. The volt-ampere and power characteristic 

of MEA derived by pulverization and 
electrospraying methods. 
 

The membranes with catalytic layers have been 
tested in a standard dismantable fuel cell extension 
kit (12E-W MEA, Heliocentris). In this cell the 
sample has been placed between two plates and 
operates in compression mode. The measurements 
have been conducted under room temperature by 
flowing dry hydrogen (humidity 5%) on the anode 
side and dry air (humidity 40-50 %) on the cathode 
side. The pressure of the gases was not higher then 
0.01 gauge atmosphere. 

The results of investigation presented on Fig. 3 
show that higher power densities have been 
achieved when fabricating the MEA’s by 
electrospraying method.  

The impedance measurements of the MEA’s 
have shown that the resistance on the interface 
catalyst layer-membrane is low and almost the 
same. So we can assume that the contact of the 
catalyst layer with the membrane is good in both 
cases. The main reason for lower power densities 
in the samples derived by pulverization method 
can be the microstructure of the catalytic layer.  
 
Conclusions 

Two methods of fabrication of MEA’s for fuel 
cells have been investigated. Catalytic layer 
formation that is essential for fuel cell operation is 
different in the electrospraying method and in the 
pulverization method. 

Furthermore, we plan to analyze the 
microstructure of catalytic layers obtained by the 
pulverization and electrospraying methods. SEM 
and AFM experiments [3] are being planned. This 
can give an explanation of the MEA’s performance 
and give us a possibility to optimize the methods 
of MEA’s fabrication.  

It is important to mention that the pulverization 
method is less expensive and more safe, therefore 
it is important to proceed on optimization of this 
method.  
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