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Abstract 

This article presents research and formation of new effective 

functional electrode materials with bimetallic platinum-

palladium nanoparticles on polymer and carbon matrix 

substrates. Physicochemical and energy characteristics of the 

proposed electrode materials were investigated. 

Keywords: polymer membranes, renewable power sources. 

 

1. INTRODUCTION 

In recent years new types of electricity generation based on 

wind, water, solar and other renewable energy sources (RES) 

are intensively developed [1-6] (figure 1). It has been 

becoming obvious that renewable energy can overcome the 

challenges thrown by conventional fossil fuel-based power 

plants.  

 

 

Fig.1. Renewable energy annual investment by technology 

type [6]. 

 

Conventionally, natural resources, like, wind, solar and hydro 

are termed as renewable energy sources (figure 1). 

Nanotechnology provides essential improvement potentials 

for the development of both conventional energy sources 

(fossil and unclear fuels) and renewable energy sources like 

geothermal energy, sun, wind, water, tides or biomass. 

Breakthroughs in nanotechnology open up the possibility of 

moving beyond our current alternatives for energy supply by 

introducing technologies that are more efficient and 

inexpensive. According to various researchers [7-19], 

nanotechnologies provide the potential to enhance energy 

efficiency across all branches of industry and to economically 

leverage renewable energy production through new 

technological solutions and optimized production 

technologies.  

A fuel cell is an electrochemical device that continuously 

converts the chemical energy of externally supplied fuel and 

oxidant to electrical energy [1,4,7-18]. Fuel cells are 

customarily classified according to the electrolyte employed. 

The five most common technologies are polymer electrolyte 

membrane fuel cells (PEMFC), alkaline fuel cells (AFC), 

phosphoric acid fuel cells (PAFC), molten carbonate fuel cells 

(MCFCs) and solid oxide fuel cells (SOFC). However, the 

popularity of PEMFC, a relatively new type of fuel cell, is 

rapidly outpacing that of the others.  

Unlike most other types of fuel cells, PEMFC use a solid 

electrolyte, which is based on a polymer backbone with side-

chains possessing acid-based groups. The numerous 

advantages of this type of electrolytes make the PEM fuel cell 

particularly attractive for smaller-scale terrestrial applications 

such as transportation, home-based distributed power, and 

portable power applications.  

Сommercial perfluorinated proton exchange membrane 

developed by DuPont (Nafion) is mainly used in electrodes 

for fuel cells. Reactions at the anode and cathode for PEMFC 

are described by the following equations [10,11]: 

Anode: H2 – 2ē → 2H+    (1) 

Cathode:  1/2O2 + 2ē + 2H+ → H2O   (2) 

Overall reaction: H2 + 1/2O2 → H2O   (3). 

The distinguishing features of PEMFCs include relatively 

low-temperature (under 90°C) operation, high power density, 

a compact system, and ease in handling liquid fuel. 

 

Fig.2. Fuel cell with proton exchange membrane (PEMFC). 

Platinum (Pt) and palladium (Pd)-based catalysts are widely 

used as the anodic electrode material for hydrogen oxidation 

[7,8,12-18]. Bimetallic Pt-Pd nanocomposites on Nafion 
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polymer membrane were studied previously [13,14]; it was 

found that the polymer nanocomposites exhibit a high 

catalytic activity in the hydrogen and formic acid oxidation 

reactions during fuel cells operation.  

When the nanosized catalyst is dispersed in high surface 

support, for example, carbon nanotubes, part of the active 

sites may be inaccessible to the oxygen reduction or fuel 

oxidation reactions, thus reducing the utilization of Pt and Pt 

alloy electrocatalysts. One possibility is that to add or 

impregnate the protonic conducting polymers such as Nafion 

into the Pt/C catalyst layer since the ionic and electronic 

contacts are essential components for the high Pt catalyst 

utilization [17,18]. Nafion impregnation extends the three 

phase boundary where electronic collection, ionic collection 

and reactant gas meet, resulting in the increase of the catalyst 

utilization. The content and distribution of Nafion in the 

catalyst layer play an important role on the structure and 

electrochemical performance of a fuel cell [10,17,18]. Hereby, 

the preparation of ionic conducting ionomer impregnated Pt-

Pd catalysts supported on carbon nanotubes can also 

significantly affect the performance and catalytic activity of 

the catalysts in hydrogen-oxygen fuel cells. 

The objective of this study is to implement a controlled 

synthesis of Pt-Pd nanocatalysts based on Nafion-type 

polymer membranes with multi-walled carbon nanotubes and 

evaluate the specific functional characteristics of electrode 

nanocomposites under hydrogen-air fuel cells operation. 

 

2.  MATERIALS AND METHODS 

2.1. Nanocomposites formation 

Bimetallic platinum-palladium nanoparticles were synthesized 

by chemical reduction with sodium borohydride NaBH4 (98%, 

Merck, Germany) in reverse microemulsion solutions [6-10] 

using Triton X-100 as nonionic surfactant. The method of 

solution preparation was as follows: a water-organic solution 

of 0.01 M H2PtCl6 and [Pd(NH3)2]Cl2 (Sigma Aldrich, USA) 

mixture was prepared. For reverse microemulsions formation 

the nonionic surfactant Triton X-100 (Sigma Aldrich, USA) 

have been used. Then, a microemulsion of a similar 

composition containing 0.1 M aqueous solution of the 

reducing agent – NaBH4 was added to 0.15 M surfactant 

solution with metal salts under ultrasonic stirring for 2-3 min. 

During mixing process of two microemulsions the 

simultaneous reduction of platinum and palladium ions in 

micelle water pools – microreactors was observed. The molar 

water/surfactant ratio (ω) in the experiments was varied from 

1.5 to 8 and was the same for the emulsion mixture with metal 

salts and reducing agent. In order to prevent the destruction of 

nanoparticles under the light influence, microemulsion 

solutions were stored at room temperature in a dark room. The 

molar ratio of platinum metals in bimetallic Pt-Pd 

nanoparticles ranged from 1:7 to 5:1.  

The perfluorinated membrane of the Nafion-115 (Nf) type 

(Sigma Aldrich, USA) with a thickness of 0.127 mm and 

multi-walled carbon nanotubes (MWCNT) (Sigma Aldrich, 

USA) were applied as main components of the combined Nf-

MWCNT membrane. The diameter of multi-walled nanotubes 

was 110-170 nm. Weighed amount of carbon nanotubes pre-

solubilized in water were placed in a cuvette with bimetallic 

nanoparticles solution and subjected to ultrasonic influence on 

the Ultrasonis Cleaner UD 150SH-6L disperser (Eumax, 

Germany) for 5 minutes at room temperature. The resulting 

mixture was deposited on the polymer membrane Nafion and 

dried in Ar atmosphere for 30-40 minutes. In order to remove 

surfactant and solvent traces from the composite surface all 

the samples were washed in isooctane, ethanol and distilled 

water.  

 

2.2. Investigation methods 

The size of bimetal Pt-Pd nanoparticles was estimated by 

means of atomic force microscopy (AFM) with N-Tegra 

Prima microscope (NT MDT, Russia). The phase composition 

and size of bimetallic nanocomposites were studied on a 

powder X-ray D8 FOCUS diffractometer (Bruker AXS, 

Germany). Filtered CuKα radiation in the step mode with a 

pulse collection time of 5 s and a step size of 0.5о was used. 

The volt-ampere and watt-ampere tests of the models of the 

membrane-electrode units of fuel cells were performed on 

Fuel Cell Test System 850C (Scribner Associates Inc., USA).  

 

3. RESULTS AND DISCUSSION 

The size and shape of Pt-Pd nanoparticles were studied by 

atomic force microscopy method in a tapping mode. It was 

found that Pt-Pd nanoparticles have spherical and ellipsoidal 

shapes and sizes from 4 to 7 nm. With solubilization 

coefficient ω enhancement to 8, the nanoparticles size 

increase to 8-11 nm. In other words, varying the solubilization 

coefficient ω value, it is possible to control the size of the 

resulting particles.  

To estimate the phase composition and particle size in 

nanocomposites the X-ray phase analysis was obtained. A 

comparative evaluation of X-ray data of Pt and bimetallic Pt-

Pd nanoparticles on the surface of the combined polymer-

carbon nanotubes membrane was carried out.  

Figure 3 demonstrates Pt and Pt-Pd nanocomposite 

difractogramms (metals ratio of 1:1, 1:5 and 5:1) on Nf-

MWCNT at ω = 1.5.  

 

Fig. 3. X-ray fluorescence analysis of Nf-MWCNT 

nanocomposite at ω = 1.5: 1 – Pt:Pd (5:1), 2 - Pt:Pd (1:5),  

3 - Pt:Pd (1:1), 4 - Pt. 
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For monometallic Pt/Nf-MWCNT nanocomposites, platinum 

specific reflexes may be attributed to platinum nanoparticles 

at θ = 39.76o (111) and 46.23o (200). Due to the fact that Pt 

and Pd have the same crystal structure (Fm3m) and lattice 

parameters (face-centered cubic, a = 3.92400 Å and 3.99100 

Å, respectively), the diffraction peaks of Pt-Pd/Nf-MWCNT-

based nanocomposites practically coincide with the peaks of 

Pt/Nf-MWCNT monometallic nanocomposites. It should be 

noted some shift towards large values of angles for Pt(111) 

(40.05o) and Pt (200) (46.50o). For bimetallic nanoparticles 

with platinum excess (5:1) in nanocomposite, a much higher 

intensity of Pt-Pd peak (111) is observed (figure 3, curve 1). 

There is also a peak at 27.4o, which corresponds to palladium 

oxide(II) PdO (111). So it may be supposed that there is a 

certain amount of palladium oxide(II) on the nanocomposite 

surface For metal-polymer nanocomposites with platinum 

deficiency (1:5), reflexes exhibit very low intensity (figure 3, 

curve 2). 

The models of hydrogen-air fuel cells with the prepared Pt-

Pd/Nf-MWCNT composite were investigated. The models 

were prepared by hot pressing of membrane-electrode 

assemble using a Nafion solution for increasing the contact 

area of electrodes with a proton-conducting membrane. The 

membrane-electrode assemble consisted of Nafion 115 

membrane pressed between the composite anode and cathode 

based on Nf-MWCNT. The pressing was performed at 85°С 

for 3 min.  

Three types of membrane-electrode assemble models of fuel 

cells were fabricated: 

Model 1: platinum-palladium catalyst content ms = 2 mg/cm2, 

mean diameter of nanoparticles 3-4 nm, Pt:Pd ratio was 5:1. 

Model 2: platinum-palladium catalyst content ms = 1.3 

mg/cm2, mean diameter of nanoparticles 3-4 nm, Pt:Pd ratio 

was 5:1. 

Model 3: platinum-palladium catalyst content ms = 2 mg/cm2, 

mean diameter of nanoparticles 3-4 nm, Pt:Pd ratio was 1:5. 

On figure 4 the volt-ampere characteristics (U-j) of models 

№1-№3 are presented.  

 

Fig. 4. Volt-ampere characteristics of models №1-№3 based 

on Nf-MWCNT. The hydrogen pressure р(Н2) is 1 atm., 

temperature is 25oС. 

The study concluded that a model № 3 (curve 3) has the 

smallest specific characteristics. This result come from the 

fact that nanocomposite electrode has a low platinum content, 

in consequence of which the degradation of electrodes occurs. 

The improved energy characteristics of the all three fuel cell 

models were obtained by using electrodes with platinum-

palladium catalyst content of 2 mg/cm2, mean nanoparticles 

diameter of 3-4 nm, and Pt:Pd ratio was 5:1. The maximum 

current density was 130-140 mA/cm2 in the operating voltage 

range of 0.4-0.6 V. 

On figure 5 the watt-ampere characteristics (P-j) of models 

№1-№3 are presented. 

 

 

Fig. 5. Watt-ampere characteristics of models №1-№3 based 

on Nf-MWCNT. The hydrogen pressure р(Н2) is 1 atm., 

temperature is 25°С. 

 

The maximum specific power was 65±3 mW/cm2 with current 

density of 130±10 mA/cm2. At platinum content higher than 

5:1 the specific power drastically decreases, probably because 

of a significant increase in the polarization loss characteristic 

of hydrogen-based fuel cells. Thus, an increase in the 

temperature of functioning of the membrane-electrode 

assemble and a decrease in the size of the catalyst 

nanoparticles lead to an increase in the specific power of the 

fuel cell at a given current density. 

Thus, the choice of the optimal ratio of platinum catalyss in 

the operation of the membrane-electrode assemble of 

hydrogen-oxygen and reducing of the catalyst nanoparticles 

size leads to an increase in the specific power of the fuel cell 

at a given current density. The results obtained in this work on 

the specific values of power and current density correspond, 

and the specific parameters per unit mass of platinum catalysts 

exceed the maximum values for similar electrochemical 

systems based on carbon carriers (carbon black, CNT), 

presented to date. 

 

4. CONCLUSION 

Effective electrode materials based on Nafion and multiwalled 

carbon nanotubes with platinum-palladium nanoparticles for 

/word/consequence
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chemical energy sources were formed. The nanocomposites 

have been demonstrated the enhanced catalytic activity in 

hydrogen oxidation and oxygen reduction reactions. The 

functional characteristics of materials were evaluated in 

operating conditions of hydrogen-oxygen fuel cells. The 

maximal specific power (65 mW/cm2) and current density 

(130 mA/cm2) for fuel cell prototypes were observed for 

electrodes with following parameters: platinum-palladium 

catalyst content of 2 mg/cm2, nanoparticles diameter 3-4 nm 

and Pt:Pd ratio – 5:1. Consequently, the paper demonstrates 

the principal possibility of the effective materials formation 

for renewable energy sources. 
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