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Abstract 

At present work new effective platinum catalysts on Nafion-

carbon nanotubes support were synthesized. Physico-chemical 

and catalytical nanocomposites characteristics were studied by 

electron microscopy, photoelectron spectroscopy and cyclic 

voltammetry methods. The optimal parameters of the 

composites to achieve the highest catalytic activity are 

established.  
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1. INTRODUCTION 

Currently, researchers work around the world is centered in 

the search for design of chemical energy sources that are 

electrochemical devices for converting free energy of 

chemical reaction into electrical energy. One of such energy 

sources are fuel cells (FC) [1-14]. The reaction products are 

thermal energy and water/steam while hydrogen, methanol, 

ethanol, formic acid and may be used as fuel. As oxidizer air 

oxygen may be used. The fuel cell is able to produce electrical 

energy continuously as long as it is supplied with fuel and 

oxidizer.  

The key part of the fuel cell is the membrane-electrode 

assembly (MEA) that consists of two electrodes: anode and 

cathode separated by a polymer membrane [1,3,7] (figure 1). 

The main type of perfluorinated polymer membranes used in 

fuel cells are Nafion and polytetrafluoroethylene membranes. 

As fuel the hydrogen or other hydrogen-containing 

compounds, for example, methanol, ethanol, formic acid, etc. 

are used.  

 

Fig. 1. Schematic of the fuel cell based on proton exchange 

membrane with Pt-catalysts. 

Development of catalytically active electrode nanocomposite 

materials for high-efficiency conversion of hydrogen-

containing fuels is a fundamental scientific problem of 

modern physical chemistry and nanotechnology [1-16]. 

Enhancement of physical and chemical nanocomposites 

techniques based on metal-polymer membranes is a 

fundamental task, in particular, for the micro-power energy 

converters designing. The size and shape of nanoparticles 

(NP) embedded in the functional matrix – for example, 

polymer membrane or carbon nanotubes (CNT) – play a key 

role in selectivity and stability of power sources [4-14]. In the 

nanoscale state, catalysts are be able to exhibit unique 

properties, so the improvement of physical and chemical 

methods for the formation and stabilization of nanoparticles 

on polymer matrices allows to obtain materials with enhanced 

functional characteristics. This is most important for modern 

energy sources engineering, which require a significant 

increase in specific parameters (current density, specific 

power, weight and size, service life) compared to traditional 

current sources. It is reasonable to expect that polymetallic 

membrane nanocomposites formation will solve a number of 

the above problems and stimulate the creation of structural 

materials for new generation energy sources [1,3]. In 

particular, the bimetallic catalysts application will allow to 

construct energy sources with high specific parameters. 

The objective of represented work is the controlled synthesis 

of Pt nanocatalysts based on Nafion polymer membranes with 

carbon nanotubes and determination of nanocomposites 

catalytic characteristics in hydrogen oxidation and oxygen 

reduction reactions. 

 

2.  MATERIALS AND METHODS 

2.1. Nanocomposites formation 

Platinum nanoparticles were synthesized by chemical 

reduction with sodium borohydride NaBH4 (98%, Merck, 

Germany) in reverse microemulsion solutions using Triton X-

100 as nonionic surfactant. The method of solution 

preparation was as follows: a water-organic solution of 0.01 

M H2PtCl6 (Sigma Aldrich, USA) was prepared. 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 
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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 perfluorinated membrane of the Nafion 115 type (Sigma 

Aldrich, USA) with a thickness of 0.127 mm and single-wall 

and multi-wall carbon nanotubes (Sigma Aldrich, USA) were 

applied as main components of the mixed Nafion-CNT 

membrane. The diameter of single-walled nanotubes was 1.3-

2.3 nm, multi-walled – 110-170 nm. A sample of carbon 

nanotubes previously solubilized in water was 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 traces of surfactant and solvent 

from the composite surface all the samples were washed in 

isooctane, ethanol and distilled water.  

 

2.2. Investigation methods 

The size of Pt nanoparticles was estimated by means of 

atomic force microscopy (AFM) with N-Tegra Prima 

microscope (NT MDT, Russia). Photon-correlation analysis of 

nanostructured solutions was carried out by dynamic 

backscattering on Malvern Zetasizer Nano-ZS 

spectrophotometer (Beckman Coulter, Spain). All the samples 

were filtered (d = 450 nm). The surface morphology of 

platinum-palladium nanocomposites was characterized with 

scanning electron microscopy (SEM) using Zeiss Libra 200FE 

microscope (Carl Zeiss, Germany). The X-ray photoelectron 

spectra (XPS) of Pt nanoparticles adsorbed on Nafion-

MWCNT support were recorded on a PHI 5500 ESCA 

spectrometer (Perkin-Elmer, USA). Monochromatized Al-Kα 

radiation (hv = 1253.6 eV) was used to excite photoemission. 

High resolution spectra were recorded at a transmission 

energy of the analyzer of 29.35 eV. According to the XPS 

data, the accuracy of estimation of the content of adsorbed Pt-

Pd nanoparticles is 1-2%. Electrochemical measurements 

were performed in a conventional three-electrode cell 

controlled by IPC-PRO MF potentiostat (Tekhnopribor, 

Russia). As electrolyte a 0.5 M H2SO4 solution was applied. 

 

3. RESULTS AND DISCUSSION 

The initial stage of catalysts formation included the micelle 

water pool aggregate dimensions studying, in which the 

platinum and palladium ions reduction took place. This study 

was carried out using the photon-correlation spectroscopy 

(PCS) method. The intensity of scattered light measured by 

this method under dynamic conditions is determined by the 

diffusion rate (D) of the particles in the liquid. The D value is 

inversely proportional to the hydrodynamic diameter, which 

corresponds to the reverse micelles size and formations. 

Figure 2 shows the results of the distribution of the intensity 

of scattered radiation by Pt nanoparticles obtained in the 

analysis of the suspension by dynamic light scattering. The 

ordinate axis shows the intensity of scattered radiation (I, %), 

the abscissa axis shows the particle diameter (d, nm). The 

PCS method determines the size of not only single metal 

nanoparticles, but also their aggregates, which are divided into 

separate nanoparticles when diluted. 

 

 

Fig. 2. The distribution of the backscattering intensity on the 

size of bimetallic nanoparticles of Pt with solubilization 

coefficient ω: 1) ω = 1.5; 2) ω = 3; 3) ω = 5. 

 

From the PCS data in figure 2 it is possible to allocate three 

major fractions of Pt nanoparticles: 1) for solutions with ω = 

1.5 the first fraction contains particles ranging from 23 to 36 

nm, the second between 39 and 49 nm, the third – from 58 to 

72 nm; 2) for solutions with ω = 3 the first fraction was from 

27 to 41 nm, the second – from 44 to 56 nm, and the third – 

from 62 to 79 nm; 3) for solutions with ω = 5 the first fraction 

– from 32 to 48 nm, the second from 51 to 67 nm, and the 

third between 73 and 86 nm.  

For further research it was necessary to achieve a minimum 

distribution of nanoparticles in the water pool of emulsions. 

For this purpose, the solutions were subjected to ultrasound 

exposure for 5 to 7 minutes for particle aggregates 

destruction. 

Figure 3 shows an example of AFM image for Pt 

nanoparticles with solubilization coefficient ω = 1.5. Pt 

nanoparticles are characterized by the ellipsoidal 

nanoparticles formation.  

 

 

Fig. 3. AFM image of Pt nanoparticles at ω = 1.5. 
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For water organic Pt solutions with minimum solubilization 

coefficient ω, the average particle size was 3-4 nm (figure 4). 

 

Fig. 4. Histogram of Pt nanoparticle size at ω = 1.5. 

The formation of platinum nanoparticles on the combined 

Nafion-carbon nanotubes matrix was carried out. Table 1 

presents the scanning electron microscopy data of platinum 

sizes on different support types. From the Table 1 data it can 

be concluded that the smallest platinum nanoparticles size is 

typical for nanocomposites containing multi-walled carbon 

nanotubes. Proposed at present work nanocomposite 

formation method also confirms the influence of the 

solubilization coefficient ω on the size of bimetallic 

nanoparticles. 

Table 1. Size distribution of platinum nanoparticles in 

nanocomposites based on polymer and carbon carriers 

according to SEM data 

Composite d, nm 

ω (1.5) ω (3) ω (5) 

Nf-MWCNT 3.7–4.5 4.2–5.3 4.9–6.4 

Nf-SWCNT 4.2–5.3 4.8–5.9 5.5–6.3 

 

For the platinum metals oxide compounds detection in the 

nanocomposites XPS spectra were obtained. Figure 5 shows 

fragments of high-resolution spectra for Pt (4f) in the XPS 

spectrum of Pt/Nf-MWCNT nanocomposite aat ω = 1.5. The 

platinum spectrum Pt (4f) is a doublet of Pt4f7/2 and Pt4f5/2 

peaks with binding energies at 71.30 eV and 74.57 eV, 

respectively. The spectrum can be broken down into three 

components corresponding to Pt0, Pt2+ and Pt4+ into 71.1, 72.6 

and 74.1 eV, respectively. Comparison of peak heights 

indicates that metallic Pt0 prevails in the Pt/Nf-MWCNT 

nanocomposite.  

 

Fig. 5. X-ray photoelectron Pt spectra (4f5/2 and 4f7/2) of Pt-

Pd(3:1)/Nf-SWCNT nanocomposite at ω = 1.5 

At present work preliminary tests of catalytic activity and 

comparative characteristics of the obtained nanocomposite 

electrode materials formed with nonionic surfactant – Triton 

X-100 and anionic surfactant – AOT in the hydrogen 

oxidation and oxygen reduction reactions were carried out.  

Figure 6 shows examples of potentiodynamic curves for 

nanocomposites Pt/Nf-MWCNT and Pt/SWCNT-Nf. The tests 

were carried out in 0.5 M H2SO4 solutions which are standard 

solutions for electrocatalytic activity evaluation in the 

hydrogen-oxygen fuel cells. For nanocomposites the typical 

peaks related to the hydrogen oxidation (0-0.3 V) and oxygen 

reduction (0.7-0.8 V) were observed. 

 

 

Fig. 6. Potentiodynamic curves of Pt/Nf-MWCNT (1) and 

Pt/Nf-SWCNT (2) nanocomposites at ω = 1.5. 

 

Table 2 shows the results of the nanocomposites catalytic 

activity evaluation with variable solubilization coefficient ω 

(from 1.5 to 5). In nanocomposites both mixed carrier 

matrices (Nf-CNT) and on a single carrier (Nf) containing an 

excess of platinum (5:1), the catalytic activity is higher than in 

nanocomposites with a lower platinum content (1:1 and 1:5). 

It was found that the maximum platinum-palladium content 

corresponding to the maximum value of the catalytic 

conversion of hydrogen in nanocomposites reaches 0.34±0.05 

mg/cm2. With increasing platinum-palladium content more 

than 0.36 mg/cm2 in bimetallic nanocomposites Pt-Pd/Nf-

CNT, the nanoparticles aggregation was observed and 

catalytic activity decreased. The maximum current density is 

typical for metal-polymer nanocomposites obtained by 

chemical reduction with nonionic surfactant at ω = 1.5. As it 

was established before the oxygen reduction reaction on Pt 

nanoparticles proceeds mainly by a four-electron mechanism 

[11]. 

Table 2. Current density estimation of composites based on 

polymer and carbon carriers with platinum nanoparticles 

Nanocomposite j, А/m2 

ω (1.5) ω (3) ω (5) 

Nf-MWCNT 26.8 23.5 21.7 

Nf-SWCNT 24.6 23.5 21.7 

MWCNT 22.8 21.3 18.5 

SWCNT 20.3 19.2 18.0 
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4. CONCLUSION 

Thus, in the present work metal-polymer carbon nanotubes 

nanocomposite catalysts with platinum nanoparticles were 

synthesized. The maximum current density parameters in 

oxygen reduction and hydrogen oxidation reactions are typical 

for nanocomposites on a combined carrier matrix with 

solubilization coefficient ω = 1.5. 
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