
 706

METHANOL (ETHANOL) TO HYDROGEN DECOMPOSITION ON 
CARBON-METAL NANOSTRUCTURED COMPOSITES 

 
Suleimanov N. M.*, Khantimerov S. M., Kukovitsky E.F., Scheuermann R.(1), Herlach D.(1), 

Locshin A. A., Gnezdilov O. I. Matukhin V.L. 

Zavoisky Physical-Technical Institute of Russian Academy of Sciences, 420029, Kazan, Russian 
Federation 

(1) Paul Scherrer Institute, Laboratory for Muon Spin Spectroscopy, CH-5232 Villigen PSI, 
Switzerland 

*Fax: +7 843 2725075 E-mail: suleiman@kfti.knc.ru. 
 

Introduction 
In recent years an increasing interest in the 

development of direct methanol (ethanol) fuel cells 
is observed because alcohols as the fuel for fuel 
cells can be easily produced, stored and transported 
in great quantity. The overall chemical reaction 
occurring in an anode of fuel cell fed by methanol 
can be written as follows: 2(CH3OH) + 2(H2O) = 
=2(CO2) + 12(H+) + 12(e-). In reality, the oxidation 
of methanol on the platinum containing catalysts 
goes through the formation of intermediate 
reaction products, such as methoxide CH3O, 
formaldehyde CH2O, carbon monoxide CO and 
H2 [1]. Another approach based on the 
development of fuel cells working at mixtures of 
fuel (methanol, ethanol) and electrolyte (alkaline) 
without of using the electrolytic membrane attracts 
attention because in this case Ni can be employed 
instead of Pt or Pt-Ru alloy.  In this report in situ 
muSR and NMR investigations of methanol 
decomposition on Pt-Ru catalyst supported on 
Vulcan XC-72 carbon black and electrochemical 
oxidation of ethanol on Ni-carbon nanotube 
composites  are presented. 

 
Results and discussion 

Vulcan XC-72 carbon black consists of 
aggregation of amorphous carbon nanoparticles 
with size in range of 30-60 nm covered by the  
Pt-Ru particles  of a few nm in size. The 
measurements were carried out on the GPD and 
ALC instruments of Swiss Muon Source in Paul 
Scherrer Institute. The transverse field experiments 
(GPD instrument) were carried out  on the 
methanol,  Pt-Ru catalyst supported on Vulcan 
XC-72 and methanol covered Pt-Ru catalyst  
supported on  Vulcan XC-72. The deposition of 
methanol on catalyst was done by evaporation of 
certain amount of methanol directly before 
experiments (Fig. 1). 

 

 
Fig. 1. Scheme of methanol covered Pt-Ru 

nanoparticles supported on Vulcan XC-72. 
 

The increase of asymmetry of diamagnetic 
fraction at high  temperature (500K) on  Pt-Ru  
catalyst  covered  by  methanol was observed. 
Avoided level  crossing  resonance  measurements 
(ALC instrument) were carried out at room 
temperature by sweeping the magnetic field in 
interval 0-3T at different steps of magnetic field. 
Figure 2 shows the ALC resonance observed at 
magnetic field 2.018T that we assign to transient 
CH2OMu• formaldehyde muonated radical. The 
linewidth is 36 mT HWHM (half width at half 
maximum). The intrinsic  linewidth is 6.04 mT. 
The contribution of chemical decomposition 
reaction of formaldehyde with rate constant of 5 µs 
is estimated. 

 
Fig. 2. ALC resonance signal of the Pt-Ru/ 

Vulcan XC-72 catalyst covered by methanol.   
 



 707

It is found that NMR spectrum of the 
methanol covered Pt-Ru/ Vulcan XC-72 consists of 
three broad resonance lines (Fig.3 ) assosiated with 
the methanol molecule and chemisorbed hydrogen. 
The interesting feature is the fact that NMR spectra 
of electrochemically hydrogenated carbon 
nanotubes exhibit the similar resonance line as 
observed at methanol decomposition on  
Pt-Ru/Vulcan XC-72. 
 

Fig.3. 1H NMR spectrum of the methanol 
covered  Pt-Ru/ Vulcan XC-72. 
 
     Small chemical shifts in comparing with initial 
methanol indicate weak interaction of methanol 
molecule with the surface of carbon black and are 
characteristic of the physisorbed molecules bound 
by Van-der-Waals forces.  
     In the frame of approach based on the 
development of fuel cells working at mixtures of 
fuel and electrolyte, the composites  of  carbon 
nanotube - Ni  nanoparticles (CNT/Ni)  were 
prepared. Carbon nanotubes were grown at 
temperature of 420-4500 С by means of catalytic 
pyrolysis of granular polyethelene in helium 
atmosphere using a Ni plate as a substrate [2]. The 
chemical deposition was applied to deposite Ni 
nanoparticles on the surface of carbon nanotubes. 
Transmission electron microscopy (TEM) image of 
carbon nanotube - Ni nanoparticles composites is 
presented on Fig.4. 
 

 
 

Fig.4 TEM image of carbon nanotube-Ni 
nanoparticles (solid circles) composites.  
 
 

      Electrocatalytic properties were investigated by 
linear sweep voltammetry. The interesting 
phenomena was observed during TEM 
measurements. The evaporation of metallic 
particles under intense electron beam of TEM is 
observed. As a result through holes of nanometer 
size are arised in the walls of carbon nanotubes. 
The electrochemical activity of CNT/Ni 
composites is measured in an aqueous solutions of 
alkaline and sulphuric acid, alkaline solutions of 
ethanol. The ethanol oxidation peak is observed in 
the voltammogramm on the CNT/Ni electrode in 
ethanol - alkaline solutions. The study reveals that 
the foregoing composites show a high 
electrocatalytic activity towards the ethanol 
oxidation in alkaline media and may be of great 
interest in direct alcohol fuel cells.  
 
Conclusions 
       In situ muSR and NMR experiments on the 
investigation of methanol decomposion on Pt-Ru 
nanoscaled catalyst supported on Vulcan XC-72 
carbon black (Pt-Ru/ Vulcan XC-72) are carried 
out. The contribution of chemical decomposition 
reaction process for the formaldehyde - carbon 
oxide - hydrogen conversion on Pt-Ru/Vulcan  
XC-72 is estimated. NMR resonance lines 
assosiated with the adsorbed methanol molecule 
and chemisorbed hydrogen are observed. The 
interesting feature is the fact that NMR spectra of 
electrochemically hydrogenated carbon nanotubes 
exhibit the similar resonance line as observed at 
methanol decomposition on Pt-Ru/Vulcan XC-72. 
Composites  of  carbon nanotube - Ni  
nanoparticles  (CNT/Ni)  were prepared.  The 
catalytic properties  of   CNT/Ni  composites   
were  investigated   in   various   solutions.   High 
activity of these composites towards the ethanol 
oxidation in alkaline media was found. 
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