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Introduction 

The mesoporous titanium dioxide finds 
applications for hydrogen generation from 
alcohols, for solar energy utilization, and as a 
carrier in catalysts and photocatalysts [1-3]. 

This work is aimed at finding out the 
possibilities of applying TiO2/Ni nanocomposites, 
based on mesoporous titanium dioxide in high 
temperature proton pumps. 

The proton pumps are used in the processes of 
hydrogen purification and transportation and for 
drying of inert gases; they allow to intensify a 
number of acid/base catalytic processes, such as 
hydration of olefins to low molecular alcohols  [4], 
and dehydration of alcohols to ethers [5], which 
are used as synthetic fuels for diesel engines and 
high-octane additives to gasoline [6]. Creation of a 
high power proton pump is hampered by 
traditional using of expensive platinum-group 
metals as hydrogen cleavage catalysts, while cheap 
nickel may be their alternative. The catalytic 
activity of nickel can be materially increased by 
nickel application to carriers with highly developed 
specific surface, e.g., to mesoporous TiO2. 
 
Results and discussion 

The mesoporous anatase with particle size of 
11-14 nm was used as a carrier for nickel 
application (Fig.1). The electron diffraction pattern 
of the sample evidences that it consists of a 
crystalline anatase. The pattern reflexes are distinct 
and intensive, which is the evidence of high 
crystallinity of the sample. The samples of TiO2/Ni 
nanocomposites, based on mesoporous titanium 
dioxide, were prepared by placing the weights of 
TiO2 into an aqueous nickel nitrate solution and 
their thorough agitation during some hours. Then 
samples were dried to the constant weight at a 
temperature not exceeding 80 °С. The metal 
content in the samples was within 2 – 6 %. 

The ready samples were further used for 
formation of membranes. The metal nickel was 

produced on the sample surface by adsorbed nickel 
nitrate reduction in the hydrogen jet. 

 

 
Fig. 1. Transmission electron microscopy 

pattern of a mesoporous TiO2 sample. 
 
The samples of nanoporous titanium dioxide 

bearing nickel applied to their surface were used 
for catalyzing the proton generation reaction: 

 Н2 ⎯⎯→← e2  2Н+. 
The proton pump, which played a role of a 

proton generator in these processes, consisted of a 
unit with anode and cathode zones, separated by a 
proton- conducting solid electrolyte membrane, 
which was an integral element of the catalytic 
reactor. Molecular hydrogen was continuously 
supplied through the anode zone. The hydrogen 
molecules were undergoing cleavage into atomic 
hydrogen on the surface of metal (Ni) of the 
complex anode. On external voltage application to 
the electrodes, the hydrogen atoms were getting 
ionized, which was accompanied by transfer of 
electrons into external electrical circuit. The 
protons, generated by the process, moved through 
the proton-conducting membrane from the anode 
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zone into the cathode zone, where they got reduced 
on the surface of the metal, contained by the 
complex cathode. The protons were transferred 
from the anode to cathode zone on account of the 
energy of electric battery. 

We measured in experiments the rate of 
transition of the produced protons through the 
proton-conducting material. The larger amount of 
protons produced from the cathode side resulted in 
larger current recorded at the output. The rate of 
molecular hydrogen cleavage on the metal depends 
also on the support nature [4]. Therefore, the 
technique used in this work allows estimation of 
both the catalytic activity in hydrogen production 
process and effect of the support.    

Fig. 2 presents proton conductivity versus 
temperature and nature of electrodes.  

 
Fig. 2. Effect of the nature of nickel-containing 

electrodes on generation of the protons (І is the 
strength of proton current in the system, in А; Т is 
temperature, °С; U = 10 V): 1 – industrial catalyst 
NiMoAl; 2 – mesoporous titanium oxide, 
containing 4% of Ni. 

 
Curve 1 in Fig. 2 shows changes in the proton 

conductivity for industrial catalyst NiMoAl, taken 
as a reference, which contained 7 % of Ni. Curve 2 
in Fig. 2 corresponds to proton conductivity 
changes for samples of mesoporous titanium oxide, 
which contained 4 % of Ni, and demonstrates that 
its conductivity (ability to generate protons) was 
rather high, however, slightly smaller in 
comparison with industrial catalyst.  

It is reasonable to assume that conditions, 

arising during formation of the nanoparticles of 
metallic nickel, are favorable for optimization of 
the Ni-Ni distance between nickel atoms involved 
into formation of an intermediary complex in 
reaction of atomic hydrogen cleavage. On the other 
side, specific features of the chemical and 
nanoporous structure of carrier, which facilitate 
transport of protons, also can be responsible for 
intensification of the proton current.  
 
Conclusions 

The mesoporous nickel-containing TiO2 
nanomaterials are shown to be promising for 
purposes of creation of high-temperature proton 
generators allowing intensification of the catalytic 
processes.  
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