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Introduction 

The new line of investigations is developed in 
IPS RAS dealing with creation of microreactors 
combining two important parameters: intensive 
behavior of catalytic reactions and selective 
transport of the reaction products. The new results 
connecting the affect of anisotropy of permeability 
of methane vapors and gases (H2, CH4 etc.) and 
also connecting conversion velocity of CH3OH and 
oxidation of methane in the pores of microfiltration 
membranes are received using the abovementioned 
approach [1-4]. 

At the same time investigations started aiming 
synthesis of the new carbon structure - oriented 
carbon nano-tubes with walls formed with 
graphene (OCNTG). Their synthesis was 
performed by means of methane and its 
homologues dehydrogenation in the pores of 
ultrafiltration membranes with oxide composition 
(Al2O3, SiO2, TiO2, MgO etc.). As a result of the 
serial plating of surface of membrane pores with 
one or several graphene layers mono- or multi-
layer OCNTG are formed which are able to adsorb 
and store up to 14% of hydrogen [5-7]. 

Analysis of results of these investigations 
allowed to create a new approach which consists in 
directional formation of nano-size membrane 
reactors of the new generation in which 
hydrogenation reactions would be performed in the 
pores of varying diameter using hydrogen which 
was previously adsorbed in mono- and multi-layer 
OCNTG formed on the inner surface of pores. So 
the original concept is developed considering 
membrane as the assemblage of ~ 25 1010 nano-
size reactors with ~ 2.7 109 molecules of hydrogen 
accumulated in each reactor. 

In present report the results of the first step are 
shown including investigation of regularities of 
catalytic reactions in membrane micro-reactors, 
comparative study of adsorptive ability of OCNTG 
and other forms of carbon to hydrogen and also 
influence of adsorbed H2 on transport properties of 
membranes. 

 
Results and discussion 

For developing of hybrid membrane catalytic 
systems   via   modification  of  porous  ceramic 

membranes with metal-oxide plating the bi-layer 
metal-ceramic membrane “TRUMEN” (ТiO2 on 
porous steel) with Dpores ~ 13 μm and ceramic 
titanium carbide membrane with Dpores ~ 5.0 μm. 

It was found that reaction of oxidation of CO 
and reaction of oxidation conversion of methane 
into synthesis gas and light hydrocarbons are 
significantly intensified on membranes with 
channels modified with catalytic oxides 
Cu0.03Ti0.97O2±δ and  La + Ce/MgO accordingly. 

The procedure of plating of geometric surface 
of membrane with the thin layer of the new 
monophase oxide Р0.03Тi0.97O2±δ with anatase 
structure containing homogeneous pores with  
D ~ 2 nm. 

The effect of anisotropy of permeability was 
found depending on direction of the stream 
through such hybrid membrane. If the diffusion of 
methanol vapors goes to the mesoporous layer then 
the catalytic activity increases almost in an order of 
magnitude while permeability coefficients of gases 
decrease in 3-8 times comparing with these values 
for the reverse direction of the stream of gas 
molecules. 

Dependence of gas permeability on the 
temperature taking into consideration possible 
types of mass transfer in porous media lets one to 
suppose that for transport of gas to the layer of 
mesoporous plating the surface stream and 
activated diffusion dominate while in the reverse 
direction the free-moleculte stream is primary. 

The shown data demonstrate that procedures of 
formation of catalytic membrane reactors are 
developed allowing transition to their nano-size 
analogues. 

Investigation of regularities of adsorption and 
storage of hydrogen in nano-size membrane 
reactors was performed via formation of OCNTG 
in the pores of ultra-filtration membranes 
“TRUMEN” (Dmed = 50 nm and 90 nm) and via 
subsequent saturation of them with hydrogen under 
10-13 MPa. 

For investigation of adsorption properties also 
mono- and multi-layer OCNTG were synthesized 
in the pores of membranes. Adsorption of 
hydrogen counting on the single-shell tube runs up 
to 14.0% at that. Maximum absolute quantity of 
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hydrogen (0.94 mg) was adsorbed on nine-layer 
OCNTG. That was about 10.5 ml at normal 
conditions or 4.84 10-4 moles of hydrogen. 

Specific adsorption of hydrogen for nine-layer 
and mono-layer OCNTG was almost the same at 
that. Apparently hydrogen is adsorbed with each 
carbon nano-tube in the approximately same 
quantity. So during accumulation hydrogen 
molecules diffuse through mono-layer OCNTG 
and inter-layer spaces and are adsorbed on the 
surface of tubes. Quantitative distribution of 
hydrogen through the layers seems to be 
sufficiently uniform although some variations 
present. 

Investigations of adsorptivity to hydrogen of 
three carbon structures: nanocrystallites of 
pyrocarbon (NCP), their superposition and 
OCNTG showed that this property is characteristic 
only for the latter. Let one to introduce parameter 
SSURF/V for these structures which characterizes 
the ratio of the surface of nano-structure to its 
volume then for the investigated objects this 
parameter increases and tends to ∞ for 2-
dimentional OCNTG. 

Anisotropy of permeability (see earlier) is an 
important factor for membrane microreactors. That 
is why influences of adsorption of hydrogen on 
membranes permeability was investigated for 
membranes with OCNTG synthesized in their 
pores and with hydrogen accumulated in pores (see 
Fig.1). One can see that adsorption of H2 results in 
decrease of permeability (Q) in 5-26 times 
comparing with the original membrane and with 
the membrane with mono-layer OCNTG but 
without H2 (Sample 1*). Maximum decrease is 
reached   with  3.6 %   of   adsorbed  hydrogen. 

 

 
 

Fig.1. Dependence of performance on H2 
adsorption. 

 

The received results let us to talk about discovery 
of the new effect of hydrogen variation of 
performance (HVP). 
 
Conclusions  

The concept of creation of nano-size 
membrane reactors of hydrogenation using 
hydrogen accumulated in OCNTG is suggested for 
the first time. The effects of anisotropy of 
permeability and of hydrogen variation of 
performance are discovered for the first time. 
Adsorption and storage of hydrogen in nano-size 
membrane reactors are investigated. 

The investigation was performed with the 
partial financial support of RFBF (grant # 09-03-
00089-a). 
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