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Introduction 
  Synthesis of nanostructured materials with 
desired properties and controllable parameters, 
including those based on multi-wall carbon 
nanotubes (MWCNT), represents one of the key 
problems in the development of nanotechnology. 
Among potential practical applications of 
MWCNT, the possibility of their use as 
reinforcing agents for various composite materials 
should be emphasized. MWCNT can be 
employed, for example, for filling polymer 
materials to change the electrical properties of the 
polymers. 

  Now MWCNT and MWCNT-based 
composites are used as sorbents, electrodes in the 
processes dealing with separation and purification 
of chemicals, matrices for various catalysts. New 
physical and chemical properties of carbon 
nanotubes can be expected as a result of 
modification of their surfaces with metal-
containing nano-particles or coatings. However, 
deposition of uniform  metal-containing coatings 
of controlled composition on the lateral surfaces 
of nanotubes represents a difficult problem. On 
the other hand, our group accumulated a 
significant scientific and practical experience 
concerning chemical vapor deposition (MOCVD) 
of metals, metal oxides and carbides as well as 
coatings of other types on various substrates  

  The aim of this work is to investigate 
MOCVD of pyrolytic chromium coatings on the 
MWCNT, representing elements of macroscopic 
hollow cylinders, with use of organochromium 
liquid BARCHOS as a coating precursor and to 
study properties of the nano-structured composites 
obtained.  
 
Results and Discussion 

We worked out methods of preparation of 
macrocylinders (the outer diameter of up to  
17 mm and the length of up to 50 mm) by the 
MOCVD technology with use of ferrocene and 
toluene as the MWCNT precursors. The cylinder 
walls (up to 3 mm thick) consist of radial-oriented 

MWCNT. The structural data at different size 
scales and information on the properties of the 
samples under investigation were obtained by  
X-ray phase analysis, thermogravimetry, scanning 
electron microscopy and high resolution 
transmission electron microscopy. 

Fig. 1 shows the starting cylinders (samples 1, 2) 
and the cylinder coated with pyrolytic chromium 
(sample 3).  

 
 

 
 
 

Fig. 1. Photo of the macrocylinders with the 
walls formed by radial-oriented MWCNT before 
(1,2) and after (3) coating with pyrolytic 
chromium. The scale corresponds to 1.0 cm. 
 
 
      A SEM photomicrograph of the cylinder wall 
cross-section is given in Fig. 2. It is seen that that 
the walls of the macrocylynder consist of radial-
oriented compact MWCNT. However, higher 
magnification (Fig. 3) shows that the space 
between separate MWCNT is free. This space can 
be filled. So a new nano-structured composite 
material can be produced where MWCNT play a 
role of reinforcing elements dispersed in the 
metal-containing matrix.  
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Fig.2 SEM micrograph of the cylinder wall 
cross-section. The scale corresponds to 100 μm. 
 
 

 
 

Fig.3. SEM micrograph of the cylinder wall 
cross-section. The scale corresponds to 10 μm. 
 
       In this work a MOCVD method has been 
developed for deposition of pyrolytic chromium 
coatings on the surfaces of the MWCNT forming 
the elements of macrocylinders. The BARCHOS 
liquid representing a mixture of bis-arene 
chromium derivatives was used as the starting 
material. A SEM photomicrography of the 
prepared composite, with the mass content of 
pyrolytic chromium close to that of MWCNT 
themselves, is presented in Fig.4. 
 

 
 

Fig.4. SEM micrograph of the 
MWCNT/pyrolytic chromium composite. The 
scale corresponds to 200 nm. 
 

     It is clearly seen that the separate MWCNT 
indicated by arrows are dispersed in the dense 
matrix material (pyrolytic chromium). 
Detachment of MWCNT from the matrix is 
accompanied, obviously, by destruction of the 
nanotubes surface shells.  

   Analysis of diffractograms of the composite 
samples with different thickness of the pyrolytic 
chromium coatings shows that the contribution of 
the amorphous (ultradisperse) component of the 
scattered intensity grows as the coating thickness 
increases. To determine the phase composition of 
the amorphous component the samples were re-
crystallized in high vacuum at 6500С. (Fig.5). 

 

 
 

Fig. 5. Diffractograms of the composite 
samples: 1- The composite sample after annealing 
at 6500С in high vacuum; 2 - Cr3C2 (Pnam);  
3 - Cr3C2 (Pnma); 4 - γ-Fe (CrFe), 5 - Cr  
(P 63/mmc), 6 -  Graphite (P 63/mmc). 
 
      Sample annealing results in formation of 
chromium carbide (Cr3C2, Cr7C3) crystal phases 
and a small amount of hexagonal chromium, the 
ratio of the carbide phases being dependent on the 
coating thickness. High-temperature annealing on  
air leads to formation of nano-structured 
chromium oxide. 
 
Conclusions 

    In this work the conditions have been 
optimized for preparation of nano-structured 
composite materials on the basis of 
macrocylinders consisting of multi-wall carbon 
nanotubes  covered with pyrolytic chromium. The 
structures and  properties of the materials obtained 
have been investigated. 
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