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Report: 
 
Carbon nanotubes are of great interest in nanotechnology because of their unique structural, mechanical and 
electronic properties. Due to their high aspect ratios, it is difficult to arrange carbon nanotubes into an 
organised assembly. One way to solve this problem of disorder is to directly prepare well ordered aligned 
carbon nanotubes. Different methods are used to produce nanotubes. In our work, aligned carbon nanotubes 
are synthesized by catalytic decomposition from pyrolysis of mixed aerosols containing both the 
hydrocarbon source and the metallic precursor as catalytic source. This method is based on the simultaneous 
and homogeneous feeding of the reaction chamber by the carbon and the catalyst sources [1]. The pyrolysis 
is achieved in the [750-950]°C temperature range. Multi-wall carbon nanotubes almost free of any by-
products (amorphous carbon, metallic encapsulated particles,…) are produced. SEM observations show that 
they look like “carpets”. The thickness of the carpets, e.g. the length of nanotubes, can be controlled in the 
[100-700] microns range. The diameter can vary from 10 to 120nm. 
The aim of the experiment at ESRF was to study the structure and the arrangement of aligned nanotubes, e.g. 
the anisotropy of the carpets. 
 
We used two different aerosol generators for sample synthesis: 

- 

- 

carpets synthesized using toluene and ferrocene 5 wt % at 850°C during 15 or 45 minutes with an 
ultrasonic aerosol generator[1-2]. 
carpets synthesized using cyclohexane and ferrocene 2.5 wt % at 850°C during 15 minutes with a 
new injection system [3]. 

 



Each raw sample has been annealed (at 1700, 2000, 2200, 2500°C under argon during 2h, heating rate of 
10°C min-1 or at 350 and 500°C under air) in order to improve the structure of nanotubes. Raw samples and 
annealed one have been studied during the experiment. 
 
Measurements were achieved in transmission across individual carpets of typical width of 1-2 mm. A CCD 
camera was used to collect the data, the distance sample-detector was 6.5 meters, the wavelength was 
0.9951Å. 
In a first time, the beam was parallel to the nanotube growth axis and then nanotubes were disoriented by 
tilting them from this axis to reveal anisotropic signal. Typical isotropic and anisotropic signals obtained on 
nanotube carpets are shown in figure 1.  
 

  
figure1: left :isotropic signal coming from a carpet of nanotubes when the beam is parallel to the nanotube 
growth axis, middle: anisotropic signal obtained by tilting sample, right: radial scan performed on the 
anisotropic image. 
 
Sample synthesized with the injection system exhibits a more anisotropic signal than the one coming from 
the other samples, indicating that the nanotubes have a better alignment degree in this carpet. 
Radial scan performed on an anisotropic signal is shown in figure1 (right), shoulders at ±0.015Å-1 can be 
distinguished. A computer program is in progress in order to analyze these data and should allow one to get 
indications about the inner and outer diameters of the tubes. Comparison between signals coming from raw 
and annealed carpets should allow to determine the effect of post-annealing temperature on graphitization 
degree of nanotube walls. We should also get information on the shape of the porosity associated to 
nanotubes. 
In conclusion, the experiment was successful, the high brilliance of the beamline ID02 permitted to obtain 
new and interesting structural results on aligned nanotubes. This experiment should allow new knwoledge of 
the structural features of carbon nanotube carpets. 
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