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The research on the synthesis of vertically aligned long carbon nanotubes (CNTs) is becoming

a challenge. Though some partial successes have been achieved but still many limitations to

the synthesis of very long aligned CNTs remain. Very long CNTs can be spun into ropes/fibers

that are much stronger than any current structural materials. This will allow revolutionary
advances in lightweight and high strength applications.
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The unique part of this research is to find out the optimum condition for the synthesis of very
long aligned C NTs with high reproducibility, which is a big challenge in the field of CNT
research. The catalyst assisted chemical vapor deposition of CNTs is one of the most accepted
techniques for the synthesis of CNTs in large scale, though this process is struggling a lot due
to many limitations. To increase the life time of the catalyst and the growth rate are main
problems to be solved which need lot of original ideas.
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The objective of my research by the end of phase 1 is the synthesis of 8 mm long aligned
brush like CNTs with controlled number of walls from single-walled to multi-walled (10
layers).
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The synthesis of very long aligned CNTs in large scale with high speed.
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The following steps have been undertaken to get success in my research.
1 The modification of chemical vapor deposition (CVD) system by adding a water
introduction system.
2  The choice of substrate, AloOs buffer layer, source gas, deposition temperature and
addition of H2 with the carrier gas.
3  Optimization of CVD parameters to increase the catalyst activity for very long time.
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1 The water introduction system was attached with CVD system which is working very
accurately and the water vapor concentration can be controlled from 50 to 500 ppm with
very low fluctuation. The little amount of water acts as a weak oxidizer and helps to
increase to lifetime of the catalyst.

2 The optimum conditions have been found out by which the growth of very long CNTs can be
achieved.

3 The successful synthesis of very long aligned CNTs with high reproducibility by using the
optimized CVD conditions.
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1 Super long (7 mm) aligned high-density CNTs were synthesized with high reproducibility
using CVD technique.
2 The catalyst activity has been achieved for very long time (ca. 12h).
3 The well controlled synthesis of mm long SWNTs, DWNTs and MWNTs (3 to 6 layers) with
a high percentage (~ 80%) has been achieved by varying the catalyst thickness.
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The best reported result was published by Sumio Iijima group in the Journal Science. The
reference is K. Hata et al. Science, Vol. 306 (2004) p. 1362. They reported 2.5 mm long aligned
very pure single walled CNTs (SWNTs). After that some groups reported 4 mm long CNTs. In
my case, I got 7 mm long aligned CNTs, which was best result in the world till May/June, 2006
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The result, I achieved in my research will surely advance the future nanotechnology based on
long CNTs.
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The growth rate of CNTs is still very low, which has to be increased to grow very long
carbon nanotubes in short time.
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1 Trial with different source gasses.
2 Use of bi-layer catalyst for getting higher growth rate of CNTs.
3 Adjustment of different CVD parameters more precisely to obtain higher growth rate.
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