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Abstract

It is well known that the growth of carbon nanotubes (CNTs) by chemical vapor deposition (CVD) using a transition
metal catalyst is greatly enhanced in a nitrogen environment. We show here that the enhanced growth is closely related
to the activated nitrogen and it’s incorporation into the CNT wall and cap during growth. This behavior is consistent
with theoretical calculations of CNy thin films, showing that nitrogen incorporation to the graphitic basal plane reduces
the elastic strain energy for curving the graphitic layer. Enhanced CNT growth by nitrogen incorporation is thus due to
a decrease in the activation energies required for nucleation and growth of the tubular graphitic layer.
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Fig. 1. SEM images of Ni particles on SiOz/Si sub-
strates obtained by annealing of sputter-
deposited Ni thin films of (@) 3.4 nm and (b)
6.8 nm in thickness.
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Fig. 2. Schematic of horizontal flow reactor for carbon nanotube growth.
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Fig. 3. SEM (a) and TEM (b) images of the CNTs
deposited at 950 C for 20 min in a 16.7 vol.%
CoHz + NH3 environment after pretreatment at
950 C for 1 hr in an NHs environment.
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Fig. 4. SEM image of the amorphous carbon de-
posited at 950 C for 20 min in a 2.4 vol.%
CoHz + He, No mixture gas [Ha/(N2 + Hp)=0.75]
environment after pretreatment at 950 C for
1 hr in the same mixture gas environment.
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Fig. 5. Auger spectra of the samples after pretreat-
ment at 950 C for 1 hr in NHs environment
and in the environment of mixed N and Hs
[Ho/(N2 + H2)=0.75].
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Fig. 6. () SEM image of amorphous carbon deposited
for 20 min in a 16.7 vol.% CoHz+Ha en-
vironment after pretreatment for 4 hrs in
an NHz environment. (b) SEM image of
CNTs deposited for 20 min in a 16.7 vol.%
CoHe + NHg environment without pretreatment.
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Fig. 7. SEM microstructures of the carbon deposited
at 950 C for 20 min after pretreatment for 1
hr in an Hz environment when using (a) a
1.5 vol.% CoHz + NHs environment, (b) a 5.0
vol.% CoHz + NH3 environment, (¢) a 16.7 vol.%
CoHe + NH3 environment, and (d) a 23.1 vol.%
CaHg + NHs environment during deposition.
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Fig. 8. Nitrogen concentration in the CNTs measured
by Auger spectroscopy for various CoHz con-
centrations in an NHz environment,
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Fig. 9. X-ray photoelectron spectra of C and N of
the CNTs deposited at 950 C for 20 min in
a 16.7 vol% CoHz+NHs environment after
pretreatment in an Hy environment.
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Fig. 10. The schematic of the nitrogen incorporation
during nucleation.
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