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We demonstrate a simple and effective method for growing large-scale, high-
density, and well-patterned carbon nanotubes (CNTs). CNTs were patterned
on a quartz (SiO,) substrate by using a copper TEM grid as a mask. The CNTs
were grown by annealing of the milled iron phthalocyanine (FePc) at 800 °C
in a flow of Ar-5% H, gas. The produced CNTs exhibit uniform morphology
and the frame of TEM grid on the substrate defines the position of CNT
deposition.

1.  Introduction

It is a very important approach to grow large scale CNTs on designed patterns and at
desired locations for integrating CNTs into nanoscale devices. Aligned CNTs on quartz
substrate (SiO,) have been synthesized using various chemical vapor deposition (CVD)
methods [1-4]. Three-dimensional architectures of organized CNTs have been created on
SiO; substrates using a CVD process with the precursor of a mixture of ferrocene and xylene
[5-9]. Here, we report a simple and effective method for growing large-scale, high-density,
and well-patterned carbon nanotubes using iron phthalocyanine as a precursor. CNTs were
patterned on a SiO, substrate by using a copper TEM grid as a mask. The frame of TEM grid
on the substrate defines the position of CNT deposition and the CNTs were grown by
annealing of the iron phthalocyanine (FePc) at 800 °C in a flow of Ar-5% H, gas. The
produced CNTs exhibit uniform morphology structures.

2. Experiments

Iron phthalocyanin (FePc) was used as the precursor material because it contains both
the carbon source and the metal catalyst required for carbon nanotube growth. To enhance the
nanotube growth process, a high energy ball milling treatment was used before the annealing
process. FePc was milled in argon gas for 100 hrs with a steel rolling mill and a 300 Kpa
pressure was set up prior milling. Ball milling of FePc at room temperature has been found to
be able to increase significantly nanotube formation yield. In addition, high-energy
mechanical grinding reduces the vaporization temperature from 400 to 200 °C by creating an
activated structure in FePc. [10] After ball milling, around 0.3 grams of FePc were heated
under an Ar-5% H, gas flow (50 ml/min) at 800 °C. When the temperature of the furnace
reaches to 800 °C, the combustion boat loaded with milled powder was pushed into the hot
zone 5 cm away from substrate and held for 15 minutes. A small SiO; circle was used as the
substrate and regular patterns were created by placing a TEM grid on the circle. The TEM
grid was lifted off after annealing. The morphology of as-grown CNTSs on the surface of the
patterned SiO, substrate was examined using field-emission scanning electron microscopy
(SEM) (Hitachi S4500 instrument). Nanotubular structures were investigated using
transmission electron microscopy (TEM) (300 keV Philips CM300 instrument).



3. Results and discussion
SEM image in Fig. 1(a) shows the TEM grid before it was removed from the quartz
substrate. Fig. 1(b) shows squares covered by a large of CNTSs.

Fig. 1: TEM grid with CNT coating. The TEM grid defined the
deposition of CNTSs, which are only formed at each square area.
(b) high-magnification image of the grid (a).

3.1 Morphology of carbon nanotubes

The typical morphology of the as-grown CNT deposit is shown in the SEM image of
Fig. 2(a-b). After annealing the TEM grid was removed from substrate and the pattern was
showed in fig. 2(a). Large quantities of CNTs grew on the 100 um blocks corresponding to
the squares of the copper grid, the pattern being produced uniformly in a microscopic scale of
3 mm. It is expected that patterns with different configurations and larger areas can be
achieved by using this simple method. Fig. 2(c) indicates the well-defined boundaries of the
deposits. Fig. 2(d) reveals the morphologies of individual CNTs. The length of the nanotubes
can be up to ~15um, and their diameters are around 80 nm on average.

Fig. 2 The morphology of the as-grown CNT deposit. (a): CNT
pattern after TEM grid was lifted off. (b-d): larger
magnification of as-grown CNTSs.

3.2 Structures of carbon nanotubes

Some CNT samples were removed from the substrate and deposited directly on a TEM
copper grid for TEM analysis. TEM images showed in Fig. 3(a) reveal the tubular structure
of CNTs. A high magnification image of a single carbon nanotube in Fig. 3(b) indicates
multi-wall structure. The formation mechanisms of the carbon nanotubes during pyrolysis



have been investigated by several groups. Iron plays important catalyst role because one end
of nanotubes is connected to iron particles from TEM observation.

Fig. 3: TEM images showing multi-walled cylindrical structures
of CNTSs.

4.  Conclusions

A simple and effective approach for growing large-scale, high density and well-
patterned CNTs has been realized. In this method, the TEM grid was employed as a mask to
define the locations of CNTs. The produced CNTSs exhibit uniform morphology and multi-
walled tubular structure.

Acknowledgments

The authors gratefully thank Dr Sally Stowe and the staff at the Electron Microscope
Unit for the assistance in microscopy analysis. This work is supported in part by the
Australian Research Council under Centre of Excellence and Discovery research projects.

References

[1] W. Z. Li, S. S. Xie, L. X. Quian, B. H. Chang, B. S. Zou, W. Y. Zhou, R. A. Zhao, and
G. Wang, Science 274, 1701 (1996).

[2] M. Terrones, N. Grobert, J. Olivares, J. P. Zhang, H. Terrones, K. Kordatos, W. hsu, J.
Hare, P. Townsend, K. Prassides, A. Cheeetham, H. K. Kroto, and D. Walton, Nature
(London) 388, 52 (1997).

[3] Z. F. Ren, Z. P. Huang, J. W. Xu, J. H. Wang, P. Bush, M. P. Siegal, and P. N.
Provencio, Science 282, 1105 (1998).

[4] S. M. Huang, L. M. Dai, and A. W. H. Mau, J. Phys, Chem. B 103, 4223 (1999)

[5] Z.J. Zhang, B. Q. Wei, G. Ramanath, and P. M. Ajayan. Appl. Phys. Lett. 77, 3764
(2000)

[6] X.F. Zhang, A. Cao, B. Qo Wei, Y. Li, J. Wei, C. Xu, and D. Wu, and D. Wu, chem..
Phys. Lett. 362, 285 (2002)

[7] C.J. Lee, S.C. Lyu, H. Kim, C. Park, and C. Yang, Chem. Phys. Lett. 359, 109 (2002).

[8] B. Q. Wei, R. Vajtai, Y. Jung, J. Ward, R. Zhang, G. Ramanath, and P. M. Ajayan,
Nature (London) 416, 495 (2002).

[9] Y.J.Jung, B. Q. Wei, R. Vajtai, and P. M. Ajayan, Nano Lett. 3, 561 (2003).

[10] Y. Chenand L. T. Chadderton, J. Mater. Res. 19, 2791 (2004).



