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Synthesis of Stepped Carbon Nanotubes in
Anodic Aluminum Oxide Templates
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Abstrast Anodic aluminum oxide (AAO) with pores of various diameter, density, and thickness values was
obtained through control of the anodization parameters including voltage, temperature, pore widening time,
anodization time, etc. The pore diameter was controlled by a pore widening in an etchant, and alumina
templates having stepped nano-channels were fabricated by repetition of anodization and pore widening
processes. Stepped carbon nanotubes (CNTs) were then grown on the stepped AAO templates by pyrolysis of
acetylene without using the catalyst. High-resolution transmission electron microscopy images revealed that
CNTs have a multi-wall structure made of graphite flakes of several nm sizes. The current-voltage
characteristic of the steped and linear CNTs were also examined.

Key words anodic aluminum oxide, template, carbon nanctube.
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Fig. 1. Schematic diagrams of the process for the fabrication of the stepped-AAO template and CNTs :
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(a) formation of porous

Al O; layer by the Ist anodization, (b) removal of the porous ALO; layer, (c) formation of highly ordered porous Al,O; by the
2nd anodization, (d) fabrication of a stepped-AAO template by the 3rd anodization after pore widening process, (e) coating of
a paraffin wax protection layer, (f) removal of the Al layer, (g) removal of the barrier layer, (h) removal of the protection layer,
(i) synthesis of CNTs by the chemical vapor deposition method, and (§) dissolution of the AL, O; layer in an etchant.
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Fig. 2. Scanning electron microscopy (SEM) images of stepped AAO templates. (a) top, (b) bottom, (c) cross-sectional views of
an one-step AAO template, and (d) a two-step AAO template.
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Fig. 3. (a) Scanning electron microscopy (SEM) image of the CNT in an AAO template after slightly etching by phosphoric and
chromic acid, (b) one-step CNTs, and (c) two-step CNTs. (d) Raman spectrum of the carbon nanotubes.
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Fig. 4. An high-resolution TEM image of a synthesized CNT wall. (a) 700°C, (b) 900°C, (c) Temperature dependent current-
voltage characteristics of the linear and stepped CNTs synthesized at 700°C.
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