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Template technique makes it possible to prepare Pt metal-
filled uniform carbon nanotubes in which the metal is
present as either nanorods or nanoparticles.

Carbon tubes at the nanometre level have now been charac-
terized as a new carbon material. Specifically, metal-filled
carbon nanotubes could have a variety of industrial applica-
tions, as reviewed by Freemantle.1 Thus the preparation and
application of such filled nanotubes are now becoming a very
challenging area of research. Carbon nanotubes have been
prepared thus far mainly using an arc-discharge evaporation
technique2,3 or by thermal decomposition of benzene vapour,4
and there have been several attempts to insert metal into the
tubes prepared by the arc-discharge evaporation technique.5–8

Recently, we have prepared carbon nanotubes by a template
carbonization technique using an anodic aluminium oxide
film,9,10 which has an array of parallel and straight channels
with a diameter of nanometre level and has been often utilized
as a template to synthesize nanomaterials.11–17 The most
striking feature of our carbonization method is that it allows one
to produce monodisperse carbon nanotubes with uniform
length, diameter and thickness. Here, we attempt to prepare Pt
metal-filled uniform carbon nanotubes with the template
method using an anodic oxide film.

An oxide film was prepared by electro-oxidation of an
aluminium plate (purity 99.99%) at a cell voltage of 20 V in
sulfuric acid. The diameter and thickness of the resulting film
were 15 mm and 75 mm, respectively, and its channel diameter
was found to be ca. 30 nm. The film was placed in a vertical
quartz reactor. The reactor temperature was raised to 800 °C
under N2 flow and then propene gas (2.5% in N2) was passed
through the reactor. The thermal decomposition of propene in
the uniform straight channels of the anodic oxide film resulted
in carbon deposition on the channel walls. After 3 h decomposi-
tion the reactor was cooled to room temp. and the film was taken
out. Pt was loaded on this carbon-deposited film by the
following evaporation method. The film was impregnated with
an ethanol solution of hexachloroplatinic acid (H2PtCl6·6H2O)
at room temp. for 3 h and then ethanol was evaporated at 80 °C
under an N2 flow with the film immersed in the solution. The
reduction of chloroplatinic acid in the channels was performed
by the following two methods; heat treatment at 500 °C under
H2 flow or stirring with an excess of a 0.1 m NaBH4 aqueous
solution at room temperature. After the reduction, the carbon-
deposited film was washed with an excess of a 46% HF solution
at room temp. to dissolve the anodic aluminium oxide template.
As a result, a Pt metal/carbon nanotube composite was obtained
as the insoluble fraction.

Fig. 1(a) and (b) show bright-field TEM images at different
magnifications for the Pt/carbon tube composite prepared at
500 °C. These two images indicate the presence of uniform
carbon nanotubes and their outer diameter and wall thickness
can be estimated to be 30 nm and ca. 5 nm, respectively.
Although some of the tubes are empty, the others are filled with
many rod-like materials which are observed as dark images. The
low-magnification TEM image [Fig. 1(a)] indicates that these
nanorods are more abundant in the end of the tube hollows,
where some of them are > 1 mm in length. Their structure was

investigated by electron diffraction and X-ray powder diffrac-
tion (XRD). Fig. 1(c) shows the electron diffraction pattern
which was taken from the TEM image [Fig. 1 (b)]. The pattern
presents the diffraction from Pt metal crystallites as clear spots
together with carbon 002 diffraction as a pair of strong arcs.
Some of the spots from the fcc structure of Pt metal and carbon
002 arcs are labelled in the figure. This pattern confirms the
dark material to be Pt metal. The appearance of the diffraction
for Pt as clear spots, not as rings, indicates the high crystallinity
of the Pt nanorods. The small number of these diffraction spots
suggests the presence of only a few Pt crystallites in the area of
Fig. 1(b). The XRD analysis also confirmed the reduction of
chloroplatinic acid to Pt metal. From the peak width of the
Pt(111) diffraction, the average crystallite size was calculated to
be ca. 30 nm.

The TEM photographs of the composite reduced by NaBH4
solution at room temp. are displayed in Fig. 2. Like the
composites reduced at 500 °C, Pt metal is observed only in the
carbon tube hollows and some tubes appear to be completely

Fig. 1 (a), (b) TEM photographs for Pt/carbon tube composites reduced at
500 °C; (c) electron diffraction pattern taken from the TEM image (b)

Fig. 2 (a), (b) TEM photographs for Pt/carbon tube composites reduced at
room temp; (c) electron diffraction pattern taken from the TEM image
(b)
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filled with the metal. There is, however, some difference in
microscopic features between the two Pt metals prepared at
different temperatures [Figs. 1(b) and 2(b)]. The Pt metal
reduced at room temp. appears to consist of very fine particles
of size 2–5 nm, which is in good agreement with the calculated
value from the XRD analysis. The electron diffraction pattern of
the Pt metal gives further information on its structure. The
pattern [Fig. 2(c)] exhibits a set of diffraction rings from Pt
metal (these rings can be indexed [from the inside as] 111, 200,
220, 311 reflectance fcc Pt), together with a pair of carbon 002
arcs. It is noteworthy that the diffraction from Pt metal did not
appear as clear spots, but as concentric rings, each of which
consists of a large number of very small spots. This finding
suggests that the metal reduced by NaBH4 solution is comprised
of many fine crystallites, which accords with the microscopic
difference between the two types of Pt metal.

For the above two types of composites, Pt was loaded by the
evaporation to dryness method. On the other hand, when the
impregnated film was removed from the chloroplatinic acid
solution and then dried, less Pt was loaded in the carbon tubes
Fig. 3 shows the bright-field TEM image of the composite
prepared by this loading method, where the reduction of Pt was
performed with NaBH4 solution at room temp. The image does
not reveal rod-like Pt metal, but rather, very fine Pt particles in
the hollows. Some of Pt particles form agglomerates with each
other and the size varies from 1 to 4 nm.

Although the carbon nanotubes prepared by our template
technique are not structurally perfect, their length, diameter and

thickness are controllable and monodisperse. Here, by applying
the template technique, we have succeeded in preparing Pt
metal-filled uniform carbon nanotubes in which the metal is
present as either nanorods or nanoparticles. It should be noted
that no Pt metal was observed on the outside wall of the tubes.
This is due to the preparation procedure, viz., chloroplatinic acid
as the Pt metal precursor was loaded into the carbon-deposited
alumina film before dissolution of the alumina by HF; thus there
is no other space for Pt to be loaded except within the
channels.
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