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A clean method to obtain a porous alumina template
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The formation of a porous anodic alumina template using a two-step anodisation process and solutions free of Cr
ions was studied. Anodising was conducted under a constant cell potential of 40 V in a 0.3 M oxalic acid electro-
lyte at 298 K. The chemical dissolution of the first anodising step was carried out in a 2 M phosphoric acid solu-
tion, at 298 K. Each step of the template formation was observed by SEM (scanning electron microscopy),
evaluating the structural characteristics of the corresponding surfaces. The resulting template has rounded
pores (≈65 nm) that are aligned forming small domains. Although the membrane obtained does not contain
fully hexagonal pores, such as those obtained using chromic acid as an attack agent between the two anodising
steps, it is equally useful for the finally purpose of producing a template for the growth of nanowires.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Anodised aluminium oxide (AAO) membranes are of consider-
able importance due to their application as a template for nanowires
growth. In the deposition attended by templates, the chemical stabil-
ity and the mechanical properties of the template used are impor-
tant, as well as the diameter, uniformity and density of the pores.
The template is obtained after two-step anodisation process that
consists in a first anodisation in an acid solution, followed by a chem-
ical etching to remove the oxide layer previously formed. Then, a
second anodisation is performed under similar conditions as used
at the first one. The obtained film has a uniform thickness and pre-
sents a regular hexagonal arrangement of parallel channels perpen-
dicularly aligned to the surface, with a high mechanical and corrosion
resistance, good chemical stability, low electric and thermal conductiv-
ity, but high ionic conductivity. [1–5].

In the last years, numerous works have been published about the
steps of the anodisation process. Almost all authors employed a mixed
solution of H2CrO4 and H3PO4 to dissolve the first anodisation step. It
is known that this solution is hazardous and environmental unfriendly.
Stein et al. [6] proposed an alternative and friendly method to dissolve
the first anodising step, and monitored the structural characteristics of
the template formed by in situ spectroscopic ellipsometric combined
with electrochemical measurements. These authors showed an AFM
(atomic force microscopy) topographical image of an anodised
1; fax: +54 291 4595182.
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aluminium electrode after a chemical dissolution in 2 M H3PO4, but do
not study the subsequent formation of the alumina membrane.

The aim of the present work is to form and characterise alumini-
um oxide templates that will permit the subsequent electrodeposi-
tion of metallic nanowires, by dissolving the first anodisation layer
in a free Cr ions solution.

2. Experimental procedure

The templates were obtained by anodic oxidation of high purity
(99.99%) aluminium foils. These foils, of 0.5 mm in thickness with
an exposed area of 1 cm2, were subjected to a sequence of mechani-
cally and electrochemically polished in a solution of HClO4 and 2-
butoxyethanol [7] until a mirror-like finished surface was obtained.
Following each polishing treatment, the electrode was rinsed in
fourfold quartz-distilled water. Finally, the edges of the electrodes
were coated with epoxy resin to prevent current leakage. A two-
step anodisation process [2,8] was employed to form the AAO tem-
plates. Anodising was conducted under a constant cell potential of
40 V in a 0.3 M oxalic acid electrolyte at 298 K. After the first anodi-
sation, a chemical attack was performed in order to etch of the
oxide layer previously formed. This chemical dissolution was carried
out in a 2 M phosphoric acid solution, at 298 K, as was proposed by
Stein et al. as an alternative method [6]. The second anodisation
was developed under the same condition as used at the first one.
All the electrolytes were prepared from supra-pure chemicals (E.
Merck, Darmstadt) and fourfold quartz-distilled water and were
deaerated by bubbling highly purified nitrogen prior to each experi-
ment. All the steps were developed at 298 K. A platinum mesh was
used as counter electrode. Each step of the template formation was
followed by SEM, using an EVO 40 XVP (LEO) microscope with an
accelerating voltage of 15 keV and the samples surface was coated
with a thin conducting Au film.
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Fig. 1. SEM topographical image of the anodic aluminium oxide template obtained after
the first anodisation step, in a 0.3 M oxalic acid for 3 h at 40 V and 298 K.

Fig. 4. SEM topographical image of the anodic aluminium oxide template obtained after
a pores widening in a 0.5 M phosphoric acid at 298 K.
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3. Results and discussion

Two step anodisation process involves, as a first step, the growth
of an oxide layer that must be subsequently dissolved. The resulting
aluminium oxide free surface acts as a substrate for the growth of a
new more ordered oxide layer, during the second anodising step.

Fig. 1 shows a SEM image of the AAO surface after the first anodis-
ing step. The pores are of approximately 40 nm in diameter and are
aligned forming small domains. The wall thickness is large. In order
to dissolve this oxide layer, a chemical attack in 2 M phosphoric
acid solution during 2 h, at 298 K, was performed.

Fig. 2 displays a SEM topographical image of the aluminium oxide
free surface, which corresponds to the inter-phase between the alumin-
iummetal and the barrier layer. The image shows a relatively uniform
structure of rounded pits, forming small domains randomly distrib-
uted. The pits exhibit a size of approximately 70 nm in diameter
Fig. 2. SEM topographical image of the aluminium surface after removing the first
oxide layer. The chemical dissolution was carried out in a 2 M phosphoric acid at 298 K.

Fig. 3. SEM topographical image of the anodic aluminium oxide template obtained after
the second anodisation step, in a 0.3 M oxalic acid for 3 h at 40 V and 298 K.
and seem to be arranged following a quasi-hexagonal order. In
order to analyse the porous layer formed from this pre-structured
surface, a second anodisation process was performed. The image
obtained after this procedure is shown in Fig. 3. This topology is sim-
ilar to that reported using a chromic acid solution [3,8–14] and is
constituted by an ordered nanopore array (≈50 nm in diameter).
In our case, the pores are rounded and are aligned forming small do-
mains. Because the wall thickness is relatively large (≈60 nm) and
in order to expand the diameter of the pores, the electrode was im-
mersed in a 0.5 M phosphoric solution, during 45 min (Fig. 4).

As a consequence, the wall thickness decreases considerably
(≈40 nm) and pores reach a diameter of approximately 70 nm.
The location of the pores is in accordance with the pre-structured
surface shown in Fig. 2. This implies that the porous layer formed
during the second anodising step grows following the concave pat-
tern created after the dissolution of the first porous oxide layer. It
is important to note that some walls seem to be dissolved joining
neighbouring pores, but this dissolution only occurs in the outer-
most surface and it is equally useful for the finally purpose of produc-
ing a template for the growth of nanowires.

Further work is required to verify the proper growth of the nano-
wires in such template, which is now in progress.

4. Conclusions

In this paper, the formation of a porous anodic alumina template
using a two-step anodisation process and solutions free of Cr ions was
studied. Each step of the template formationwas observed by SEM, eval-
uating the structural characteristics of the corresponding surfaces. The
resulting template has rounded pores (≈65 nm) that are aligned form-
ing small domains. Although the membrane obtained does not contain
fully hexagonal pores, such as those obtained using chromic acid as an
attack agent between the two anodising steps, it is equally useful for
the purpose of producing a template for the growth of nanowires.
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