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Controlling the anodizing conditions in preparation of
an nanoporous anodic aluminium oxide template
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Porous anodic aluminium oxide (AAO) template is commonly used in the synthesis of one-dimensional nanostructures,
such as nanowires and nanorods, due to its simple fabrication process. Controlling the anodizing conditions is important because
of their direct influence on the size of AAO template pores; it affects the size of nanostructures that are fabricated in AAO
template. In present study, several alumina templates were fabricated by a two-step electrochemical anodization in different
conditions, such as the time of first process, its voltage, and electrolyte concentration. The effect of these factors on pore
diameters of AAO templates was investigated using scanning electron microscopy (SEM).
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1. Introduction

One-dimensional nanostructures, such as
nanowires and nanorods, have been a “hot
topic” in recent years, due to their unique me-
chanical [1], electrical [2–4], optical [5–9],
thermo-electrical [10–13], and magnetic [14–17]
properties, which differ extensively from the bulk
structures [18]. However, the morphology and the
size distribution of the nanoscale materials are
the most important factors affecting their phys-
ical properties [19]. Nanoscale porous surfaces
are extensively demanded for both nanoscience
and nanotechnology as templates [20], for the
synthesis of metallic alloy, oxide and semicon-
ductor one-dimensional nanostructures [21–25].
One-dimensional nanostructures, employing the
AAO template, are very attractive for various
applications [26–29]. An AAO template is a close-
packed array of hexagonal parallel and cylindrical
cells with a pore in the center of each cell [30].
Due to their high repeatability and high quality
of structures, AAO templates have been widely
used in producing well-ordered one-dimensional
nanostructures [31]. A common preparation
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method of AAO template is two-step anodization
process, suggested by Masuda and Fukuda in
1995 [32]. The two-step anodization on aluminium
foil at a constant voltage provides a well-ordered
shape compared to one-step anodization [33]. The
morphology and diameter of the pores can be
controlled via altering the anodization conditions
and electrolyte type [34]. In the current investiga-
tion, one purpose was to study: the effect of the
anodization time at the first-step of the process
on the size of the pores. In the next step, three
templates were prepared in the same conditions at
different voltages in order to investigate the effect
of anodizing voltage on the diameter of the AAO
templates. In addition, three AAO templates were
fabricated to explore the influence of electrolyte
concentration, while other conditions, including
voltage, temperature, and anodizing time, were
kept constant. In this study, the prepared AAO
samples were investigated with SEM.

2. Experimental

A porous anodic aluminium oxide template was
prepared by anodizing high purity (99.9%) alu-
minium film in oxalic acid solution as an elec-
trolyte. Prior to anodizing, aluminium sheets were
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Fig. 1. SEM images of AAO templates. The first anodization was carried out for: (a) 2 h, (b) 5 h, (c) 10 h, (d) 20 h.

annealed at 500 °C for 10 hours in order to de-
crease the defects in the aluminium films and re-
move the mechanical stress on the surface. After
that aluminium films were degreased ultrasonically
with acetone for 10 minutes. The films were put
into 1 mol/L NaOH for 3 minutes to remove the
natural oxide on the aluminium film. After washing
the samples with deionized water they were pol-
ished in a 1:4 volume mixture of HClO4 (60 wt.%)
and C2H5OH (96 wt.%), and the applied voltage
was 20 V. Keeping the operational temperature low
was important in this process since the electropol-
ishing reaction was extremely exothermic. There-
fore, the temperature was maintained at 3 °C dur-
ing the electropolishing. In order to investigate the
effect of the time of first anodization on the pore
diameters, four samples were prepared in different

times in 0.3 M oxalic acid solution at 40 V. Other
samples were produced at different voltages at the
same anodizing concentration, and three samples
were prepared at various oxalic acid concentrations
at a constant voltage of 40 V. All the samples pre-
pared for investigating both voltage and concentra-
tion effects were anodized for 20 hours, while the
anodizing temperature was kept constant at 6 °C.
After the first anodization, to remove the oxide
layer, the samples were immersed into a mixture
of 6 wt.% H3PO4 and 1.8 wt.% H2CrO4 at 70 °C
for 3 hours. The second anodizing process was car-
ried out in similar conditions with the time of first
anodization of 1 hour. After the second anodiza-
tion, all samples were etched in CuCl2 (80 g/L) for
30 minutes to obtain free alumina membranes. Sub-
sequently, the AAO templates were immersed into
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a 5 % H3PO4 solution for 40 minutes, at room tem-
perature, in order to widen the channels.

3. Results and discussion
3.1. Effect of the time of first anodization
on the pore diameter

In order to study the effect of the time of first
anodization, four AAO templates were prepared in
different times of first anodization (2, 5, 10 and
20 hours) at a constant voltage of 40 V, in a so-
lution containing 0.3 M oxalic acid at 6 °C. Fig. 1
presents the SEM images of AAO samples; it can
be seen that increasing the time of the first anodiza-
tion did not significantly change the size of pores.
This observation could be proved by drawing a di-
agram of pore diameter averages versus the time of
first anodization. Fig. 2 shows the changes in pore
diameter as a result of increasing the first anodiza-
tion time; the diagram was changed slightly by an
upward slope and it is nearly a straight line. This di-
agram implies that the time of first anodization has
not influenced the size of pores; however, compar-
ing the SEM images (Fig. 1) it was found that the
cells became more ordered as a result of increasing
the first anodization time.

Fig. 2. Diagram of pores diameter change versus the
time of first anodization.

3.2. Effect of anodizing voltage on pore
diameters

Anodization of high purity aluminium films
electrochemically is a usual technique for prepar-
ing AAO templates. In this study, the samples of
pretreated aluminium were anodized in 0.3 M ox-
alic acid at different voltages. Fig. 3 shows the

SEM images of the AAO templates obtained under
constant voltages of 30, 40, 50 V, respectively. It
can be seen clearly that the diameters of the pores
were enhanced by increasing the applied voltage.
The higher voltage leads to strengthening of the
electric field. As a result of a stronger electric field,
dissolution of the oxide layer is increased. In addi-
tion, the cell walls become thinner; in other words,
the diameter of the pores increases.

Fig. 4 shows the diagram of the pore diame-
ter (nm) versus voltage (V) displaying an upward
slope. In Fig. 3c it is presented the image of an
AAO template that was fabricated at 50 V. This
picture shows the effect of high voltage on destroy-
ing the structure of the AAO template at high an-
odizing voltage. As it can be seen, in the most of
the sites the cell walls were broken or they were
nearly to break. Breaking the cell walls and join-
ing the adjacent cells increased the size of the
pores, while reducing the pores density. This kind
of structure (Fig. 3c) is not desirable for synthe-
sizing one-dimensional nanostructures since it does
not present a uniform structure; the size of the pores
is too big in comparison with the samples, which
were obtained under 30 or 40 V (Fig. 3a, b). Actu-
ally, high quality physical properties are not achiev-
able with this size of the pores and non-uniform
structure (Fig. 3c).

3.3. AAO template obtained at different
electrolyte concentrations

The first anodization is a critical step since the
structure of the AAO template and the size of the
pores directly depend on it. The diameter of the
pores can be determined by changing the concen-
tration of anodizing solution. The purpose of this
study was investigating the size of the pores of
AAO templates. Electrolyte concentration, as a key
factor, should be controlled during the anodization.
Fig. 5 presents SEM images of the AAO templates
that were anodized in 0.2, 0.3 and 0.4 M oxalic
acid solutions under a constant voltage of 40 V. It
can be seen that the pore size is decreased with in-
creasing the electrolyte concentration (Fig. 5). This
reduction is shown in Fig. 6 that shows the diam-
eter changes with respect to different electrolyte
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Fig. 3. SEM images of AAO templates obtained at different voltages, (a) 30 V, (b) 40 V, (c) 50 V.

Fig. 4. Diagram of pores diameter versus anodizing
voltage.

concentrations. In this situation, higher acid con-
centration increases the oxidation in comparison to

dissolution, so the pore diameter decreases during
the anodization.

4. Conclusions

To obtain AAO template with uniform struc-
ture, two-step anodization of the high purity alu-
minium films could be the first choice. For prepar-
ing desirable AAO templates, anodizing condi-
tions, such as time, voltage and electrolyte con-
centrations, must be controlled carefully, as for the
same samples their pore diameters can be changes
in the range of 40 to 80 nm. The results obtained
for various samples showed that the pore diam-
eter sizes are directly proportional to the applied
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Fig. 5. SEM images of AAO templates obtained at different electrolyte concentrations, (a) 0.2 M, (b) 0.3 M, (c)
0.4 M.

Fig. 6. Diagram of pores diameter of versus electrolyte
concentration.

voltage. The current survey proved that an increase
in anodization time makes the structure more uni-
form, while it does not have a significant impact on

the size of pores. Moreover, electrolyte concentra-
tion can affect the size of pores, as well. By increas-
ing the electrolyte concentration the size of pores
has decreased.
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