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Abstract

Porous alumina template was prepared by constant voltage in three different electrolytes (0.45 M sulfuric acid,
0.3 M oxalic acid, and mixed solution of 0.45 M sulfuric and 0.3 M oxalic acids). In this paper, the effects of the
electrolyte type on the morphology is studied, so the anodization is carried out in an oxalic acid, sulfuric acid, and a
mixture of oxalic and sulfuric acids. The effect of these three different electrolytes was investigated by scanning
electron microscopy. Results show that in sulfuric acid, the pore structure is smaller than the oxalic and a mixture of
oxalic and sulfuric acid. Density of holes in sulfuric acid was higher than other electrolytes; however, arrangement
of pores in oxalic acid was more regular than that of the others.
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Background
The anodization of aluminum, a method of synthesis of
ordered porous structures, seems to be a cheaper, sim-
pler, and less time-consuming option for industrial pur-
poses. The advantages of this method led to its further
attraction in recent decades. One common method for
nanofabrication is the use of membranes with nanosized
holes [1-7]. The conditions could be controlled to
achieve desired pore length and diameter, and they can
be used in many different ways to prepare a variety of
nanostructured materials, magnetic metals and alloys,
semiconductor alloys, heterostructures, superconduc-
tors, carbon nanotubes, etc. A lot of alternative methods
have been developed for the formation of nanopore and
nanodot array on various substrates including sol-gel
methods [8,9], CVD based on the vapor-liquid-solid
growth method [10], and template synthesis, in particu-
lar, using anodized aluminum oxide membranes [11-13].
The aim of the present study is to investigate the self-
organized formation of ordered arrays of nanopores by a
two-step anodizing process of aluminum. We investi-
gated the effect of the type of electrolyte on the size and
regularity of the pores of samples. For this purpose, the
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effects of three different electrolytes such as the solution
of 0.45 M sulfuric acid, 0.3 M oxalic acid, and a mixture
of the same volume of 0.45 M sulfuric and 0.3 M oxalic
acid were studied.
Results and discussion
By the anodization process, fabrication of porous arrays
of aluminum was successfully performed in three differ-
ent electrolytes, and the results of surface morphology
of the films were studied with a scanning electron
microscope (SEM, Leo-440I, Leo Electron Microscopy,
Cambridge, UK) and a field emission scanning electron
microscope (FESEM, Hitachi-54160, Chiyoda-ku, Japan).
The situation during a steady-state pore growth must

be considered to explain the effect of self-organization.
By applying voltage between the anode electrode and
cathode electrode on the aluminum surface, a layer of
flat oxide surface is produced and proceeds with the
dissolution of some oxide area (surface defects) within
the electrolyte, and with the dissolution tendency of the
oxide layer of primary hollow points, holes are created
on the surface.
The electric field was focused in the hollow areas, and

concentration of the electric field causes the formation
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of pores. It can be seen that the hole growths are the
same, parallel to each other, and perpendicular to the
surface. This is because the kind of conflict in relation to
growth of the oxide layer and its dissolution and corro-
sion, simultaneously in millions of dots or holes, comes
into existence, creating a kind of balance.
Another quantity of anodic alumina in the morphology

is interpore distance which is the interval between two
Figure 1 SEM image of anodization of Al and distribution of pores in
image of anodization of Al in 0.3 M oxalic acid, and (C) a mixture of 0.3 M
consecutive holes. In fact, an electric field exists in all
the holes that caused the equal interpore distances.
In general, the shape and diameter of holes can be con-

trolled by the anodization voltage, anodization temperature,
and acid type and concentration. Sulfuric acid can produce
the smallest diameter holes at lower voltages [14]. In the
anodization process of porous alumina membranes, there is
equilibrium between the dissolution of field-enhanced
300-nm × 600-nm rectangle. (A) 0.45 M sulfuric acid, (B) FESEM
oxalic and 0.45 M sulfuric acid.



Figure 2 The current-time curve for first (A) and second (B)
anodization processes of aluminum in different electrolytes.
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oxide in the interface electrolyte/oxide and oxide forma-
tion at the interface oxide/metal. This balance is critical
for the formation of porous alumina because it causes the
thickness of the barrier to remain constant throughout the
anodization process [15].
SEM images in Figure 1 show that fabricated holes in

0.45 M sulfuric acid baths are very tiny so the density of
the holes is high. The fabricated pores are arranged in a
hexagonal structure.
As shown in Figure 1, pores are more regular in oxalic

acid, but their sizes are bigger in comparison with other
electrolytes. By considering a rectangle with 300-nm ×
600-nm sides, the average diameter of pores was almost
34.5, 20.26, and 25 nm, respectively, for samples which
were anodized in 0.3 M oxalic acid, 0.45 M sulfuric acid,
and a mixed solution of 0.3 M oxalic and 0.45 M sulfuric
acids (Table 1).
Variations of current with the applied anodizing po-

tential are very important. So, the time evolutions of the
current which pass through the electrolytes with different
solutions in the first and second anodization processes
were shown in the Figure 2.
In all of the curves, the current stabilized after

enough time has passed (Figure 1A). Current during an-
odization is a key factor of the self-ordering process. So,
variations of current with time are very important.
When the rate of aluminum oxide dissolution occurring
at the base of pores equals the rate of oxide formation
at the metal-oxide interface, from that moment, a stable
growth of the porous oxide layer on anodized
aluminum starts.
Conclusions
By the anodization process, porous alumina was fabri-
cated in different electrolytes. The pore diameter could
be controlled by conditions of anodization such as
temperature, applied voltage, annealing time, electro-
lyte, etc. In three different electrolytes which we investi-
gated, the sizes of produced pores in sulfuric acid were
smaller than the sizes of pores in the oxalic acid and a
mixture of oxalic and sulfuric acids. Density of holes in
sulfuric acid was higher than other electrolytes. Regu-
larity of pores in oxalic acid was more than other
electrolytes.
Table 1 The pore diameter in different electrolytes

Electrolyte Average pore diameter
(nm)

0.45 M Sulfuric acid 20.26

0.3 M Oxalic acid 34.5

Mixed solution of 0.45 M sulfuric and 0.3 M
oxalic acids

25
Methods
An aluminum sheet with 2-mm thickness and 1-cm ×
5-cm size was prepared. The sample was washed with
acetone and distilled water in order to wash the impure-
ness from the surface. The morphology of anodized
alumina has direct relation to the annealing time, so the
Al sheet was annealed at 450°C for 2 h in air [16]. In order
to remove an oxide layer of the substrate, the samples
were etched in a 1 M NaOH solution for 3 min. The Al
sheet was electropolished in a mixture of perchloric acid
and ethanol with a value ratio of 25:75 for 3 min to
decrease the roughness of the substrate.
In the first process of anodization, the aluminum sheet

was selected as anode and an aluminum electrode as cath-
ode with a 2.5-cm separation. Then, a DC voltage of 40 V
was applied to the electrodes. The solution was stirred by
a magnetic stirrer during the anodization process. After
that, the alumina film was removed by putting it in a mix-
ture of 0.2 M of chromic acid and 0.5 M of phosphoric
acid for 12 h. Then, the second step of anodization was
performed under the same condition as the first step
(for 1 h). This experiment was implemented at 17°C.
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