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Abstract: Pure aluminium and aluminium alloy 1100 samples were anodized by one step and two
step process. The foils were anodised in 0.3 M sulphuric acid solution at constant voltage of 25V
and the temperature was maintained at 20 °C. The effect of increase of exposure time in second
anodization step on the structural features was studied on AA 1100. A well ordered nanoporous
structure were produced. It was found that in two step anodization process the produced film have
very regular hexagonal cells with uniform pores as compare to single step anodization in both Al
and AA 1100. The two step anodization improves both pore diameter and uniformity. With the
increase in second step anodization time the complexities of porous film increases due to formation
of sub pores.
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Introduction

In the past decade researchers have focussed particular attention on the fabrication of porous
anodic alumina. Nanochannels array of alumina are of increasing interest in view of their
potential application in energy, magnetic, electronic devices and sensing devices**.
Fabrication of ordered nanoporous alumina facilitates the practical application in nano-
devices. Therefore a study of formation process, structural and morphological properties has
considerable grown. The PAA membranes become one of the most important templates for
the preparations of nanowires®, nanotubes® and nanoparticles’. These films are also used in
filters®, optical’ and photonic applications'®. The single step anodization of high purity
aluminium at constant voltage has less control on pore diameter, pore spacing and geometry.
The two step oxidation technology is best to prepare ordered pore arrays. Highly ordered,
well structured hexagonal arrays were produced by two step anodization process****. It was
believed that the repulsive forces at metal/oxide interface promote the formation of well
ordered hexagonal pores**. The anodizing conditions such as type of electrolyte, anodizing
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potential, current density, temperature and duration of exposure controls the pore
diameter, interpore distance, porosity, pore density and other characteristic of the anodic
oxide film. Now it is possible to obtain various pore diameters ranging from few
nanometers to several hundred nanometers. The pores may be widened by immersing the
film in H3PO, solution. H,SO, is widely used in anodization process and highly ordered
porous membranes were produced. The best regime voltage is 25V for anodization in
sulphuric acid®™.

Template assisted synthesis is a less expensive and simple way to produce
nanomaterials. There is no need of high temperature and high vacuum is required in
chemical and physical vapour deposition technique. Porous anodic alumina film possess
array of nanopores with remarkable properties such as high pore density, circular pores with
controllable pore diameter®.

In this paper our aim is to compare the porous anodic film formed on aluminium alloy
1100 with the pure aluminium (99.997). It has great importance because Aluminium alloy
has high strength and cheaper than pure aluminium. The effect of anodization time on the
pore geometry and pore parameter has been studied. PAA film with highly pore order in
both pure aluminium and aluminium alloy 1100 were prepared in H,SO,4 and morphology
studies were carried out using Field emission scanning electron microscopy.

Experimental

A high purity aluminium foil (99.997%, Alfa Aesar) and commercially available aluminium
alloy 1100 (99.5% purity) were used as starting material. The aluminium 1100 has 98.88%
aluminium with 0.020% Cu, 0.10% Zn, 0.05% Mn & 0.95% is Si+ Fe as alloying element.
First of all aluminium substrate were mechanically polished with fine grade emery paper
followed chemical etching with NaOH (100 g/L). Then the samples were electro polished in
a mixture of HCIO,4:C,HsOH (1:5) for 3 minute at constant voltage of 15V. After electro
polishing the samples were successively rinsed with distilled water ethanol and dried. The
samples were anodized by one step and two step procedure for the fabrication of alumina
film. In the first step the sample were anodised for two hour in 0.3M H,SO, at 25V. The
prepared alumina layer was washed with an etching mixture of 6wt% H3;PO,4 and 1.8wt%
H,Cr,0, at 60 °C for 3 hours. Then the second anodization was performed for 3h, 4 hand 5 h.
The other anodization conditions were same as in first step. Anodization was performed in a
simple electrochemical cell with magnetic stirrer under the constant temperature of 20 °C.
The working surface of sample was 1 cm? A Platinum mesh was used as cathode. The
samples were placed in centre of the platinum mesh. The aim of this work was to investigate
the influence of alloying element on the structural feature and regularity of pore arrangement
in H,SO, media in AA 1100.

Results and Discussion

The current-time characteristics plot has been recorded and shown in Figure 1 for the first
step anodization in 0.3 M H,SO, at 25V for pure aluminium and AA 1100. In all samples
the current time curves shows a local minima within 10 seconds and the minima was
followed by a distinct maxima. The minima indicate the growth of compact layer which
have high resistance.

The formation of maxima after minima is due to the transformation of compact oxide

film in to porous film and then the current density again decreases due to increase in
thicknesses which in turn increase the resistance. The maxima in the curve ascribed to the
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formation and dissolution of film and occurring of pore rearrangement process on the
surface. The current densities observed during anodization of pure Al and AA1100 differ at
the maxima and AA1100 shows the higher current density. This indicates the rapid
dissolution of AA1100 as compare to growth of oxide film. The slight retardation in growth
process is due to presence of alloying elements in Al 1100. When Fe and Mn are the
alloying element they affect the film formation characteristics like field assisted film
dissolution and conductivity during the formation of oxide film*"%,
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Figure 1. The current time characteristic for anodization of pure and Al 1100

From the literature it has been observed that when Si and Fe species were present as
impurity, they hinder the growth of oxide film while anodizing aluminium alloy*. The
accumulation of alloying element on metal oxide interface influence the anodic oxidation
and consequently modifies the oxide microstructure. A regular but dissymmetric porous
arrangement were observed for samples of both pure Al and AA 1100 anodised in H,SO, in
single step for two hours (Figure 2). But pore density is larger in case of AA 1100. The
pores in the film on AA 1100 are broader at the surface and narrow at the bottom having
different geometries with diameter ranges from 8 to 25 nm. The anodic oxide film formed
on pure Al has spherical shape pores with pore diameter from 18 to 48 nm. FESEM images
in Figure 3 shows the morphological structure of film formed by two step anodization. The
porous alumina produced by two step anodization produces a very regular self organised
hexagonal array of pores. It is clearly visible that with increase in anodization time the pore
diameter increase from 27 to 40 nm but the interpore distance is almost same.

Figure 2. FE-SEM image of anodized in single step in 0.3 M H,SO4 Al 1100 (A) and high
purity aluminium (B)
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Figure 3. FE-SEM image of Al 1100 anodized in double step in 0.3 M H,SO,for; (a) 3 hours,
(b) 4 hours, (c) and 5 hours.

This porous anodic alumina film exhibit sub porous structure below the surface. When the
Al 1100 samples were anodized in two step anodization processes, the samples were anodized
first for two hours then washed in phosphoric acid and chromic acid mixture and then anodized
again for 3 hours in the same condition as in first anodization. The two step anodization process
on AA 1100 produce very well organised hexagonal honey comb like structure. When second
step anodization time increases to 4 h and 5 h then the film exhibit a more complex structures
with sub pores beneath the surface. The pure aluminium sample anodized in two step process
produces the slightly more regular arrangement as compare to AA 1100 samples anodized at the
same conditions. With increase in the anodization time in the second step the hexagonally
arranged cells clearly visible in the FE-SEM image and produces a more complex structure with
increase sub pores concentration. It is clearly visible from the FE-SEM image (Figure 3a. and 4)
samples of pure Al and AA 1100 that there is no large effect of there alloying element in AA
1100 and that can be used in the place of pure aluminium which is very costly as compared to
AA 1100.

Figure 5 shows the measured reflectance spectra of AAO films on AA1100 and pure
aluminium by one step anodization and AA 1100 double anodized to different extant of time
(3 h, 4 h and 5 h). As a result of anodization, the reflectance of anodised specimens
decreased as anodization time increases. It is due to the fact that it is due to the increase in
thickness of anodic alumina. Shie et al.,?° has found that interference start at about 100 nm
of AAO film thickness. The origin of reflectance and colour production for anodised sample
may originate from the interference of light waves between the interfaces of light waves

between the interfaces of metal AAO membrane and successive AAO films.
204

—— AA 1100 Single Anodization 2h

—— Pure aluminium Single Anodization 2 H
—— AA 1100 Two step anodization 3 h
—— AA 1100 Two step anodization 4 h
—— AA 1100 Two step sh

Reflectance, %

520 SéO séo 660 GéO SAO
Wavelength, nm

Figure 4. FE-SEM image of pure Al Figure 5. Experimental total reflectance of
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H,SO,for 3 h



Chem Sci Trans., 2014, 3(2), 556-561 560

Thickness of the sample increases with increase in anodization time which in turn
increases the capability to absorb the light waves. When the anodic film increases its
thickness beyond a critical value, the interference disappears and light wave are likely to be
absorbed by the AAO film decreases the total reflectance. The thickness of the samples were
calculated and presented in the Table 1

Table 1. Thickness calculated from reflectance measurements

Sample Thickness, um
AA 1100 single step anodization 2 h 12.80
Al Pure single step anodization 2 h 13.54
Al 1100 single two step anodization 3 h 12.52
Al 1100 single two step anodization 4 h 12.80
Al 1100 single step anodization 5 h 13.03

Conclusion

a) Single step anodization of aluminium 1100 has higher porosity than pure aluminium.

b) A two step self organised anodization of aluminium performed in 0.3 M H,SO, at 25V
results in a complex pore structure with sub pores forms under the film surface and the
complexity of sub pores increases with increase in second step anodization time.

c) The Al 1100 is slight less ordered porous structure than pure aluminium but the pore
diameter is almost same so used as template for synthesize in nano materials which
reduces the cost because Al 1100 is cheaper than highly pure aluminium.
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