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Abstract— In this work, Nano-porous alumina membranes were developed under different conditions. we used the double anodizing 

technique to prepare these Nano-porous alumina membranes in order to use them for the synthesis of nanowires by the Template 

method using oxalic acid (0.3M). We systematically varied the anodizing voltage (30V, 40V and 55V) and the temperature (8°C, 16°C 

and 28°C). The results showed that the membranes obtained are influenced by the elaboration conditions. The good configuration of 

the pore’s distribution was obtained for 0.3M oxalic acid under a temperature of 8°C and with an anodization voltage of 40 V. 

Keywords— Nano-porous alumina, oxalic acid, anodizing conditions, double anodizing, nanowire. 

I. INTRODUCTION 

Nano porous alumina was first studied by Keller et al [1] in 1953 and its particularly regular structure was observed. Indeed, 

when alumina is formed by the electrochemical oxidation of aluminium under appropriate conditions, perfectly cylindrical pores 

are formed which can be organized in the plane perpendicular to the axis of these pores into a hexagonal "honeycomb" type 

network. The oxidation mechanisms of aluminium by acidic compounds that can be used to achieve this type of structure have 

been studied and modelled [2, 3] to understand where this particular structure came from and how to better control it. 

Porous anodic alumina membranes fabricated by the electrochemical anodization of aluminium have turned out into a popular, 

inexpensive and greatly versatile material for applications in a broad range of fields such as surface tribology [4], filtration [5], 

catalysis [6], bio sensing [7] and template synthesis of one-dimensional nanostructures [8]. 

Recently, a large majority of authors used the double anodization technique, invented by Masuda [9], for the development of 

Nano-porous alumina membranes. This technique has been the subject of several studies [10-13] and remains elsewhere far the 

most exploited because it provides very interesting results. The alumina membranes synthesized in this case find wide application 

and are actively exploited in the field of development of nanomaterials [14-21]. 

In this paper, we used the double anodizing technique to prepare Nano-porous alumina membranes. We used different of the 

different elaboration conditions (voltage anodization and temperature) to find the right configuration. Morphological properties 

were studied by scanning electron microscopy to observe the influence of processing conditions on alumina membranes. 

II. EXPERIMENTAL CONDITIONS 

A. Mechanisms for the formation of Nano-porous alumina 

The formation of Nano-porous alumina is achieved by electrochemical oxidation of the aluminium film. In this process, the 

sample is used as the anode for the electrochemical reaction and a platinum counter electrode immersed in the electrolyte forms 

the cathode. An acid solution constitutes the electrolyte and is supplied by a voltage generator (Figure 1-a). 

When a voltage is applied between the sample and the counter electrode in solution, an oxidation reaction of the aluminium 

occurs on the surface of the sample, creating an aluminium oxide (alumina) layer. As this oxide layer is insulating, redox reactions 

and ion movements take place at both interfaces as shown in a simplified way in Figure 1-b and lead to a competition between 

several reactions. Mainly, the acid dissolution reaction of alumina which takes place at the alumina/electrolyte interface and only 

for certain anodizing parameters (therefore it is treated separately and in italics in the following table), and the alumina formation 

reaction which takes place at both alumina interfaces with electrolyte and aluminium 
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The details of the chemical reactions taking place are given as follows:  

At the interface between aluminium and oxide (anode) there is: 

 Ionization of aluminum atoms that provide electrons for the electric current:  𝐴𝑙 → 𝐴𝑙3+ + 3𝑒− 

 Creation of alumina from aluminum ions and ions Oxygen having migrated through the oxide: 2𝐴𝑙3+  +  3𝑂2−  → 𝐴𝑙2𝑂3 

At the interface between the oxide and the electrolyte: 

 Creation of alumina from aluminum ions that have migrated through the oxide and oxygen ion layer: 2𝐴𝑙3+  +  3𝑂2−  →

𝐴𝑙2𝑂3 

 Water electrolysis:  𝐻2𝑂 → 𝑂(𝑜𝑥)
2− + 2𝐻(𝑎𝑞)

+  

 Localized dissolution of aluminum oxide: 𝐴𝑙2𝑂3 + 6𝐻3𝑂+ → 2𝐴𝑙3+ + 9𝐻2𝑂 

At the cathode: 

 Hydrogen release and electron consumption from electric current:  2𝐻+  +  2𝑒−  → 𝐻2 

Total balance sheet equation: 4𝐴𝑙 + 6𝐻3𝑂+ → 𝐴𝑙2𝑂3 + 2𝐴𝑙3+ +6𝐻2 + 3𝐻2𝑂 

B. Substrate preparation   

The aluminium used is certified to be 99.99% pure. Acquired in ingot form, we extracted plates of 2 cm by 2 cm and 2 mm 

thick from it. The samples were ultrasonically cleaned in acetone, rinsed with distilled water and then annealed at 400°C for 3 

hours under vacuum to reduce mechanical stress.  The aluminium foils are electropolished in a mixture of perchloric acid and 

ethanol (1: 4 v / v HClO4: C2H5OH) at a constant voltage of 15 V for about 3 min at room temperature. 

C. Anodization of alumina in oxalic acid   

The first anodization was carried out simultaneously in oxalic acid (0.3M) at temperatures (8°C, 16°C and 28°C) with voltages 

(30V, 40V and 55V). After the first anodization, the samples were soaked in a mixing solution (0.4 M H3PO4 + 0.2 M H2CrO4) 

at 30°C for 5 h to remove the porous film formed. The second anodization was carried out under the same conditions as the first 

anodization. The pores were then enlarged using an H3PO4 at 5% mass concentration at 30°C for 30 min.  The first and second 

anodizing took 3 and 8 hours respectively. The curves (current versus time) of the 2nd anodizing was recorded by a computer-

controlled ammeter. These curves were used to monitor the anodizing process as well as to analyze the growth mechanism. 

D. Characterization by Scanning Electron Microscopy (SEM) 

Scanning electron microscopy (SEM) is a technique for mapping surfaces at a resolution of a few nanometers. In this work, we 

used a JEOL scanning electron microscopy (SEM), model JSM-5500 to visualize the morphology of nanoporous alumina 

membranes elaborated under various conditions. 

 

A

v 

Fig.1: Mechanisms for the formation of Nano-porous alumina 

B 
A 
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III. RESULTS AND DISCUSSIONS 

A. Characterization of alumina membranes for the different anodizing steps 

Figures 2 and 3 show the SEM micrographs obtained from Nano-porous alumina membranes at a voltage of 40 V at 8 °C in 

oxalic acid with a concentration of 0.3 M. These micrographs clearly show the influence of anodization conditions on the surface 

and transverse morphology of alumina membranes. 

The SEM images obtained (Figure 2 A) clearly show the formation of the porous alumina structure. After chemical dissolution 

in a mixing solution (0.4 M H3PO4 + 0.2 M H2CrO4) the porous film formed was well removed, as shown in Figure (2 B). The 

SEM images presented in Figure 3 clearly show that the alumina structure obtained is well ordered and the pores are distributed 

in an almost hexagonal arrangement. 

 

 

B. Influence of temperature 

 

Figure 4 shows the morphology of the Nano-porous alumina membrane developed under 40 V voltage and a 0.3 M 

concentration of oxalic acid at different temperature values (8, 16 and 28 °C). Temperature variation has changed the 

morphological structure of the membrane. At an anodizing temperature of 8 and 16 °C the pore structure of the membrane is well 

ordered, while the temperature increases to 28 °C the pores are enlarged and the structure has lost the hexagonal arrangement. 

This means that temperature has an influence on the structure of Nano-porous alumina membranes. In the double anodizing 

technique of aluminum, the increase in temperature dissolves the alumina too quickly in the acid.  

B A 

Fig. 2: SEM images of alumina membrane developed under 40 V in 0.3 M oxalic acid at 8 °C.  A: 1st anodization, B: Chemical dissolution. 

 A B 

Fig. 3: SEM images of the alumina membrane developed at 40 V in 0.3 M oxalic acid at 8 °C.  A: 2nd anodization, B: cross section. 
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C. Influence of the anodizing voltage 

The SEM images of different anodized aluminium samples presented in Figure IV.4 reveal the formation of the porous alumina 

structure for the different anodizing potentials, but the self-organization of the pores, their hexagonal arrangement and their 

diameters vary according to the potential.  

For a voltage of 30V Figure 5-A, the pores do not seem to have a good distribution. In fact, this membrane has more or less 

circular pores and is distributed in a less uniform way. In addition, the SEM image clearly shows the disorder in the pores thus 

formed. In this case, it can be said that the pores show defects in arrangement. 

At a voltage of 40 V (Figure 5-B), the structure of the alumina membrane obtained is highly ordered, the pores are distributed 

in a very regular hexagonal arrangement and a very ordered porosity, with well circular pores and their arrangements show no 

defects.  

The alumina membrane obtained at 55 V (Figure 5-C) has a pore configuration with arrangement defects. The pores obtained are 

quite large and are randomly distributed compared to those of the 40 V synthesized membrane. It is also noted that the geometry 

of the pores is not systematically circular.   

 

From the previous morphological analysis, it can be said that the growth of a Nano-porous alumina layer is strongly influenced 

by the anodization parameters, in this case the potential. Indeed, in oxalic acid, the 40 V voltage remains the optimal value for 

which the highly ordered alumina structure is possible. Above 40 V, the alumina structure tends to become disordered. The pores 

widen and often lose their circular geometries, as is the case with the 55 V anodized sample. A priori, our results are in agreement 

with those published in the literature [22-27].  

C B A 

Fig. 4: SEM images of the alumina membrane elaborated under 40 V in 0.3 M of oxalic acid.  A: 8 °C, B: 16 °C and C: 28 °C.    

 

C B A 

Fig. 5: SEM images of the alumina membrane produced in 0.3 M oxalic acid at 8°C under different voltages.  A: 30 V, B: 40 V and C: 55 V.    

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE V, MAY/2019

ISSN NO: 2394-8442

PAGE NO:21



The current characteristics as a function of time are presented in Figure 6. The anodizing current measured for three potentials 

(30, 40 and 55 V) during the second anodization in oxalic acid 0.3M and 8 °C has three different regions (A1, A2 and A3). 

In region A1, there is a significant decrease in the current density for the applied potentials. At this initial stage, an oxide barrier 

layer is formed on the aluminium surface.  

In the A2 region, the shapes of the current-time curves have the same look for each potential. It is at this stage that the 

dissolution of the barrier layer is initiated.   

In the A3 region, the current value is more or less constant during the second anodization under the potentials 30 and 40 V and 

there is an oscillation for 55 V. 

 

 

IV. CONCLUSION 

 

This study showed that a highly ordered alumina structure was obtained for a potential of 40 V at a temperature of 8°C with 

a concentration of 0.3 M oxalic acid. We also showed that the elaboration of porous alumina membranes is strongly influenced 

by the elaboration conditions such as temperature and anodization voltage. these alumina membranes will be used as a support 

for the synthesis of nanowires in other future works. 
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