Influence of Anodizing Voltage on Formation of Porous Anodic
Aluminium Oxide Thin Films in Mixed Solution of H;PO,and
CH;COOH

Juyana A.Wahab®, D. Mohd. Nazree? and A.H Iqwan1

'School of Materials Engineering, Universiti Malaysia Perlis, Malaysia.
?Institute Nano Electronic Engineering, Universiti Malaysia Perlis, Malaysia
juyanal506 @yahoo.com, nazree @unimap.edu.my

Abstract

A porous anodic aluminium oxide (AAO) thin film on aluminium was prepared in a
mixed electrolyte of phosphoric acid and acetic acid solution. The growth and
morphology of the film were investigated. During the anodizing process, the growth of
AAO thin film is strictly influence by the anodizing parameter. The anodizing process
was done by varying the anodizing voltage at 70 V to 130 V. The constant temperature
of 10 °C to 15 °C was applied and the anodizing process was done in the solution of
H;PO, and CH;COOH (H;PO,:CH;COOH). The results indicate that the growth rate of
AAO thin film increased with increasing the anodizing voltage. Morphology of the AAO
thin film was examined by scanning electron microscope (SEM). Result shows that
higher anodizing voltage led to the larger pore diameter. The pores also uniformly
distributed on the substrate surface when the anodizing voltage reached to 130 V. From
this study, the optimum parameters to obtain nanoporous AAO thin film with H;PO, and
CH;COOH solution can be known. The anodizing voltage should be in the range of 70 —
130 V in order to produce pores below 100 nm in size.
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1. Introduction

Anodic aluminium oxide (AAO) thin films grown in acid electrolyte possess porous
structure on substrate surface. The geometry of AAO thin film is characterized by a
closely packed array of columnar hexagonal cells with nanopores at their centers [1].
AAO film has great applications. It is widely use in the manufacturing of hard disc,
adhesives, templates for nanoparticles, quantum dots arrays, magnetic materials and
also photocatalysts [2 - 8].

AAO thin films can be obtained by anodizing, which is a process for nanostructured
material fabrication. The anodizing of aluminium has been widely studied because it
always covered with a thin oxide film. This is the cause of aluminium has high affinity for
oxygen which makes it an excellent corrosion resistant metal. [9, 10]. In anodizing
process, there are several factors affected to the formation of AAO thin films which are
anodizing temperature, voltage, electrolyte and also anodizing duration.

The nature of an electrolyte used for aluminium anodizing is a key factor which
determines the type of oxides grown on the substrate surface [11]. AAO thin films were
mainly grown in strongly acidic electrolytes such as sulfuric, oxalic, phosphoric and
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chromic acid solutions, where the resulting oxide film can be only sparingly soluble [11].
In this study, mixed acid solution was used to create AAO thin film with controlled
morphology. Ma Song-Jiang et al. [12] has been reported that mixed acid solution as
anodizing electrolytes can decrease the film dissolution rate, then increase the film
formation efficiency and improve the film properties [12].

The mixture of phosphoric acid and acetic acid can create porous AAO thin film
through oxidation and reduction reaction in anodizing process. The physical, chemical
and electrical properties of this oxide film can be measured by anodizing process.
However, the porous AAO thin film properties is strictly influenced by anodizing process
parameter such as anodizing voltage, electrolyte temperature, acid concentration and
duration of anodizing process. Thus, the study approach on anodizing process by using
H:PO, and CH;COOH will be explored to obtain the nanostructured porous AAQO thin film.
The new hypothesis will be generated with explore the relationship between anodizing
process parameter and formation of AAO thin film on aluminium substrate in order to
enlarge its applications.

2. Experimental

The fabrication of aluminium substrate is done by melting and casting process. In
this experiment, pure aluminium pellets (99%) were melted in a graphite crucible in
induction furnace under vacuum atmosphere at temperature 850 °C. The melt was cast
into stainless steel 304 mould (& 20 mm) and cooled in open air at room temperature.
The samples then were annealed at temperature 500 °C for two hours. The sample with
3 mm thick is grinded and polished by using diamond paste until mirror-like surface are
obtained. The anodizing process was done by using mixed acid solution which is
phosphoric acid (1.0 M) and acetic acid. Anodizing process was done at 70 V to 130 V at
10 °C to 15 °C for 60 minutes. The morphology and structure of porous AAO thin film
obtained were characterized by Scanning electron microscope (SEM) model JEOL JSM-
6460LA SEM.

3. Results and Discussion
3.1. Morphology of porous film

The effect of the anodizing voltage on film morphology was investigated. Figure 1
shows the morphology of the film anodized in four different voltages, 70 V to 130 V
respectively. For anodizing with 70 V, the surface of oxide formed possessed irregular
structure with small pores. The pores formed were non-uniform and discontinuity.
Meanwhile, the pores formed in 90 V of anodizing voltage were more circular and
separated by thick pore walls. The pores were possessed irregular structure and
discontinuity. For 110 V, the pores were continuity formed on the surface and the pore
structure become more open. The pores were also separated by the thick pore walls. By
increasing the voltage into 130 V, the structure of pore was more circular with large
opening. The pores also formed uniformly on the surface.
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Figure 1: SEMimages of AAO films formed in 1.0 M H;PO, + CH;COOH (a) at 70V, (b)
at 90V, (c) at 110V and (d) at 130V.



3.2. Pore size

Figure 2 shows the average pore diameter for every sample anodized at 70 V to
130 V. Firstly, the graph was slightly decreased and then gradually increased the
anodizing voltage increased. The average pore diameter anodized with 70 V was around
66 nm in size. The pores are more irregular and smaller. When increasing the voltage
into 90 V, the average pore diameter becomes smaller which is around 61 nm. The
substrate anodized with 110 V has larger pore diameter which is about 75 nm. When
anodizing voltage up to 130 V, the average pore diameter becomes larger around 92 nm.
The pores were uniformly distributed on the surface. This result is similar with Sachiko
Ono et al. (2003), which have been reported that in anodizing with 0.4 M HsPO,, higher
anodizing voltage resulted to larger pore size [13]. This is similar with Yan Zuo et al.
(2006) which have been reported that the diameter of pores become larger as the
anodizing voltage increased in the 0.6 M H3;PO, electrolyte [14].
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Figure 2: AAO pore diameter anodized with 70V to 130V.

3.3. Effect of anodizing voltage on formation of Porous AAO Thin Films

Figure 3 shows the effect of anodizing voltage on formation of AAO thin films on
substrate surface. When the anodizing voltage increased, the percentage of substrate
mass change also increased. For anodizing with 70 V, the mass of substrate decreased
0.16% after 60 minutes anodizing. When the voltage increased to 90 V, the total of mass
change is 0.18%. For anodizing with 110 V, the percentage of mass change increased to
0.22%. For the higher voltage at 130 V, the percentage of mass change was around
0.25%. The increment of percentage of mass change in anodizing process shows that
AAO thin film formed on substrate surface very well.
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Figure 3: Effect on different voltage on formation of AAO thin film.




4. Conclusion

During anodizing of aluminium in 1.0 M H;PO, + CH;COOH, porous AAO thin films are
formed. Result for surface morphology and kinetic reactions of the films by varying the
anodizing voltage were obtained. Higher anodizing voltage at 130 V led to the larger
pores diameter which is around 92 nm and the pores were uniformly distributed on the
substrate surface. The percentage of weight change increase by increasing the
anodizing voltage. It shows that AAO thin films growth successfully on substrate surface
at high anodizing voltage and resulted to the large pore size. This study showed that
HsPO, + CH;COOH are suitable electrolyte for growing porous film on aluminium surface
with controlled morphology. From this research, the optimum parameters to obtain
nanoporous AAO thin film with solution of H;PO, + CH;COOH can be known. The
anodizing voltage should be in the range of 70 — 130 V in order to produce pores below
100 nm in size.

References

[1] Nicholas N. Bwana, “Synthesis of Highly Ordered Nanopores on Alumina by Two-
Step Anodization Process,” Research Paper, DOI 10.1007/s11051-007-9253-3,
University of Oxford, UK, 2007.

[2] H. Wang and H.W. Wang, “Analysis On Porous Aluminum Anodic Oxide Film
Formed In Re—OA-H3PO4 Solution,” J. Materials Chemistry and Physics, 97, pp.
213-218, March 2006.

[3] Allen Bai, Chi-Chang Hub, Yong-Feng Yang and Chi-Cheng Lin, “Pore Diameter
Control of Anodic Aluminum Oxide with Ordered Array of Nanopores,” Journal of
Electrochimica Acta, 53, pp. 2258-2264, September 2007.

[4] T. Nagaura, F. Takeuchi and S. Inoue, “Fabrication and Structural Control of
Anodic Alumina Films with Inverted Cone Porous Structure Using Multi-Step
Anodizing,” Journal of Electrochimica Acta, 53, pp. 2109-2114, September 2007.

[5] Patrizia Bocchetta, Carmelo Sunseri, Giovanni Chiavarotti and Francesco Di
Quarto, “Microporous Alumina Membranes Electrochemically Grown,” Journal of
Electrochimica Acta, 48, pp. 3175-3183, April 2003.

[6] Jagminas, D. Bigeliene, |. Mikulskas and R. Tomasiunas, “Growth Peculiarities of
Aluminum Anodic Oxide at High Voltages in Diluted Phosphoric Acid,” Journal of
Crystal Growth, 233, pp. 591-598, July 2001.

[7] Shoso Shingubara, “Fabrication Of Nanomaterials Using Porous Alumina
Templates,” Journal of Nanoparticle Research 5, pp. 17-30, March 2003.

[8] Belwalkar, E. Grasing, W. Van Geertruyden, Z. Huang and W. Z. Misiolek, “Effect
of Processing Parameters on Pore Structure and Thickness Of Anodic Aluminum
Oxide (AAQO) Tubular Membranes,” Journal of Membrane Science, 319, pp. 192-
198, March 2008.

[9] Rajagopal, “Conversion Coatings; A Reference for Phosphating, Chromating, and
Anodizing Process,” McGraw-Hill, New Delhi, 2000.

[10] Sun-Kyu Hwang, Soo-Hwan Jeong, Hee-Young Hwang, Ok-Joo Lee and Kun-
Hong Lee, “Fabrication of Highly Ordered Pore Array in Anodic Aluminium Oxide,”
Journal of Korean Chem. Eng., 19(3), pp. 467-473, 2002.

[11] Ali Eftekhari, “Nanostructured Materials in Electrochemistry,” Wiley-VCH,
Weinheim, 2008.



[12] Ma Song-Jiang, Luo Peng, Zhou Hai-Hui, Fu Chao-peng and Kuang Ya-Fei,
“Preparation Of Anodic Films On 2024 Aluminum Alloy In Boric Acid-Containing
Mixed Electrolyte,” Journal of Trans. Nonferrus Met. Soc. China, 18, pp. 825-830,
April 2008.

[13] Sachiko Ono and Noboru Masuko, “Evaluation of Pore Diameter of Anodic Porous
Films Formed on Aluminum,” Journal of Surface and Coatings Technology 169-170,
pp. 139-142, 2003.

[14] Yan Zuo, Yan Zhao, Xiaotian Li, Nan Li, Xuelian Bai, Shilun Qiu and Wenxue Yu,
“Synthesis of Alumina Nanowires and Nanorods by Anodic Oxidation Method,” J.
Materials Letters, 60, pp. 2937—-2940, 2006.



