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Abstract 
 
The anodising of aluminium has been investigated with the aim to realise nano-porous structures and nano-porous 
oxides for use as nano-templates, as gas-sensor systems and as catalysis. Before undergoing electrochemical 
oxidation, aluminium samples were cleaned in acetone, annealed at 500ºC under nitrogen flow and electropolished 
using a mixture of perchloric acid, ethanol, 2-butoxyethanol and water. The pre-treated metal surface was analysed 
with a non-contact surface profilometer. The best pre-treatment results were achieved applying an electropolishing 
voltage between 50 and 60 V for a time of 20-30 sec. Anodising was carried out under potentiostatic conditions, using 
oxalic acid as electrolyte. Different combinations of processing parameters (anodisation time, cell temperature, 
number of anodisation steps) were used in order to optimise the process. Anodised alumina samples were 
characterised with scanning electron and atomic force microscopy. Partially ordered nano-porous alumina was 
obtained, however further investigations are required to optimise the production of highly self-ordered porous 
structures.  
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1. Introduction 
 
Nanoporous alumina materials and structures are 
usually prepared by metal anodisation, using 
electrolytes in which the oxide is slightly soluble [1-2]. 
This process has been investigated in detail for nearly 
60 years [1], but interest in this material has been 
renewed by the work of Masuda and Fukuda [3] who 
succeeded in producing nano-ordered aluminium oxide 
domains. Ordered porous alumina has attracted 
interest as possible templates and masks for the 
fabrication of nano-sized structures suitable for a range 
of electronic and magnetic devices [4,5,6,7,8]. 
Furthermore, because of its high porosity and high 
surface area [9], nanoporous alumina is a potential 
material for gas sensor applications [10]. We have 
investigated the anodising process under potentiostatic 
conditions using oxalic acid as an electrolyte. Our 
preliminary experiments and results are discussed in 
this paper. Further work is required to optimise the 
process, to realise large domain self-ordered structures 
and to investigate possible applications of porous 
alumina. 
 
2. Experimental methods 
 
2.1. Chemical reactions involved in the process 
 
The main reactions involved in the anodising 
experiments are reported below. Reaction 1 
summarises the whole electrochemical process with 
oxide growth at the anode and hydrogen evolution at 
the cathode. Furthermore, at the anode, there is partial 
alumina dissolution, which ultimately leads to the 
generation of pores (reaction 2): 

 
2Al + 3H2O → Al2O3 + 3H2       (1) 

 
Al2O3 + 6H+ → 2Al3+ + 3H2O    (2) 

 

2.2. Aluminium pre-treatment 
 
The importance of metal surface pre-treatment and 
surface condition on the formation of nano-porous 
alumina domains has been previously reported [11]. 
Aluminium foil (purity 99%) samples were cleaned with 
acetone in an ultrasonic bath and subsequently 
annealed for 6 h at 500ºC under nitrogen (flow rate: 
100ºC/min.) to reduce dislocation density and increase 
the grain size. Samples were then electropolished at a 
constant voltage using a solution of perchloric acid, 
ethanol, 2-butoxyethanol and water as the electrolyte. 
The influence of electropolishing conditions on the final 
aluminium surface was investigated by varying the 
voltage from 20 to 60V and time from 20 to 30s.  
 
2.3. Aluminium anodisation 
 
Electrochemical oxidations were carried out using a 
0.4M oxalic acid solution as the electrolyte, under 
potentiostatic conditions (30V). The pre-treated 
aluminium was held on a copper plate covered by tape, 
leaving 1cm2 of the aluminium surface exposed to the 
solution. Platinum was used as a counter electrode at 
the cathode of the cell. The different parameters 
employed to prepare the alumina structures are 
summarised in Table 1. The electrolyte type, the 
electrolyte concentration and applied voltage was held 
constant, with a variation in the anodisation time (from 
3 minutes to 1 hour) and bath temperature (15ºC and 
20ºC). Additional samples were prepared via a ‘double 
step’ anodisation where a pre-treated and anodised 
sample was etched using an aqueous solution 
containing 0.4M phosphoric acid and 0.2M chromic 
acid at 55ºC [12] for 3 minutes. This etching step 
removed the initial oxide layer to leave a textured 
pattern of concaves on the aluminium surface, which   
is considered more suitable for growing nano-ordered 
domains of alumina during the second step [7].  
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Sample 
name 

AO 
1 

AO 
2 

AO 
3a 

AO 
3b 

AO 
4 

AO 
5 

Temp.(ºC) 20 15 20 20 15 15 
1ststep 3’ 10’ 20’ 20’ 30’ 1h 
2ndstep - - - 1h - - 

Table 1. Processing parameters employed during aluminium, 
anodisation. All the experiments were performed at 30V in 
0.4M oxalic acid. Etching after the first step was made in 
solution containing 0.4M phosphoric acid and 0.2M chromic 
acid at 55ºC. 
 
 
 

 
Figure 1. Non-contact profilometer scan of the ‘as received’ 
aluminium surface prior to the electropolishing treatment.  
Legend indicates maximum height in microns.  Ra =0.06µm, 
Rmax =0.61µm 
 
 

 
Figure 2. Non-contact profilometer scan of the aluminium 
surface after electropolishing treatment at 55V for 20s. Legend 
indicates maximum height in microns. Ra =0.05µm, Rmax 
=0.34µm 
 
 
3. Discussion and results 
 
3.1. Electropolishing pre-treatment 
 
Electropolished samples were characterised using a 
Proscan 2000 non-contact surface profilometer with a 
chromatic sensor (resolution 0.01µm). Figures 1 and 2 
show the aluminium surface profile before (Fig.1) and 

after (Fig.2) the electropolishing pre-treatment. A 
reduction in surface roughness, compared to the as-
received material, was observed for all the voltages 
examined (20-60V). Before the electropolishing, Ra   
and Rmax on metal surface were 0.06 µm and 0.61µm, 
respectively, as reported in Fig.1. After the treatment at 
55V for 20 s (fig.2) Ra was 0.05µm and Rmax 0.34µm. 
Mechanical polishing could provide further 
improvement of the metal surface, reducing first the 
Rmax value (ie. reducing biggest peaks) so that 
electropolishing can be focussed on reducing small 
peaks (ie. reducing Ra value). Samples treated at lower 
voltage (from 20 to 40V) exhibit a surface roughness 
comparable with high voltage (50-60V) experiments. 
After electrochemical anodisation, scanning electron 
microscopy (SEM) of the material revealed that a 
nanoporous structure could only be observed for 
aluminium electropolished at the higher voltages (50-
60V). An electropolishing time of between 20 and 30s 
was considered optimum, since electropolishing longer 
than 30s produced voids and pits on the aluminium 
surface. 
 
3.2. Electrochemical anodisation 
 
Aluminium oxide (AO) samples were characterised by 
SEM. Nanoporous domains were successfully 
observed for anodisation times of 10 minutes or longer 
at 30V. For the AO-2 sample (10 minutes) a random 
porous surface can be seen, as shown in Fig. 3a. A 
high magnification image taken from sample AO-4 (Fig. 
3b) anodised for 30 minutes shows a slightly more 
ordered porous pattern than Fig. 3a, confirming that an 
increase in the anodisation time from 10 to 30 minutes 
produces a slightly more ordered alumina. The 
increase in order at longer anodisation times is 
considered to be due to the competition of repulsion 
forces between neighbouring pores [3,13,14].  
A ‘double step’ anodisation was also investigated. After 
the first step (20mins, 20 ºC  at 30V), the oxide layer of 
sample AO-3b was removed by etching for 3 minutes 
at 55 ºC in an aqueous solution of 0.4M phosphoric 
acid and 0.2M chromic acid. The optimum etching time 
depends on the oxide layer thickness and on the 
anodisation time of the first step. In this case etching 
was stopped after 3 minutes when sample became 
conducting, indicating successful removal of the first 
oxide film. Etching for extended periods led to the 
development of pits and cracks on the metal surface 
and no porous structure could be obtained. SEM 
images of double step anodised AO-3b (Fig.4b) reveal 
a self-ordered nano-porous array of alumina. Since the 
first step conditions of AO-3a and AO-3b are identical, 
a comparison between Figs.4a and 4b shows the 
beneficial effect of the double step on the self-ordered 
pores distribution [7,15,16,17]. Variation of the cell 
temperature from 15ºC to 20ºC did not significantly 
influence the structure. The size and morphology of the 
aluminium oxide formed during the process was also 
investigated using atomic force microscopy (AFM) 
operating in contact mode. Three-dimensional low 
(Fig.5) and high (Fig.6) magnification AFM images 
reveals a random porous structure. Since AFM analysis 
was performed after the SEM, the insulating alumina 
surface was covered with a thin layer of gold. This thin 
gold layer (few nanometers) should not dramatically 
affect the AFM analysis. AFM will be used be to 
characterise the porous structure in more detail, 
especially etched and short time anodised sample, 
where the porous structure is extremely thin. 
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 (a) 

 

  
(b) 

Figure 3. SEM images of aluminium porous oxide samples  
(a) AO-2 and (b) AO-4 
 
 
 
 

 
Figure 5. Low magnification atomic force microscopy image of 
surface AO-4 after electrochemical anodisation. 

 
(a) 

 

 
(b) 

Figure 4. SEM images showing a comparison between one 
step anodisation performed on sample AO-3a (a) and double 
steps anodisation performed on sample AO-3b (b)  
 
 
 

 
 
Figure 6.  High magnification atomic force microscopy image 
of surface AO-4 after electrochemical anodisation. 
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4. Conclusions 
 
We have presented a preliminary investigation on 
anodised alumina, focussed on the development of an 
optimised and reliable process for the development of 
nano-porous structures suitable for a range of 
electronic, optical and sensor applications. It is of 
importance to optimise the initial surface pre-treatment 
(especially electropolishing) and the subsequent 
anodised process (electrolyte type, voltage, 
anodisation time). High voltage electropolishing and 
longer anodisation times promoted the formation of 
nano porous structures. The ‘double step’ anodisation 
process was the most successful method in producing 
a self ordered porous structure. Further work will 
develop a standard pre-treatment method and utilise 
high purity metal samples to eliminate defects on the 
metal surface before the anodisation. The employment 
of high purity metal aluminium should provide 
additional improvement by reducing the presence of 
precipitates which, when present at the surface, can 
hinder the formation of an ordered oxide structure. 
These nano-porous structures represent a low cost 
alternative for the preparation of nano-porous arrays of 
a range of materials.  
 
 
Acknowledgements 
 
We would like to acknowledge the University of Bath 
for funding this research by a University Studentship. 
The 4M Network of Excellence is also greatly 
acknowledged. 
 
 
References 
 
[1] J. W. Diggle, T. C. Downie, and C.W.Goulding, 
Chem. Rev., 69, pp.365-405, 1969.  
[2] F. Keller, M.S. Hunter, and D.L. Robinson, J. 
Electrochem. Soc., 100, pp. 411-419, 1953. 
[3] H. Masuda, and K. Fukuda, Science, 268, pp. 1466, 
1468, 1995. 
[4] F. Li, L. Zhang, and R.M. Metzger, Chem. Mater., 
10, pp. 2470-2480, 1998. 
[5] O. Jessensky, F. Müller, and U.Gösele, Appl. Phys. 
Lett., 72 (10), pp. 1173-1175, 1998. 
[6] H. Masuda, H. Yamada, M. Satoh, H. Asoh, M. 
Nakao, and T. Tamamura, Appl. Phys. Lett., 71 (19), 
pp. 2770-2772, 1997. 
[7] H. Masuda, and M. Satoh, Jpn. J. Appl. Phys. Part 
2, 35, pp. L126-L129, 1996. 
[8] A. P. Li, F. Müller, A. Birner, K. Nielsch, and 
U.Gösele, J. Appl. Phys., 84 (11), pp. 6023-6026, 
1998. 
[9] V.Sadasivan, C.P. Richter, L. Menon, and P. F. 
Williams, AIChE Journal, 51 (2), pp. 649-655, 2005. 
[10] E. C. Dickey, O. K. Varghese, K. G. Ong, D. Gong, 
M. Paulose, and C. A. Grimes, Sensors, 2, pp. 91-110, 
2002. 
[11] G. Thompson, and G. C. Wood, Treatise on 
materials science and technology, vol. 23, New York, 
1983. 
[12] T. Xu, G. Zangari, and R. Metzger, Nano Lett., 2 
(1), pp. 37-41, 2002. 

[13] O. Jessensky, F. Müller, and U.Gösele, Appl. 
Phys. Lett., 72 (10), pp. 1173-1175, 1998. 
[14] R. B. Wehrspohn, K. Nielsch, J. Choi, K. Schwirn, 
and U. Gösele, Nano Lett., 2 (7), pp. 677-680, 2002. 
[15] W. Hu, D. Gong, Z. Chen, L. Yuan, K. Saito, C. A. 
Grimes, and P. Kichambare,  Appl. Phys. Lett., 79 (19), 
pp. 3083-3085, 2001. 
[16] N. V. Myung, J. Lim, J. P. Fleurial, M. Yun, W. 
West, and D. Choi, Nanotechnology, 15, pp.833-838, 
2004. 
[17] A. Cai, H. Zhang, H. Hua, and Z. Zhang, 
Nanotechnology, 13, pp.627-630, 2002. 
 

4


	Select a link below
	Return to Main Menu
	Return to Previous View




