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Abstract— From the point of view of scientific and 

practical interest, one of the modern nanomaterials is porous 

anodic aluminum oxide (PAA), and especially membranes 

based on it. An important parameter is the morphology of 

the porous layer. By controlling the pore diameter, it is 

possible to create a filter for various substances, depending 

on the task. The structure of the porous layer is largely 

determined by the quality of the original material. This 

paper considers options for preliminary surface treatment, 

in particular, different polishing methods, and their effect on 

the geometry of the resulting porous layer. SEM and AFM 

images before and after surface polishing are presented.   
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I. INTRODUCTION  

Membranes based on PAA are in demand in many 
areas of science and technology [1–5]. The uniqueness of 
aluminum is that in the process of electrochemical etching 
under certain technological conditions it is possible to 
obtain a layer of aluminum oxide with a self-ordered pore 
structure [6, 7].  

It is known that anodization of aluminum in acid 
electrolytes can occur with different speeds, efficiency, and 
stability. The formation of pores does not begin 
simultaneously over the entire surface of the metal, but in 
energetically more favorable places, which can be places 
where dislocations emerge on the surface, slip lines, grain 
boundaries, impurities, structural defects, etc. Thus, the 
initial distribution of pores on the surface of aluminum is 
random, chaotic, and does not obey ordering, but is 
determined by the homogeneity of the surface. This point 
plays an important role in the process of pore formation. 

At the initial stages of anodic oxidation, a non-porous 
film is formed. The incorporation of electrolyte anions into 
the oxide leads to the formation of non-uniformity of the 
surface potential of the anodic oxide. This leads to the 
localization of the oxidation process. In the case of a 
nanostructured surface, the structure of the porous oxide is 
determined by the morphology of the working side of the 
original aluminum. This effect is determined by the fact 
that the change in current density in different areas of the 
electrode is associated with the non-uniformity of the 
electric field near this electrode. 

The aim of the work was to study the processes of 
controlled formation of nanoporous membranes based on 
aluminum oxide with an ordered system of pores created 
by electrochemical anodization of aluminum foil. 

II. SYNTHESIS OF THE STUDIED MATERIAL 

Since the aim of the work was to form homogeneous 
nanoporous membranes based on aluminum oxide, the 
main object of the study was aluminum foil with a 
thickness of ~ 10 μm (Figure 1,a). Particular attention was 
paid to the methods of preliminary preparation of its surface 
and the actual process of electrochemical anodization, as 
well as to the study of the structure of the obtained porous 
membranes. 
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Fig. 1. SEM image of the original aluminum foil: profile 
(b) and surface morphology (b) 

Aluminum was obtained using the technology of 
multiple hot and then cold rolling. The original foil, as 

.  10 мкм . 



shown in Figure 1, b, contains pronounced rolling lines, 
since the surface roughness of such a foil depends on the 
surface roughness of the rolling shaft, which in turn is 
manufactured using the method of turning smooth 
cylindrical surfaces. The surface profile of this foil has a 
high proportion of the periodic component in the surface 
roughness. 

The foil surface pre-treated in this way subsequently 
contributes to the formation of artificially directed pores, 
limiting their shape and maximum size. In some cases, this 
can be successfully applied. 

However, the most popular option is the porous 
structure of aluminum oxide with a hexagonal arrangement 
of pores. For this, special attention should be paid to 
reducing the surface roughness of the original foil.  

In the work three types of polishing were investigated: 
mechanical, microemulsion, chemical and electrochemical. 
For mechanical polishing GOI paste No. 2 (fine) with an 
abrasive capacity of up to 1 μm was used. For 
microemulsion polishing a microemulsion in the system of 
sodium bis-(2-ethylhexyl)sulfosuccinate – kerosene – 
aqueous solution of acetic acid (1 mol/l) in mass ratios of 
38/15/47, respectively, was used, in which an aluminum 
plate was immersed for 120 minutes at 60°C with stirring 
at 300 rpm [8, 9]. In the last two cases the aluminum foil 
was exposed to an electrolyte based on 20% phosphoric 
acid: for chemical polishing – at a temperature of 40-50 °C 
for 4 minutes; for electrochemical polishing - the process 
was accompanied by an applied voltage of up to 180 V.  

The study of the original and polished by different 
methods aluminum foil was carried out using scanning 
electron and atomic force microscopy. 

III. RESULTS AND DISCUSSION 

The obtained results (Fig. 2) showed that the type of 
polishing used has a significant impact on the surface 
quality, which in turn, together with preliminary 
mechanical faceting of the surface, imposes its own 
limitations on the pore formation process and on the pore 
habit. 
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Fig. 2. SEM images of aluminum foil surface after 
mechanical (a) and chemical polishing. 

The results of microemulsion polishing (Fig. 3) showed 
a reduction in the heights of surface irregularities by 
almost half while maintaining the periodic component of 
roughness. 
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Fig. 3. AFM images of the surface of aluminum foil before 
(a) and after (b) microemulsion polishing. 

To improve the reproducibility of the process of 
manufacturing nanoporous membranes based on aluminum 
oxide, it is necessary to use a source foil with uniform 
surface morphology. 

IV. CONCLUSIONS 

As a result of applying preliminary surface treatment 
stages, both individually and in combination with each 
other, PAA layers with an ordered structure were obtained. 
Typical images are shown in Figure 4. 
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Fig. 4. SEM images of PAA with different pore geometries 

It is possible to control the shape of the pores (square, 
hexagonal, round) and their distribution relative to each 
other on the surface by choosing one or another method of 
preliminary processing of the original aluminum foil. 

Thus, it has been established that the most important 
element of the technological process of forming a system 
of ordered membranes of nanoporous aluminum oxide by 
electrochemical anodization of aluminum foil is 
preliminary surface preparation. 

It is shown how the morphology of the original foil 
affects the pore habit and the formation of a homogeneous 
structure. It is the morphological characteristics that are 
key from the point of view of the practical application of 
nanostructured PAOA membranes. 
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