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Abstract—This paper aims to fabricated high quality anodic 

aluminum oxide (AAO) film by anodization method. AAO pore size, 
pore density, and film thickness can be controlled in 10~500 nm, 

108~1011 pore．cm-2, and 1~100 µm. AAO volume and surface area can 

be computed based on structural parameters such as thickness, pore 
size, pore density, and sample size.  Base on the thetorical calculation, 
AAO has 100 µm thickness with 15 nm, 60 nm, and 500 nm pore 
diameters AAO surface areas are 1225.2 cm2, 3204.4 cm2, and 549.7 
cm2, respectively. The large unit surface area which is useful for 
adsorption application. When AAO adsorbed pH indictor of 
bromphenol blue presented a sensitive pH detection of solution 
change. This testing method can further be used for the precise 
measurement of biotechnology, convenience measurement of 
industrial engineering. 
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I. INTRODUCTION 

ECENT estimates by several research institutes suggest 
that by the year 2015, $1 trillion worth of products 

worldwide will incorporate nanotechnology in key functional 
components. Roco [1] identifies four generations of 
nanotechnology products: passive nanostructures (circa 2000), 
active nanostructures (circa 2005), systems of nanosystems 
(circa 2010), and molecular nanosystems (circa 2015-2020). 
During the first generation, the emphasis was more on discovery 
and production of nanostructures. In the second generation, the 
focus has shifted towards devices and complex nanosystems. 
Nanostructures play a fundamental role in nanotechnology 
research, especially in the development of nanosystems. In 
addition, nanostructures such as nanotubes and nano film have 
also played an important role in the applied research community. 
For example, TiO2 film has received much attention for solar 
cell energy generation [2-3]. Carbon nanotube film can be 
applied for LCD backlighting [4] and flexible transistor arrays 
[5]. Anodic Aluminum Oxide film for drug released [6]. 

Honeycomb structures with high aspect ratios on the 
nanometer scale have received interest for various applications. 
To obtain an array nanochannel as a template, nanoporous 
alumina formed by anodization has widely been studied several 
decades [7-9]. Aluminum in the presence of air or aqueous 
electrolytes is always covered with a thin natural layer of 
alumina.  
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When a positive voltage is applied to an aluminum substrate 

in a suitable electrolyte, pores form on the surface at almost 
random positions. However, under specific conditions, almost 
perfect hexagonally ordered pores in anodic alumina can be 
obtained. Anodic aluminum oxide (AAO) has received much 
attention, because of its application to the preparation of 
templates and host materials for fabricating nanometer-scale 
devices including magnetics, electronics, optoelectronics, 
bio-sensing and engineered catalytic devices. Electrolytes such 
as chromic acid (CrO3; 2.5~3%, 40 V, 40oC), sulfuric acid 
(H2SO4; 15~20%, 14~22 V, 18~25oC), oxalic acid (C2H2O4; 
5~10%, 50~65 V, 30oC), boric acid (H3BO3; 9~15%, 50~500 
V, 90~95oC), and phosphoric acid (H3PO4; 10%, 10~12 V, 
23~25oC) for AAO fabrication have been commonly mentioned 
in most reports [10-13]. Numerous researchers have focused on 
the high purity (99.999%) of an aluminum substrate, the control 
of applied voltage, electrolyte pH, and the composition of the 
solution, pore widening and compensation processes to 
fabricate a regular array of nanopores on an alumina film.  A 
process which requires a high purity of aluminum (99.999%) 
and two-step anodization is expensive [14-18]. The principal 
methods of fabricating nanochannels include AAO, 
conventional photolithography-base techniques, and 
direct-write electron-beam lithography. However, the 
fabrication of structures with feature sizes smaller than 100 nm 
is a rather daunting task using the conventional electron beam 
and photolithographic techniques. 

The arrayed nano-pores cannot be easily obtained unless 
highly pure (above 99.999%) aluminum foils are used. The 
anodized oxide film includes two layers; the outer layer is 
thicker and more porous than the inner layer. The inner layer is 
also named the barrier, active or dielectric layer and usually 
represents 0.1 to 2% of the thickness of the entire film. [19] 
Akahori [20] has studied that the melting point of this inner 
oxide layer is 1000oC, lower than that of bulk alumina (2017oC 
for Al2O3). Consequently, self-diffusion occurs in the 
nanochannel when the temperature reaches 700oC. The spacing 
of the nano-channels can be controlled to some extent by 
varying process conditions, such as the type, concentration, and 
temperature of the electrolytic solution used for anodic 
oxidation, and the amount of voltage applied. For example, 
varying voltage during the AAO process results in different 
channel sizes. The relationship between the spacing 2R (nm) of 
the narrow pores and the anodic oxidation voltage V (volts) can 
be characterized by the empirical relationship 2R=10+2V. 
Another equation, C=mV, can be used to characterize the 
relationship between pore size C (nm) and anodic oxidation 
voltage V (volts), where m is a constant (2.0~2.5). 
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II. EXPERIMENTAL PROCEDURE 

Aluminum foil (1070, 99.7%) with dimensions 3cm2 × 
0.3mm was put inside the electrochemical holder forming AAO 
through electrolyte polishing and anodization in 
electrochemical bath. The topography of the electro-polish Al 
surface was elucidated by optical microscopy (OM). The 
surfaces were then anodized for 3 hr at 40 V using platinum 
plate as the counter electrode in 3 wt.% oxalic acid (C2H2O4) 
electrolyte at 20 oC. 

As described in Chen [11-13, 21], AAO film can be 
fabricated using an anodization process. The fabrication 
processes for 15 nm AAO template consists of the following 
steps: 
i. Polish the aluminum (Al) substrate (99.7%); then anneal in 

an air furnace at 550 oC. 
ii. Electro-polish the substrate in a bath consisting of HClO4, 

C2H6O, and CH3(CH2)3OCH2CH2OH with 42 V DC for 10 
minutes. 

iii.  First anodization – Polish the Al substrate with 18 V DC in 
H2SO4 solution for 20 minutes. 

iv. Remove the first anodization film by soaking in a solution 
of CrO3 and H3PO4 for 40 minutes. 

v. Second anodization – Repeat anodization using the 
solution from the first anodization, but for a longer time 
(several hours) to form AAO films of varying thickness. 

vi. Remove Al substrate by soaking in a solution of CuCl2 and 
HCl for 30 minutes. 

vii. Widen pore diameter of AAO template using 5vol.% 
H3PO4 solution for 20 minutes. 

According to above steps when the voltage and electrolyte 
(step iii ) are change to 40V and 3 wt.% C2H2O4, and pore 
widening time is 70 min (step vii ), that 60 nm pore size of AAO 
can be formed. As well as, when the voltage and electrolyte 
(step iii ) are change to 195V and 1 vol.% H3PO4, and pore 
widening time is 200 min (step vii ), that 300 nm pore size of 
AAO can be formed. The topographies of the obtained AAO 
were observed using a JEOL JSM-6500F SEM (scanning 
electron microscopy)  

To evaluate AAO adsorption property, the AAO samples 
were immersion in the 0.05wt.% bromphenol blue indicator for 
a period time at room temperature. The characteristics of AAO 
samples with indicator adsorption were test in by the acid and 
basic solutions.  

III.  RESULTS AND DISCUSSION 

A pH indicators for example, bromophenol blue 
(C19H10Br4O5S), methyl red (C15H15N3O2), methyl blue 
(C37H27N3O9S3.Na2) (Fig. 1), methylene blue trihydrate 
(C16H18ClN3S) is a chemical detector for hydronium ions or 
hydrogen ions in the solution or vapor. For applications 
requiring the pH indicator paper or precise measurement of pH 
meter is frequently used. However, the inevasible used of pH 
indicator paper and an electrode volume limited of pH meter 
restrict to the application of pH indicators. 

AAO film of different sizes, pore diameter, and thickness can 
be produced by varying parameter values such as voltage, time, 
and solution. For example, AAO with 10 nm to 25 nm pore size 
and 10µm/h film growth rate can be made by anodization of 10 
vol.% H2SO4 electrolyte and 18V applied voltage, AAO with 30 
nm to 90 nm pore size and 8µm/h film growth rate can be made 
by anodization of 3 wt.% C2H2O4 electrolyte and 40V applied 
voltage, AAO with 180 nm to 500 nm pore size and 5µm/h film 
growth rate can be made by anodization of 1 vol.% H3PO4 
electrolyte and 195V applied voltage. Fig. 2 showed SEM 
images of AAO pore size forming under electrolyte, applied 
voltage, and pore widening time controlling; (a)10 nm and (b) 
20 nm were fabricated by 10 vol.% H2SO4 electrolyte, 18 V; (c) 
30 nm, (d) 50nm, (e) 70 nm were fabricated by 3 wt.% C2H2O4 
electrolyte, 40V; (f) 250 nm, (g) 350 nm, and (h) 500 nm were 
fabricated by 1 vol.% H3PO4 electrolyte, 120~195V. 

 
Fig. 1 The color indicator molecules structure; (a) bromophenol blue 

(C19H10Br4O5S), (b) methyl red (C15H15N3O2), (c) methyl blue 
(C37H27N3O9S3.Na2), (d) methylene blue trihydrate (C16H18ClN3S) 
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Fig. 2 SEM images of AAO pore size of (a)10 nm and (b)20 nm were 
fabricated by 10 vol.% H2SO4 electrolyte; (c) 30 nm, (d) 50nm, and (e) 
70 nm were fabricated by 3 wt.% C2H2O4 electrolyte; (f) 250 nm, (g) 
350 nm, and (h) 500 nm were fabricated by 1 vol.% H3PO4 electrolyte 

 
AAO surface area can be computed based on structural 

parameters such as thickness (D), pore size(2R), pore 
density(ρ), and sample size. For example, given three types of 
AAO with pore diameters of 15 nm, 60 nm, and 500 nm, the 
pore density can be computed as 2.6×1011, 1.5×1010, and 
1.5×108 pore/cm2 when the pores are formed in order on the 
AAO. Fig. 3 showed the schematic The schematic diagram to 

evaluate the pore density( pores．cm-2 ) and pore area fraction 

(%) on the AAO surface; (a) 15nm (1.8×1011 Pore density/ 

pores．cm-2, 15.8%), (b) 60nm (1.3×1010 Pore density/ pores

．cm-2, 36.7%), (c) 85nm (1.0×1010 Pore density/ pores．cm-2, 

56.7%), (d) 100nm (7.6×109 Pore density/ pores． cm-2, 

59.6%), (e) 200nm (2.1×109 Pore density/ pores． cm-2, 

65.6%), (f) 300nm (1.0×109 Pore density/ pores．cm-2, 70.1%), 

(g) 400nm (6.0×108 Pore density/ pores．cm-2, 75.4%), (h) 

500nm (4.7×108 Pore density/ pores．cm-2, 92.2%).; surface 

area with varied AAO pore size and film thickness can be 

calculated using the formulas 2πR × D ×ρ, based on a 1cm2 
sample area. The surface of AAO is increased in a unit volume. 
For example, when AAO has 100µm thickness with 15 nm, 60 
nm, and 500 nm pore diameters AAO surface areas are 
1225.2cm2, 3204.4cm2, and 549.7cm2, respectively. Indeed, 
when AAO has 1cm thickness with 15 nm, 60 nm, and 500 nm 
pore diameters that AAO surface areas are 1,225,220cm2, 
320,442cm2, 54,997cm2, respectively. That means if an 1 cm3 
(surface area is 6cm2) sample has AAO structure the surface 
areas can increase to 204,203, 53,407, and 9,166 times. 

 

 
Fig. 3 The schematic diagram to evaluate the pore 

density( pores．cm-2 )and pore area fraction (%) on the AAO 
surface; (a) 15nm (1.8×1011 Pore density/ pores．cm-2, 
15.8%), (b) 60nm (1.3×1010 Pore density/ pores．cm-2, 
36.7%), (c) 85nm (1.0×1010 Pore density/ pores．cm-2, 
56.7%), (d) 100nm (7.6×109 Pore density/ pores．cm-2, 
59.6%), (e) 200nm (2.1×109 Pore density/ pores．cm-2, 
65.6%), (f) 300nm (1.0×109 Pore density/ pores．cm-2, 
70.1%), (g) 400nm (6.0×108 Pore density/ pores．cm-2, 
75.4%), (h)500nm (4.7×108 Pore density/ pores．cm-2, 

92.2%). 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 

200 nm 
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To evaluate AAO adsorption property, the AAO samples 
were immersion in the 0.05wt.% bromphenol blue indicator for 
a period time at room temperature. The characteristics of AAO 
samples with indicator adsorption were test in by the acid and 
basic solutions and the removal bromphenol blue indicator from 
AAO were tested by acetone dissolution and heating 
decomposition. Fig. 4 shows optical images of AAO surface 
colors. AAO surface can easily adsorb bromophenol blue 
solution. The adsorption quantity is controlled by adsorption 
time. Fig. 4(a) shows blue color with AAO adsorbs 
bromophenol blue solution for a short time. When increases 
adsorption time the bromophenol blue can be adsorbed on AAO 
in saturation. Fig. 4(b) shows dark blue color with AAO absorbs 
bromophenol blue solution for a long time. 

Bromophenol blue is an organic substance that can be used as 
an analytical reagent. Based on its physical and chemical 
properties, bromophenol blue does not degrade quickly in the 
environment and is expected to be persistent in water and soil. 
Bromphenol blue pH indicator can changes from yellow to blue 
over the pH range 3.0 to 4.6 but, dissolution in a dilute basic 
solution. Fig. 4(c) shows yellow color with AAO/ bromophenol 
blue tested in the acid solution. Fig.e 4(d) shows light blue color 
with AAO/ bromophenol blue tested in the soap water of basic 
solution, the partial of bromophenol blue was desolated in the 
soap water. Bromphenol blue can be decomposed in the strong 
acid or strong basic solution; however, the AAO also 
dissolution in the strong acid or strong basic solution. In order to 
protect and re-use AAO the bromphenol blue was removed by 
acetone dissolution. Fig. 4(e) shows light yellow color with 
bromophenol blue removed by acetone dissolution and 
presented a cleaned AAO surface. The other remove 
bromphenol blue from AAO is by heating. Because bromphenol 

blue can be decomposed above 300℃ the AAO is stable above 

300oC. Fig. 4(f) shows gray color with bromophenol blue 
removed by heating and presented a cleaned AAO surface. 

 
IV.  CONCLUSION 

AAO surface area with varied AAO pore size and film 
thickness can be calculated using the formulas 2πR × D ×ρ, 
based on a 1cm2 sample area. The surface of AAO is increased 
in a unit volume. When AAO has 1cm thickness with 15 nm, 60 
nm, and 500 nm pore diameters that AAO surface areas are 
1,225,220cm2, 320,442cm2, 54,997cm2, respectively. That 
means if an 1 cm3 (surface area is 6cm2) sample has AAO 
structure the surface areas can increase to 204,203, 53,407, and 
9,166 times. The large surface area of nanoporous AAO film 
enhances the adsorption of bromophenol blue indicator. The color 
of AAO film with  bromophenol blue adsorption is sensitive to the 
pH. The indicator adsorbed AAO film can further be a precise 
measurement tip in the bio-technology, physical, or chemical 
applications. 

 
 
 

 
 

Fig. 4 Optical images of AAO surface colors. (a) blue color with AAO 
adsorbs bromophenol blue solution for a short time, (b) dark blue color 

with AAO absorbs bromophenol blue solution for a long time, (c) 
yellow color with AAO/ bromophenol blue tested in the acid solution, 
(d) light blue color with AAO/ bromophenol blue tested in the basic 
solution, (e) light yellow color with bromophenol blue removed by 

acetone dissolution, (f) gray color with bromophenol blue removed by 
heating. 
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