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Abstract—This paper aims to fabricated high quality anodic When a positive voltage is applied to an aluminuimstrate

aluminum oxide (AAO) film by anodization method. ®ore size,
pore density, and film thickness can be controitled.0~500 nm,

in a suitable electrolyte, pores form on the swfat almost
random positions. However, under specific condgjcmost

1 -2 . . .
10°~10"" pore. cm?, and 1~10Qum. AAO volume and surface area canperfect hexagonally ordered pores in anodic alunciaa be

be computed based on structural parameters sutltichaess, pore
size, pore density, and sample size. Base orh#terical calculation,

AAO has 100um thickness with 15 nm, 60 nm, and 500 nm por

diameters AAO surface areas are 1225.3, @204.4 cry and 549.7
cn?, respectively. The large unit surface area whistuseful for
adsorption application. When AAO adsorbed pH iratictof
bromphenol blue presented a sensitive pH deteatibrsolution
change. This testing method can further be usedtHer precise
measurement of biotechnology, convenience measuatenoé
industrial engineering.
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|. INTRODUCTION

obtained. Anodic aluminum oxide (AAO) has receivedch
attention, because of its application to the prafam of

?emplates and host materials for fabricating nanerrecale

devices including magnetics, electronics, optoedsits,
bio-sensing and engineered catalytic devices. Elgtés such
as chromic acid (Cr§) 2.5~3%, 40 V, 4%C), sulfuric acid
(H,SOy; 15~20%, 14~22 V, 18~36), oxalic acid (GH,O4;
5~10%, 50~65 V, 3C), boric acid (HBO;, 9~15%, 50~500
V, 90~95C), and phosphoric acid §AQ, 10%, 10~12 V,
23~25C) for AAO fabrication have been commonly mentioned
in most reports [10-13]. Numerous researchers fauesed on
the high purity (99.999%) of an aluminum substrtite,control

of applied voltage, electrolyte pH, and the compasiof the

ECENT estimates by several research institutes suggest

that by the year 2015, $1 trillion worth of prodaict
worldwide will incorporate nanotechnology in keyn@ional
components. Roco [1] identifies four generations
nanotechnology products: passive nanostructuresa(€000),
active nanostructures (circa 2005), systems of systems
(circa 2010), and molecular nanosystems (circa ZUZD).
During the first generation, the emphasis was roardiscovery
and production of nanostructures. In the seconémgion, the
focus has shifted towards devices and complex yaterss.
Nanostructuresplay a fundamental role in nanotechnolog
research, especially in the development of nanesyst In
addition, nanostructures such as nanotubes andfilienbave
also played an important role in the applied redeaommunity.

For example, Ti@film has received much attention for sola

cell energy generation [2-3]. Carbon nanotube fdem be

applied for LCDbacklighting [4] and flexible transistor arrays

[5]. Anodic Aluminum Oxide film for drug releasef][

Honeycomb structures with high aspect ratios on t
nanometer scale have received interest for vaappé$ications.
To obtain an array nanochannel as a template, oaoop
alumina formed by anodization has widely been stidieveral
decades [7-9]. Aluminum in the presence of air quemus
electrolytes is always covered with a thin natuesler of
alumina.
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Solution, pore widening and compensation procesges
fabricate a regular array of nanopores on an alarfiim. A

d?rocess which requires a high purity of aluminur.999%)

and two-step anodization is expensive [14-18]. Phacipal
methods of fabricating nanochannels include AAO,
conventional photolithography-base  techniques, and
direct-write  electron-beam lithography. However, e th
fabrication of structures with feature sizes smat@n 100 nm
is a rather daunting task using the conventioredtedn beam
and photolithographic techniques.

The arrayed nano-pores cannot be easily obtainéeksain
highly pure (above 99.999%) aluminum foils are us€de
anodized oxide film includes two layers; the oul@yer is
thicker and more porous than the inner layer. Tinei layer is
also named the barrier, active or dielectric laged usually
represents 0.1 to 2% of the thickness of the efitire [19]
Akahori [20] has studied that the melting pointtbis inner
oxide layer is 100, lower than that of bulk alumina (207
or Al,O3). Consequently, self-diffusion occurs in the
nanochannel when the temperature reache¥C7ahe spacing
of the nano-channels can be controlled to somenexty
varying process conditions, such as the type, aaraton, and
temperature of the electrolytic solution used farodic
oxidation, and the amount of voltage applied. Feaneple,
varying voltage during the AAO process results ifiecent
channel sizes. The relationship between the sp&én@m) of
the narrow pores and the anodic oxidation voltageodits) can
be characterized by the empirical relationship 2R=2l/.
Another equation, C=mV, can be used to charactettiee
relationship between pore size C (hm) and anodidation
voltage V (volts), where m is a constant (2.0~2.5).
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Il. EXPERIMENTAL PROCEDURE

Aluminum foil (1070, 99.7%) with dimensions 3tnx
0.3mm was put inside the electrochemical holdenfog AAO
through electrolyte  polishing and anodization
electrochemical bath. The topography of the eleptiish Al
surface was elucidated by optical microscopy (ONihe
surfaces were then anodized for 3 hr at 40 V upiagjnum
plate as the counter electrode in 3 wt.% oxalic §€LH,0,)
electrolyte at 26C.

AAO film of different sizes, pore diameter, andcriess can
be produced by varying parameter values such aageltime,
and solution. For example, AAO with 10 nm to 25 pone size

irgnd 1@um/h film growth rate can be made by anodizatiod ®f
vol.% H,SO, electrolyte and 18V applied voltage, AAO with 30
nm to 90 nm pore size angr@/h film growth rate can be made
by anodization of 3 wt.% £1,0, electrolyte and 40V applied
voltage, AAO with 180 nm to 500 nm pore size apcthkh film
growth rate can be made by anodization of 1 vol.%e®

As described in Chen [11-13, 21], AAO film can peelectrolyte and 195V applied voltage. Fig. 2 shov&EM

fabricated using an anodization process. The fatioc

processes for 15 nm AAO template consists of tiieviing

steps:
i. Polish the aluminum (Al) substrate (99.7%); thenesal in
an air furnace at 55.

ii. Electro-polish the substrate in a bath consisting@lO,,
C,HgO, and CH(CH,)sOCH,CH,OH with 42 V DC for 10
minutes.

iii. Firstanodization — Polish the Al substrate withvVIBC in
H,SGO, solution for 20 minutes.

iv. Remove the first anodization film by soaking incdusion
of CrO; and HPO, for 40 minutes.

v. Second anodization — Repeat anodization using
solution from the first anodization, but for a lemgime
(several hours) to form AAO films of varying thickss.

vi. Remove Al substrate by soaking in a solution of Ga@d
HCI for 30 minutes.
Vii.
HsP Oy, solution for 20 minutes.
According to above steps when the voltage and relgtd

(stepiii) are change to 40V and 3 wt.%H;O, and pore
widening time is 70 min (stegi), that 60 nm pore size of AAO

can be formed. As well as, when the voltage andtreliyte

(stepiii) are change to 195V and 1 vol.%R®,, and pore
widening time is 200 min (stegi), that 300 nm pore size of

AAO can be formed. The topographies of the obtaiAé®

were observed using a JEOL JSM-6500F SEM (scanning HA

electron microscopy)

Widen pore diameter of AAO template using 5vol.%

images of AAO pore size forming under electrohdeplied
voltage, and pore widening time controlling; (a)ifd and (b)
20 nm were fabricated by 10 vol.%%0, electrolyte, 18 V; (c)
30 nm, (d) 50nm, (e) 70 nm were fabricated by 3an@,H,O,

electrolyte, 40V; (f) 250 nm, (g) 350 nm, and (805 M were
fabricated by 1 vol.% kPO, electrolyte, 120~195V.

the

COOH
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To evaluate AAO adsorption property, the AAO sarmaple | J

were immersion in the 0.05wt.% bromphenol bluedattr for
a period time at room temperature. The charadesist AAO

samples with indicator adsorption were test inhmy acid and

basic solutions.

I1l. RESULTSAND DISCUSSION
A pH indicators for example, bromophenol
(ClgH 10B r4058) , methyl red (Q‘,H 15N 302), methyl
(CaH2/N3O0Ss.Nay)  (Fig. 1),

blue

hydrogen ions in the solution or vapor. For appimss
requiring the pH indicator paper or precise measerd of pH
meter is frequently used. However, the inevasilsieduof pH
indicator paper and an electrode volume limitegpldf meter
restrict to the application of pH indicators.
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blue

methylene blue trihydrate
(C16H18CIN3S) is a chemical detector for hydronium ions or N S
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CHs Cr CHa
Fig. 1 The color indicator molecules structure;i{gymophenol blue
(C1gH10Br405S), (b) methyl red (€H15N305), (c) methyl blue
(Cs7H27N30S3.N&y), (d) methylene blue trihydrate {§£1:5CIN3S)

H3C~ o
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F|g 2 SEM |mages of AAOpore size of (a)lO nm etmo nm were
fabricated by 10 vol.% }$0, electrolyte; (c) 30 nm, (d) 50nm, and (e)
70 nm were fabricated by 3 wt.%H,0, electrolyte; (f) 250 nm, (g)

350 nm, and (h) 500 nm were fabricated by 1 vol $8®] electrolyte

AAO surface area can be computed based on structura

parameters such as thickness (D), pore size(2R)e

densityp), and sample size. For example, given three tgpes

AAO with pore diameters of 15 nm, 60 nm, and 50Q time
pore density can be computed as 2.6%10.5x16° and

1.5x16 pore/cnd when the pores are formed in order on the

AAO. Fig. 3 showed the schematic The schematicrdiago

evaluate the pore density( poresm? ) and pore area fraction N/ N/
. \( |$0 nm nm

(%) on the AAO surface; (a) 15nm (1.8%1@ore density/

calculated using the formulastR x D »p, based on a 1¢m
sample area. The surface of AAO is increased imitavolume.

For example, when AAO has 10 thickness with 15 nm, 60
nm, and 500 nm pore diameters AAO surface areas are
1225.2cm, 3204.4crfy and 549.7ch) respectively. Indeed,
when AAO has 1cm thickness with 15 nm, 60 nm, &b@ Bm
pore diameters that AAO surface areas are 1,226(#20
320,442crf, 54,997crh respectively. That means if an 1%m
(surface area is 6éinsample has AAO structure the surface
areas can increase to 204,203, 53,407, and 9,188 .ti

po

pores. cmi?, 15.8%), (b) 60nm (1.3x1BPore density/ pores Fig. 3 The schematlc diagram to evaluate the pore

. cm?, 36.7%), (c) 85nm (1.0x1bPore density/ porescm?,
56.7%), (d) 100nm (7.6xf0Pore density/ pores cm?,

density( pores cm®)and pore area fraction (%) on the AAO
surface; (a) 15nm (1.8x10Pore density/ porescm?,
15.8%), (b) 60nm (1.3x1BPore density/ porescm?,
36.7%), (c) 85nm (1.0x1BPore density/ porescm?,

I\JN

o : -2

59.6%), (e) 200nm (2.1xi0Pore density/ pores cm?, 56.7%), (d) 100nm (7.6x2®Pore density/ porescm,

65.6%), (f) 300nm (1.0xf@Pore density/ porescm?, 70.1%), 59.6%), (e) 200nm (2.1xi®ore density/ porescmi?,

. : 65.6%), (f) 300nm (1.0xf@Pore density/ porescm?,

4 0x1DP t 2, 75.4%), (h

(g) 400nm (6.0x1b Pore density/ porescmi’, 75.4%), (h) 70.1%), (g) 400nm (6.0xE®ore density/ porescm?,

500nm (4.7x1b Pore density/ porescm? 92.2%).; surface 75.4%), (h)500nm (4.7xE®ore density/ porescni?,

area with varied AAO pore size and film thickness de 92.2%).
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To evaluate AAO adsorption property, the AAO saraple
were immersion in the 0.05wt.% bromphenol bluedattr for
a period time at room temperature. The characdisist AAO
samples with indicator adsorption were test inhmy acid and
basic solutions and the removal bromphenol blue#aidr from
AAO were tested by acetone dissolution and heating
decomposition. Fig. 4 shows optical images of AA@face
colors. AAO surface can easily adsorb bromopherak b
solution. The adsorption quantity is controlled dysorption
time. Fig. 4(a) shows blue color with AAO adsorbs
bromophenol blue solution for a short time. Wheoréases
adsorption time the bromophenol blue can be addarsheAAO
in saturation. Fig. 4(b) shows dark blue color vAhO absorbs
bromophenol blue solution for a long time.

Bromophenol blue is an organic substance that earsed as
an analytical reagent. Based on its physical anemitel
properties, bromophenol blue does not degrade yuickhe
environment and is expected to be persistent iemaid soil.
Bromphenol blue pH indicator can changes from yelio blue
over the pH range 3.0 to 4.6 but, dissolution idilate basic
solution. Fig. 4(c) shows yellow color with AAO/dmophenol
blue tested in the acid solution. Fig.e 4(d) shiigid blue color
with AAO/ bromophenol blue tested in the soap walffebasic
solution, the partial of bromophenol blue was datsal in the
soap water. Bromphenol blue can be decomposeatistthng
acid or strong basic solution; however,
dissolution in the strong acid or strong basic soitu In order to

Fig. 4 Optical images of AAO surface colors. (a)etolor with AAO
adsorbs bromophenol blue solution for a short tifmedark blue color
with AAO absorbs bromophenol blue solution for agdime, (c)
the AAO oalsYellow color with AAO/ bromophenol blue tested hretacid solution,
(d) light blue color with AAO/ bromophenol blue ted in the basic
solution, (e) light yellow color with bromophendlie removed by

protect and re-use AAO the bromphenol blue was veidy  ,cetone dissolution, (f) gray color with bromopHeiae removed by

acetone dissolution. Fig. 4(e) shows light yelloatoc with
bromophenol blue removed by acetone dissolution and

presented a cleaned AAO surface. The other remove

bromphenol blue from AAQO is by heating. Becausenipbenol
blue can be decomposed above80the AAO is stable above

300°C. Fig. 4(f) shows gray color with bromophenol blue
removed by heating and presented a cleaned AA@curf H
2

V. CONCLUSION 3]

AAO surface area with varied AAO pore size and film
thickness can be calculated using the formubeR & D >,
based on a 1chsample area. The surface of AAO is increased
in a unit volume. When AAO has 1cm thickness wimin, 60  [5]
nm, and 500 nm pore diameters that AAO surfacesasea
1,225,220ch) 320,442crfy 54,997cry, respectively. That [g]
means if an 1 cf(surface area is 6&@nsample has AAO [7]
structure the surface areas can increase to 2042087, and {g}
9,166 times. The large surface area of nanopor@d® Alm
enhances the adsorptionbmémophenol blue indicatol.he color
of AAO film with bromophenol blue adsorption is sensitive to th
pH. The indicator adsorbed AAO film can further be agse
measurement tip in the bio-technology, physicalclemical
applications.

heating.
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