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ABSTRACT

In this research is study parameter for synthesis of nanoporous solid membrane for the removal
of heavy metal ions in wastewater. The synthesized solid membrane is low cost. The experimental
is a create anodization apparatus and study anodization parameter on morphology of nanoporous
such as effect of Electro-polishing process, First-step anodization process, Chemical etching,
Second-step anodization process and Pore widening process. The morphology and mechanical
property was examined using field emission scanning electron microscope (FE-SEM) and Micro
Hardness Tester. In result anodic aluminum oxide (AAO) templates were successfully fabricated
by using a two step anodization process at low temperature. The results of the morphology of AAO
with study electro-polishing potential and time found that the pore high uniform with increased
potential and time but the aluminum sample is less thickness. But low temperature found that the
pore high uniform and increased pore diameter. When increased the anodization potential and
temperature resulting the pore diameter is increase and pore is disordered. While the increased first-
step anodization time resulting the hardness is decrease but the hardness is increase with increased
second-step anodization time. Acid solution for remove AAO from first step anodized found that

single acid inappropriate for remove AAO from first step anodized. For AAO from first step

I



anodized was successful by using binary acid of phosphoric acid and chromic acid. When using the
tertiary acid the pore is collapse. From study on effect of pore-widening time and pore-widening
temperature on surface morphology of AAO found that pore diameter is increased from 30 to 80
nm with increasing pore-widening temperature from 30 to 60 degree Celsius. The reaction time
increased from 10 to 80 min, pore diameter is increased from 45 to 55 nm. On the other hand, with
increasing of reaction time from 40 to 80 min, pore is tumbledown. The parameter for synthesis of
membrane is electro-polishing process (10 v, 5 min and 0 degree Celsius), first and second-step
anodized for 4 and 48 hr, chemical etching (phosphoric acid and chromic acid) and pore widening
(10 min and 40 degree Celsius). The AAO membrane synthesized can be remove heavy metal. The
concentration of heavy metal reduce from 100 ppm to 54 ppm.

Keyword : Anodization, Anodic aluminum oxide, Nanoporous, Solid membrane, Heavy metal
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2.5 Mstaeniag
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2.5.2 'Inmiien (Titanium)
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Ui 2.8 mseTulad Innidlon Tasensazaonsaneanesn 1 Tuad, guugil 2009m

waveana 2 uin laoldnszuai A) 2, B) 4, )12 uag D) 20 Haaueuuld [5]

H

' : 2 s
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120 1IN [19]
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Aluminum Specification Price ($)
Aluminum foil 0.5 mm thick 50*100mm (99.9%) 78
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Aluminum foil 0.5 mm thick 100*100mm (99.9995%) 256
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Abstract. In this article we address the process perspective of anodization for fabrication of nickel
coating materials. In this work. we also report the mechanical properties and morphology of coating
materials with various parameters. We investigated the effect of temperature and plating time with
0.3 (A/cm’) of current density. Light microscopes, Scanning Electron Microscopy and Hardness
tester were used to confirm morphology and hardness of target object, respectively. In general it
was observed that anodization process also affected on properties of target object. The hardness of
target object with anodization process will be increased in first period and slightly decreased with
high temperature and longer plating time. The chemical etching treatment had an impact on the
morphological features of the AAO templates lead to morphological features of nickel coating
materials.

Introduction

Film coating technology is widely used in many applications to improve corrosion and/or
abrasion resistance. Many methods have been investigated such as, Micro-arc oxidation [1], Hot
dipping [2], Electroless plating [3-4] and Electroplating [5]. Among various surface coating
treatments. electrochemical plating was considered to be a relatively effective choice, as it can
provide metal coatings that have the desired properties of good corrosion and wear resistance,
solder ability, electrical conductivity or decorative appearance. Electroplating is widely used in
industrial such as automotive industry, hand tools. household items. Because of it can be coated
with a material such as chromium, nickel and etc. Nickel electroplating is one of the most widely
used surface finishing processes for decorative, engineering and electroforming applications [6-11].
Significant amount of works have been done with electro-deposition technology for its admitted
advantage. It is easy to operate and low cost [12].

Alumina is an attractive material for the fabrication nanostructure. Anodic aluminium oxide
(AAO) has interest due to its highly orders porous structures, considerable stability and cost
effectiveness. The typical fabrication process is performed by anodization with supplying a positive
dc bias on Al plate in sulfuric acid [13]. phosphoric acid [14], nitric acid [15] oxalic acid [16] and
etc. AAO forms hexagonally arranged arrays of nanopores like a honeycomb, highly porosity. large
surface area and corrosion resistance. AAQO templates can be obtained easily by a two-step
electrochemical anodization process of aluminum sheet was anodized in some electrolytes [13-16].
The diameter of the pores, the pore density and the thickness of the AAO template can be controlled
by changing their anodization conditions, such as anodization voltage, types of electrolyte acids,
temperature of the electrolyte solution. etc. However, studies on the effect of anodization to open
the pores of Al substrate by applying a voltage pulse in special solution. This method is a result in
AAO with complete through-hole morphology in a fast, environmental-friendly and cost-effective
way.

The main goal of the paper is to fabricate AAO template for improve film coating technology.
The results of one-step of mild anodization could provide a convenient process for synthesis of
nanoporous AAO. We aim to demonstrate the effect of anodization process on fabrication nickel
coating materials.
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Experimental and methodology

The first-step of anodization process and/or chemical etching treatment was employed to
produce AAO template for fabricated of nickel coating material via electroplating method. Atomic
Force Microscope (AFM). Scanning Electron Microscope (SEM) and Hardness tester were used to
characterize the surface morphology and hardness of nickel coated materials.

Nickel sulfate. nickel chloride, boric acid. oxalic acid. absolute ethanol, perchloric acid.
phosphoric acid were analytical grade. Fabrication route of nickel coating material is shown in Fig.
[. Aluminum plate was mechanically polished by sandpaper. ultrasonically cleaned in acetone and
deionized (DI) water for 10 min. After that the sample was electro-polished in 1:4 ratios of
perchloric acid and ethanol for 5 min. Temperature during electro-polishing was kept constant at
25°C. After electro-polishing the Al plate was again cleaned ultrasonically with acetone and DI
water. Nickel coating was prepared by using a Watts-type bath [17] containing 300 g/l nickel sulfate
(Ni>SO4+6H,0). 50 g/l nickel chloride (NiCly*6H,0), and 50 g/l boric acid (H;BO3). A nickel sheet
of 99.99% purity was used as anode. Aluminum plate used as cathode (substrate) materials.
Electroplating conditions were done at temperature (40, 50 and 60 C) with 30 min of plating time
and plating time (30, 60 and 120 min) with 50 'Cof temperature for 0.3 (A/em’) of current density.
respectively. Next. we add a process of anodization and/or chemical etching treatment. The
anodization experiment was carried in homemade setup as shown in Fig. 2. It has strong cooling
coil and magnetic stirrer to maintain electrolyte temperature. concentration and flow. The Al sheet
was attached to the anode and lead sheet was used as cathode. The anodization was done at 5 C, 40
V for 4 hr. The electrolyte used in anodization was 0.3 M oxalic acid. After anodization the alumina
layer formed at surface, was cleaned again in deionized water for 2 min by ultrasonic. Finally, first-
step of anodization experiment was performed to identify the effect of chemical etchmg treatment
on the feature of the AAO template. It was carried in phosphoric acid for 10 min at 35°C.
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Figure. 2 Anodization experiment: A) power
supply, B) lead sheet.C) aluminum, D) magnetic
bar, E) oxalic acid, F) magnetic stirrer, G) insulator.
H) copper coil, I) digital thermometer.

Electroplating process

Figure. 1 Fabrication of nickel coating
material.

Result and Discussion

In this section we present the results in three sub-sections. The first sub-section presents the
effect of temperature and plating time for fabrication of nickel coating material. The second sub-
section presents the address the AAO process for fabrication of nickel coating material. Finally, the
third sub-section presents the effect of chemical etching treatment on the feature of AAO template.
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Fig. 3 shows the images of surface morphology of nickel electroplating (with 10x
magnification) fabricated by applying different temperature and plating time. With the increase of
temperature and plating time, the color was gradually dark. It is due to that the heat generated from
the fabrication process led to color changed. This phenomenon is reflected in an abrupt increase in
the temperature and plating time.

Figure. 3 AFM image of nickel electroplating (a) 40°C, (b) 50°C, (c) 60°C with 30min. (d) 60 min, (e) 120
min with 50°C.

Fig. 4 and Fig. 5 show the effect of the temperature and plating time on the hardness of nickel
electroplating. respectively. With the increase of temperature, the hardness has slightly increased
from 520. 689 and 714 MPa. respectively. While, with the increase of plating time, the hardness has
gradually increased from 520, 1262 and 1517 MPa, respectively. It is due to the thermal effect,
which led to the growth of film thickness. It was generally observed that higher metal layer
thickness was obtained from higher value of temperature and plating time.
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Figure. 4 Hardness of nickel electroplating: (a) Figure. 5 Hardness of nickel electroplating: (a)
40°C. (b) 50°C. (¢) 60°C with 30 min. 30min, (b) 60min, (c) 120min with 50°C.

Fig. 6 shows the images of surface morphology of AAO nickel electroplating (with 10x
magnification) fabricated by applying different temperature and plating time. It can be seen that a
circular nickel feature is gathered on the surface of aluminum plate. With the increase of
temperature and plating time. the nickel deposition has slightly larger. This is because of the heat
generated from the fabrication process led to the high reaction rate.

(a) . ‘; (b) 1

T

Figure. 6 AFM image of AAO nickel electroplating (a) 40°C, (b) 50°C, (¢) 60°C with 30min, (d) 60 min, (e)
120 min with 50°C.
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Fig. 7 and Fig. 8 show the effect of the temperature and plating time on the hardness of AAO
nickel electroplating. respectively. With the increase of temperature and plating time. the hardness
has slightly increased from 635. 804. 843 MPa and 635, 975, 1010 MPa, respectively . It is due to
the thermal effect. which led to the growth of film thickness. It is clear that the temperature and
plating time has a large effet on the morphology and hardness. Consequently, how to prevent the

nickel gater is a key in fabricating anodic aluminum oxide.
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Figure. 7 Hardness of AAO nickel electroplating: (a)  Figure. 8 Hardness of AAO nickel

40°C, (b) 50°C. (¢) 60°C with 30min. electroplating: (a) 30min, (b) 60min, (c)

120min with 50°C.

Fig. 9 shows the images of nickel electroplating with different technique. The morphology in
fig. 9(a) is a flat surface. while morphology in fig 9(b) is a circular nickel gather on the surface. To
prevent cluster of nickel gather. chemical etching treatment can be used. After chemical etching
AAQ, it can be seen the flat surface in fig 9(c). The images taken from the surface of the oxide layer
suggest that chemical etching treatment has an important effect on the morphology of AAO
template. AAO template without chemical etching treatment does not suffice to facilitate pore
formation and pore enlargement since the aluminum oxides produced in the first-step of anodization
cannot be removed at all. The effect of etching treatment on the feature of AAO template by
FESEM micrograph is shown in fig 9(d). The top view of AAO template shows the homogeneous
pore growth. The quality of AAO template produced under this condition is of remarkable quality
particularly after it is submitted to the pore enlargement treatment and attests to offer adequate
quality for the fabrication of nanopore for nickel coated material.

Figure. 9 Image of nickel electroplating: (a) Aluminum plate, (b) AAO, (¢) Chemical etching AAO. (d)
FESEM image of Chemical etching AAQ.

Summary

This research successfully improved the mechanical properties of aluminum plate by
electroplating process. The growth rate of the film thickness and hardness are strongly related with
the temperature and plating time. Anodization process have affected on the nickel electroplating.
The chemical etching treatment had a greatest impact on the morphological features of the AAO
templates with one-step anodization process. The underline issue in this respect is that the etching
cycle must be employed with a consideration of the anodization process. Chemical etching
treatment will be used to develop nanostructures for the multiple applications in the near future.
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Abstract

Morphological features of nanoporous anodic aluminium oxide (AAQO) templates
fabricated by two-step anodization under different conditions were investigated. The
results revealed typical correlations of the anodic aluminum oxide nanopore geometry
with operating conditions. Morphology of AAO nanopore was examined using Field
Emission Scanning Electron Microscope (FE-SEM). Results showed that increasing the
voltage and temperature improves the pore features while an increase in the time has
no effect. The pore sizes were ranging from 45-70 nm. It was found that the pore size
increased in direct proportion with the applied voltage and temperature. Moreover, an
optimal experimental condition where chromate ion are being successfully consolidated
into the AAO, have been determined. This makes it possible to directly use for
membranes applications. For more detail will also be discussed.

1. Introduction

In recent years, anodic aluminum oxide (AAQ) has attracted considerable
attention due to its potential use in a field of nanotechnology, its pore size is typically in
a nanometer scale. Anodic aluminum oxide is the oxide of aluminum, it can be
fabricated by anodization process. Anodization firstly use in the industry to prevent
corrosion of the aircraft, it can be protect aluminium components from corrosion and
mechanical damage. The anodization makes up the solution such as sulfuric acid
H2S04) (1], phosphoric acid(HaPO4) [2]. nitric acid(HNO3) [3] oxalic acid(H2C204) [4] and
ete. It can be used to a variety of examples such as titanium, magnesium, zinc, tantalum
and etc. AAO nanoporous formed looks like a honeycomb. AAO have nanoporous, highly
porosity, large surface area and corrosion resistance. The pore diameter of AAO can be
controlled by varying the anodizing condition and chemical etching process. The initial
pore size of AAO depends on the acid solution used in the anodization process. The pore
size of AAO is increased by the anodization process, because the various properties of
the AAO film depend on the pore size. Anodization process conditions as one-step
anodized [5], two-step anodized [6]. mild anodized [7] and hard anodized [5, 8]. Mild
anodized operate at low voltage, hard anodized operate at high voltage. Anodic
aluminum oxide used in a wide range of application such as colorimetric sensor [9],
photonic [10], sensors for the detection of DNA hybridization [11], humidity sensors [12],
template [13]. The effect of the anodization process on the morphology of anodic
aluminum oxide such as temperature. voltage and anodization time has been
investigated. We expect to find the optimization conditions for anodization process.
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2. Experimental

2.1 Prepare aluminum plate

Oxalic acid, absolute ethanol and chromium oxide were purchased from CARLO ERBA
Co. Ltd., perchloric acid purchased from Ajax Finechem Pty. Ltd. Phosphoric acid
purchased from Merck. The process of anodization is as followed. Aluminium 6061 plate
was mechanically polished by sandpaper. ultrasonically cleaned in acetone and
deionized (DI) water for 10 min. After that the sample was electro-polished in 1:4 ratios
of perchloric acid and ethanol for 5 min. Temperature and voltage during
electro-polishing was kept constant at 25°C and 19v. After elecro-polishing the Al plate
was again cleaned ultrasonically with acetone and DI water for 5 min.

2.2 Anodization process

The anodization process was carried in anodization experiment as shown in Fig.1. It has
strong cooling coil and magnetic stirrer to maintain electrolyte temperature,
concentration and flow. The Al sheet was attached to the anode and lead sheet was used
as cathode. The first-step anodization have condition show in Tablel. The electrolyte
used in anodization was 0.3 M oxalic acid. After anodization the alumina layer formed
at surface, Chemical etching used to remove alumina layer from first step anodized.
Etching process was carried in 6 wt% phosphoric acid (HsPQ4) and 2 wt% chromic acid
(H2CrQs) for 2 hr at 75°C. The second step of anodization have same condition in first
step anodized show in Tablel.

Table 1. Anodization conditions I
o b o
] ‘RN
First step anodized Second step anodized 1 l[;] & 3
5°C 40v. 2hr 5°C 40v. 8hr
15°C 40v. 2hr 15°C 40v. 8hr - %
25°C 40v. 2hr 25°C 40v. S8hr
5°C 20v. 2hr 5°C 20v. 8hr
et} l,) ] y
5°C 80v. Zhx e gl Fig.1 Anodization experiment: A) power supply,
B) lead sheet,C) aluminum, D) magnetic bar, E)
5°C 40v. 2hr 5°C 40v. 4hr oxalic acid, F) magnetic stirrer, G) insulator, H)
copper coil, I) digital thermometer

3. Results and Discussion

Surface morphology of nanoporous anodic aluminum oxide on aluminum
substrate was observed by Field Emission Scanning Electron Microscope (FE-SEM,
JEOL JSM-6335F). Fig. 2 show the top-view FE-SEM images of two step anodization at
40v for 8 hr but different anodizing temperatures from 5. 15 and 25°C. We notice that
higher temperature does accelerate the chemical dissolution, resulting in the pore
broadening from 45, 55 and 65 nm. respectively. In the present study, the porous
structure appeared different depending on anodization temperature. Nevertheless, the
regularity of the pore arrangement has not been disturbed and keeping a hexagonal
close packing structure.
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S8 LT ¢ ; :
Fig.2 FE-SEM images of anodic aluminum oxide with different temperature:
(a) 5°C, (b) 15°C, (c) 25°C

In the traditional two-step treatment, the voltage in the second anodization must be the
same as that in the first step because once the ordering by first anodization was
accomplished, the applied voltage in second step must produce an interpore spacing
that matches the remnant structures of the first step. Fig.3 show the top-view FE-SEM
images of two-step anodization at 5°C for 2 hr but different anodizing voltages from 20,
40 and 60v. It is clearly that the pore width, interpore distance and homogeneity
increased with increasing the applied voltage. The interpore distance in aluminium
oxide layer formed at 40 and 60v were estimated 45 and 70 nm. On the other hand, if
the applied voltage is not high enough, the oxide film cannot form to hexagonal close
packing structure (Fig.3a).

-

Fig. FE'SEM images of anodic aluminum oxide with
(a) 20, (b) 40 v, (c) 60 v

il

W :
different voltage:

Fig. 4 show the top-view FE-SEM images of two step anodization at 5°C for 40v but
different anodization time from 4 and 8hr. The porous AAO nanostructures is clearly
seen and obtained for both cases. The anodization time has no effect on the pore width
and interpore distance but has effect on the thickness of anodic aluminium oxide and
uniform pore size. It was also observed that the thickness of anodic aluminium oxide
increase with prolonged second anodization time. This phenomenon further confirms
that the regularity of the pore arrangement has not been disturbed and keeping a
hexagonal close packing structure mentioned above.

¥

Fig4 FE-SEM iages of anodic aluminum oxide with

Ty

ifferent anodization time:

(a) 4 hr. (b) 8 hr
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4. Conclusion

In this study. we have presented and discussed a fabrication process for
producing nanoporous anodic aluminium oxide film under mild conditions. The
formation behavior of nanoporous anodic aluminium oxide was investigated by varying
the effect of the temperature. voltage and anodization time. It was found that the
anodization in temperature of 5°C, voltage in 40 v and anodization time 8 hr resulted in
optimum conditions for this research now. This kind of porous structure would be more
benefit for filtration application (AAO membranes) in the near future.
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Abstract: Anodic aluminum oxide (AAQ) templates were
successfully fabricated by using a two step anodization
process. Morphology features and mechanical properties of
anodic aluminum oxide templates depend on various
process parameters such as temperature, time, voltage,
chemical etching and etc. The chemical etching treatments
have also a large impact on the morphology features and
mechanical properties of the AAO templates. It was found
that etching solution of nitric acid and phosphoric acid fail
to remove the anodic aluminium oxides from the first step
anodization. The addition of chromic acid offers a marked
improvement in the AAO pore features. Chemical etching
solution of chromic acid is the optimum. Field Emission
Scanning Electron Microscope (FE-SEM) and Micro
Hardness Tester were used to characterize the morphology
and the mechanical properties of AAO template,
respectively. In addition, the relationship between AAO
templates and chemical etching is further discussed.

1. Introduction

Porous oxide growth on aluminium under anodic
basis has been studied [1]. It has attracted considerable
attention due to its potential use in a field of
nanotechnology. The anodic aluminum oxide is the
oxide of aluminium. It can be fabricated by anodization
process. Anodization process conditions such as one-
step anodized [2], two-step anodized [3], mild anodized
[4] and hard anodized [2, 5]. The anodization makes up
the solution such as sulfuric acid (H.SO;) [6],
phosphoric acid (H;POy) [7], nitric acid (HNO;) [8],
oxalic acid (H.C-0y) [9], and etc. The pore size is
typically in a nanometer scale. AAO forms hexagonally
arranged arrays of nanopores like a honeycomb, highly
porosity, large surface area and corrosion resistance.
Anodic aluminium oxide used in a wide range of
application by modify surface of anodic aluminium
oxide used to humidity sensors [10], molecular
separation [11], biomedical [12], drug delivery [13],
template [14] and etc. The pore structure (pore diameter,
inter pore distance, wall thickness, pore length, barrier
layer thickness) depend on various parameter such as
potential, current, concentration of the electrolyte,
temperature of the electrolyte solution, types of
electrolyte acids. The chemical etching treatment had a
highly affect on the morphology of the AAO templates.
It used to remove the anodic aluminium oxide in first
step anodization. The anodic aluminium oxide from first
step have disordered porous. The chemical etching

parameter as etching temperature. concentration of
etching solution, type of acid and etching time have
been investigated. The main goal of the research was
study effect of acid treatment on morphology and
mechanical properties of AAO.

2. Materials and Methods

2.1 Prepare aluminium plate

Oxalic acid. absolute ethanol, chromium oxide and
Nitric acid were purchased from CARLO ERBA Co.
Ltd., Perchloric acid purchased from Ajax Finechem
Pty. Ltd. Phosphoric acid purchased from Merck.
Aluminium plate dimension 20x20x0.5 mm. The
process flow of anodization process is as followed.
Aluminium plate was degreased by detergent and
ultrasonically cleaned in acetone and deionized water for
10 min. After that the sample was electro-polished in 1:4
ratios of perchloric acid and ethanol for 5 min.
Temperature and voltage during electro-polishing was
kept constant at 25°C and 19 Volt. After elecro-
polishing the Al plate was again cleaned ultrasonically
with acetone and DI water for 5 min to obtain
aluminium plate.
2.2 Anodization process

The two step anodization process was employed to
produce AAO templates. The first-step anodization
treatment in Table]l shows the anodization of aluminium
samples in a solution of 0.3 M oxalic acid, 40 V, 3°C for
240 min. On the other hand, the second-step anodization
treatment in Tablel shows the anodization of aluminium
samples in a solution of 0.3 M oxalic acid, 5°C. 40 V for
480 min. A series of two step anodization experiments
were performed to identify the effect of chemical
etching treatment on the features of AAO templates. A
total of 7 different chemical etching solutions in Table 2
were investigated to identify the best etching solution
for the chemical etching process.

Table I The parameter of first and second anodization
treatment in two-step anodization experiments in the
present study

Second anodization
40V
e

First anodization
40V

G 5

Pure and Applied Chemistry International Conference 2014 (PACCON2014)



240 min 480 min

Table 2 The parameter of chemical etching conditions in
the present study

! Time Temperature
Acid (bl 0

Nitric acid 120 70
Phosphoric acid 120 70
Chromic acid 120 70
Phosphoric acid =
and Nitric acid f 7
Nitric acid and

p)
Chromic acid 120 L
Phosphoric acid
and Chromic acid 440 70
Nitric acid,
Phosphoric acid 120 70

and Chromic acid

The schematic diagram for fabrication steps of Anodic
Aluminium Oxide (AAQ) is shown in Figure 1.

Aluminum

Electro-polishing

Furst step anodized

Chenucal etching

Second step anodized

Figurel. Schematic diagram for fabrication steps
of Anodic Aluminium Oxide (AAO).
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3. Results and Discussion

Surface morphology and hardness of Anodic
Aluminum Oxide on aluminum substrate were observed
by Field Emission Scanning Electron Microscope (FE-
SEM, JEOL JSM-6335F) and Micro Hardness Tester
(SHIMADZU), respectively. A series of two step
anodization experiments were performed to identify the
effect of chemical etching treatments on the features of
AAO templates. The effect of etching solutions on the
AAO features is rarely investigated in (Fig. 2, 3 and 4).
respectively. The FE-SEM micrographs taken from the
surface of the oxide layer suggest that chemical etching
solutions have an important effect on the morphology of
AAO templates.

Figure 2. FE-SEM images of anodic aluminum oxide
with different etching solution: a) Nitric acid, b)
Phosphoric acid, and c¢) Chromic acid.

Pure and Applied Chemistry International Conference 2014 (PACCON2014)



From Fig.2 suggest that the kind of etching solution
has an important effect on the morphology of AAO
templates. Nitric acid and phosphoric acid do not proper
to facilitate pore formation since the aluminium oxides
produced the first anodization step can be removed at all
(Fig. 2a and 2b). A uniform aluminium surface essential
for the second anodization step cannot be established
with such kind of etching solutions. Pore formation were
noted when the etching treatment was employed with
chromic acid (Fig. 2c¢). Their distribution on the surface
does not show the feature organized hexagonal pore
array. CrO,"” ions are believed to penetrate into the
imperfections of the aluminium oxide structure.
However, etching was still sufficient to form ordered
AAO template.

Figure 3. FE-SEM images of anodic aluminum oxide
with different binary mixtures of etching solutions: a)
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Nitric acid and Phosphoric acid, b) Nitric acid and
Chromic acid, ¢) Phosphoric acid and Chromic acid.

The next series of anodization experiment were
performed with a focus on the effect of binary mixture
etching solutions on AAO features. The FE-SEM
micrographs of the AAO layers produced with these
experiments are shown in Fig. 3. The binary mixtures of
nitric acid and phosphoric acid did not produce any
either (Fig. 3a). The AAO pores were not properly
etched in etching solutions of binary mixtures of nitric
acid and phosphoric acid. Binary mixtures of nitric acid
and chromic acid were also tested. AAO pore formation
was form (Fig. 3b). While etching is still insufficient to
form ordered AAO template, pore formation improved
upon the addition of chromic acid in to the etching
solutions. Ordered aluminium oxide pores formed in the
etching solutions of binary mixtures of phosphoric acid
and chromic acid suggesting that the disordered
aluminium oxide layer from the first anodization step
was removed entirely without any damage to the
aluminium substrate (Fig. 3c). Highly ordered pore
structure of adequate quality was obtained with etching
solutions of binary mixtures of phosphoric acid and
chromic acid. Their distribution on the surface is
homogeneous. Hexagonal AAO pores were noted when
the etching treatment was employed for binary mixtures
of phosphoric acid and chromic acid. This is because the
CrO, ions can penetrate into the surface of the
aluminum oxide structure and react with the aluminum
sample to form Cr,0;. Cr;O; use to repairs and
improving the properties of the aluminum oxide
structure [3].

The oxides have formed during a first step
anodization process, largely remained on the surface
when intermediate etching step employed tertiary
mixtures of nitric acid, phosphoric acid and chromic
acid (Fig. 4). The pore walls fail to develop the
nanoporous AAO template. On the other, macroporous
structure, tumbledown of pore structure and void were
observed. If the acid in etching solution is excessively
strong, the oxide usually burn. It can be seen that a thin
burnt layer of Al,O; partially covers disordered and
branched pores [15]. The AAO pores were not properly
etched in etching solutions of tertiary mixtures.

Pure and Applied Chemistry International Conference 2014 (PACCON2014)



Figure 4. FE-SEM images of anodic aluminum oxide
etching by tertiary mixtures of etching solutions of nitric
acid. phosphoric acid and chromic acid.
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Figure 5. Hardness of anodic aluminum oxide with
different etching solution; a) Nitric acid, b) Phosphoric
acid and ¢) Chromic acid

Figure 5 shows the effect of the different etching
solution on the hardness of anodic aluminum oxide. We
can observe that the hardness of chemical etching, nitric
acid, phosphoric acid and chromic acid solution were
271.7, 281.5 and 394.2 MPa, respectively.
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Figure 6. Hardness of anodic aluminum oxide with
different mixture etching solutions: a) Nitric acid and
Phosphoric acid, b) Nitric acid and Chromic acid, c)
Phosphoric acid and Chromic acid.

Figure 6 shows the effect of different mixture of
etching solutions on the hardness of anodic aluminum
oxide. When etching with mixture of etching solutions
between [nitric acid and phosphoric acid], [nitric acid
and chromic acid] and [phosphoric acid and chromic
acid], the hardness were 262.8, 338.3 and 416.8MPa,
respectively. The hardness of anodic aluminum oxide
depends on acidity of chemical etching solutions. This is
because of acidity of nitric acid is stronger than chromic

456

acid and phosphoric acid, respectively. Although,
chromic acid is stronger than phosphoric acid but etch
only anodic aluminum oxide [3].

4. Conclusions

The chemical etching treatments have also a large
impact on the morphology features and hardness of
anodic aluminium oxide. The results lead us to
following conclusions:

(1) The nitric acid and phosphoric acid had no effect
on the AAO structure because fail to remove the
aluminium oxides from the first anodization step.
The addition of chromic acid which is a marked
improvement in the AAO pore features.

Tertiary mixtures of chemical etching treatment
were found to be undesirable.

Chemical etching solutions of binary mixtures of
phosphoric acid and chromic acid were identified to
be the optimum for the etching step.

The hardness of anodic aluminum oxide depends
upon acidity of chemical etching solutions.

(2)
3)
(4)

(5)
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Abstract

The anodic aluminum oxide (AAO) can be controlled the morphology of pore by
varies anodization conditions. The many researchers study involve anodization
conditions such as temperature, solution, voltage and etc. It is mostly used for two step
anodization because it has high order pore. In this research we study effect of
anodization times in anodization process. This work used oxalic acid and mild anodized
for fabrication anodic aluminum oxide. Scanning Electron Microscopy were used to
identify morphology of AAO. It can be observed that increase anodization times the
morphology of AAO have high pore uniform. For more detail will be discussed.

1. Introduction

Anodic aluminum oxide is the oxide of aluminum, it can be fabricated by
anodization process. Anodization firstly use in the industry to prevent corrosion of the
aircraft, it can be protect aluminum components from corrosion and mechanical damage.
Later time, the researcher apply anodic aluminum oxide used in widely applications
such as colorimetric sensor [1], photonic [2], filter [3], template [4] and etc. They are
study anodization conditions as temperature, solution, voltage, time and times with
finds appropriate conditions for applications. The two step anodization used in
anodization process by masuda [5]. High order porous of anodic aluminum oxide can be
fabricated by two step anodization. The anodization process can be used to a variety of
examples such as titanium, magnesium, zinc, tantalum and ete. The anodization makes
up the solution such as sulfuric acid (H2SO4) [6], phosphoric acid (H3PO4) [7], nitric acid
(HNO3) [8] oxalic acid (H2C204) [9] and etc. In this research, we study effect of
multi-step of anodizing processes on surface morphology of anodic aluminum oxide.
Field Emission Scanning Electron Microscope (FE-SEM) used to identify surface
morphology of AAO.

2. Experimental

2.1 Prepare aluminum plate

Oxalic acid, absolute ethanol and chromium oxide were purchased from
CARLO ERBA Co. Ltd., perchioric acid purchased from Ajax Finechem Pty. Ltd.
Phosphoric acid purchased from Merck. The process of anodization is as followed.
Aluminium 6061 plate was mechanically polished by sandpaper number 600, 1000 and
2000, respectively. Rinse sample by water, degreaser by detergent and rinse sample
again. Ultrasonically cleaned in acetone and deionized (DI) water for 5 min. After that
the sample was electro-polished in 1:4 ratios of perchloric acid and ethanol for 5 min.
Temperature and voltage during electro-polishing was kept constant at room
temperature and 10v. After elecro-polishing the Al plate was again cleaned
ultrasonically with acetone and DI water for 5 min. Finally, dry aluminum sample with
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heat gun.

2.2 Anodization process

The anodization process was carried in anodization experiment as shown in
Fig.1. It has strong cooling coil and magnetic stirrer to maintain electrolyte
temperature, concentration and flow. The Al sheet was attached to the anode and lead
sheet was used as cathode. The first-step anodization have condition show in Tablel.
The electrolyte used in anodization was 0.3 M oxalic acid. After anodization the alumina
layer formed at surface, the chemical etching used to remove alumina layer from first
step anodized. Etching process was carried in 6 wt% phosphoric acid (H3PO4) and 2 wt%
chromic acid (H2CrOs) for 2 hr at 75°C. The second step of anodization have same
condition in first step anodized. The second, third and fourth anodization used chemical
etching process before anodized.

o
th

Fig.1 Anodization experiment: A) power supply, B) lead sheet,C) aluminum, D)
magnetic bar, E) oxalic acid, F) magnetic stirrer, G) insulator, H) copper coil, D

digital thermometer

Table 1 Anodization conditions.

Anodization condition

Time (hr) Temperature €) Voltage (v)
First anodization step 4 5 40
Second anodization step 4 5 40
Third anodization step 4 5 40
Fourth anodization step 4 40
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Fig.2 Anodization process

3. Results and Discussion
Surface morphology of Anodic Aluminum Oxide on aluminum substrate were

observed by Field Emission Scanning Electron Microscope (FE-SEM, JEOL J SM-6335F).
In this research investigate the effect of the multi-step anodization, series of samples
were fabricated by one (A), two (B), three (C) and four (D) step anodizing processes,
respectively. No structure of a pore forming AAO from one step anodizing process
because one step anodizing process has low potential to pore formation. On the other
hand, two, three and four anodizing processes generate with the formation of the
nanopores in the anodizing process. It was found that the multi-step in the anodizing

processes significantly improve the ordering of the pores structure.

Fig.3 FE-SEM of Anodization: A) 1 times, B) 2 times, C) 3 times, D) 4 times
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4. Conclusion
In this research, we investigate the multi-step of anodizing processes on

morphology of anodic aluminum oxide. It was also observed that increase anodization
times increased the ordered pore. Material fabrication of AAO is based on facile and
inexpensive electrochemical anodization and the outcome of the process are perfectly

ordered and size controlled nanopores.
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Abstract: Anodic aluminum oxide (AAQO) was
successfully fabricated by two step anodizing process at
mild anodizing (low voltage and temperature).
Morphology features and mechanical property of
anodic aluminum oxide depend on various process
parameters. Pore widening t process (temperature and
time) is one of the most important parameter for
developing of pore. The formation of nanoporous
anodic aluminum oxide is used phosphoric acid with
different temperature and time to investigate pore
development process. Field emission scanning electron
microscope (FE-SEM) and micro hardness tester were
used to characterize the morphology and the
mechanical property of anodic aluminum oxide,
respectively. It was found that, when increased the pore
widening time and temperature, the pore diameter of
anodic aluminum oxide was increased from 457 to
55+7 nm at 10 and 20 min. The pore diameter increase
from 33+7, 45+7, 69+6 and 836 nm at 30, 40, 50 and 60 °
C, respectively. The hardness of AAO was decreased
with increase pore widening time from 610+90, 590£39,
33544, 322+11 and 320£11 MPa, respectively. On the
other hand, the hardness of anodic aluminum oxide was
decreased with increase the pore widening temperature
from 657£137, 610+90, 59485 and 504+71, respectively.

1. Introduction

The formation of disordered anodic aluminum oxide
by the anodizing of aluminum has been widely
studied. The hexagonal pore arrays first fabricated via
a two-step anodizing has been investigated since
1995 [1]. The anodizing makes up the solution such
as sulfuric acid (H.SOy)[2], phosphoric acid
(H;PO.)[3], nitric acid (HNO;)[4], oxalic acid
(H.C,04)[5], and etc. The structure of AAO can be
described as a close-packed hexagonal array of
parallel cylindrical nanopores perpendicular to the
surface on top of the underlying Al substrates. The
pore size is typically in a nanometer scale. It have
high porosity and high surface area. The anodic
aluminum oxide used in a wide range of application
by modify surface used to humidity sensors[6],
molecular separation[7], drug delivery[8], template
for growth of nanorods, nanowire, dot and nanotubes
[9-10] and etc. The structural features (pore diameter,
inter pore distance, wall thickness, pore length,
barrier layer thickness) of anodic aluminum oxide
can be controlled by various parameter in the
anodizing process[11-14], chemiica! etching process
and pore widening process. The pore widening used

to develop pore size of AAO. The pore diameter of
the anodic aluminum oxide can be adjusted by pore-
widening solution of phosphoric acid. The pore
diameter of AAO depends on pore-widening
conditions such as pore-widening time, pore-
widening temperature, concentrations of phosphoric
acid and etc.

In this research, we report the effect of pore-widening
time and temperature on pore diameter and hardness
of AAO in two-step anodizing process at low
temperature. Field Emission Scanning Electron
Microscope (FE-SEM) used to identify surface
morphology of AAO and Vicker Hardness Tester
used to identify hardness of AAO.

2. Experimental

Oxalic acid, absolute ethanol, chromium oxide and
Nitric acid were purchased from CARLO ERBA Co.
Ltd., Perchloric acid purchased from Ajax Finechem
Pty. Ltd. Phosphoric acid purchased from Merck.
Aluminum plate dimension 20x20 mm. The process
flow of anodizing process is as followed.

2.1 Sample preparation

Aluminum plates were degreased by detergent and
ultrasonically cleaned in acetone and deionized water
for 5 min. After that the sample was electro-polished
in 1:4 ratios of perchloric acid (HCIO:) and ethanol
(C,HsOH) for 5 minute. Temperature and potential
during electro-polishing was kept constant at 25°C
and 10v. After electro-polishing the Al plate was
again cleaned ultrasonically with acetone and DI
water for 5 min to obtain aluminum plate.

2.2 Anodizing process

The two step anodizing process was employed to
produce AAQ templates. The first-step anodizing
treatment in solution of 0.3 M oxalic acid at 40 V.,
5°C for 240 min. Then the specimens were immersed
in 6 wt% phosphoric acid (H;PO;) and 2 wit%
chromic acid (H-CrO.) at 70°C for 2 hr of chemical
etching to remove anodic aluminum oxide layer. On
the other hand. the second-step anodizing treatment
in a solution of 0.3 M oxalic acid, 5°C, 40 V for 480
min. After second anodizing the sample was pore
widening in 5%wt phosphoric acid. The pore
widening conditions show in table.1 and table.2
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3. Results and Discussion

In this research study effect of pore-widening time
and pore-widening temperature on surface
morphology of anodic aluminum oxide in second step
anodized.
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Figurel. Schematic diagram for fabrication steps
of Anodic Aluminum Oxide (AAQ).

Table 1: Study pore widening temperature.

Concentration Time Temperature
(Yowt) (min) (°C)

5% phosphoric 10 30

5% phosphoric 10 40

5% phosphoric 10 50

5% phosphoric 10 60

Table 2: Study pore widening time.

Concentration  Temperature Time
(Yowt) (°C) (min)
5% phosphoric 40 10
5% phosphoric 40 20
5% phosphoric 40 40
5% phosphoric 40 60

5% phosphoric 40 80
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Figure2. FE-SEM images of anodic aluminum oxide
with different pore widening temperature: A) 30°C,
B) 40°C, C) 50°C and D) 60°C



594+85 and 504+71 MPa, respectively. This is
because the temperature is increased dissolution rate
of oxide. Likewise, in fig.5 was decreased from
610+90, 590+39, 335+4, 322+11 and 320+11 MPa,
respectively. Due to the phosphoric acid etching
leading to thinner of pore wall both of outer and
inner. The hardness and pore size are related by the
pore diameter increased, the hardness is decrease
because the pore wall of large pore is thin. Therefore
it low resistance to indenter [15].

4. Conclusions

In this work was successfully investigated the effect
of pore-widening time and temperature. It was found
that the pore diameter increase with increasing pore-
widening time but the hardness was decrease because
anodic aluminum oxide was removed by phosphoric
acid. On the other hand, the pore-widening time more
than 20 min pore is tumbledown. Also, the pore
diameter increased with increasing pore-widening
temperature but the hardness is decreased because
pore wall is thinning.
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Figure3. FE-SEM images of anodic aluminum oxide
with different pore widening time: A) 10min, B)
20min, C) 40min, D) 60min and E) 80 min.
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From SEM image in Fig.2 (A), (B), (C) and (D)
shows surface morphology of anodic aluminum oxide
with study reaction temperature at 30, 40, 50 and
60<C. It was clearly seen the pore diameter is
increased from 32+7, 4547, 69+6 and 83+6 nm. This
is because the high temperature increasing reaction
rate for dissolution aluminum oxide. Fig.3 (A), (B),
(C), (D) and (E) study reaction time for 10, 20, 40, 60
and 80 min, respectively. It was found that pore
diameter is increased from 45+7 to 5547 nm. On the
other hand, the reaction time increased from 40 to 80
min pore is tumbledown and remove by phosphoric
acid. The hardness of anodic aluminum oxide in fig.4
the hardness was decreased from 657+137, 610+90,



