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ABSTRACT 

 
Anodic Aluminum Oxide (AAO) membrane is most popular membrane that can be 
fabricated by using anodization process. The AAO membrane is popular for its regular and 
controllable pores for many applications including sensors, hemodialysis, protein 
separation, photovoltaic, high density memories, synthesis of functional nanostructures, 
nano tubes, and making mask for semiconductor industry. 
 
This thesis work contains research on the AAO membranes- its fabrication process, 
comparison and analysis of the results obtained under different conditions. For this 
research three type of Aluminum sheets are used (based on purity), and on each type of 
Aluminum sheet AAO membrane has been grown. The process include cutting of Al sheet, 
cleaning in Acetone and DI water, Annealing, Electro polishing, 1st step of anodization, 
Alumina etching, 2nd step of anodization, Aluminum etching and finally testing with 
Scanning Electron Microscope. Two types of anodization processes have been used for this 
research: mild anodization and hard anodization. Both process tested for three different 
type of Aluminum sheet at different time and finally results obtained as SEM (Scanning 
Electron Microscope), image has been compared and analyzed. 
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CHAPTER 1 

INTRODUCTION 

1.1 Rationale of the thesis: 

Nano technology can be define as interdisciplinary science which encompassing areas like 
Physics, Chemistry, Material Science, Biology and Engineering. Nano-technology can self-
assemble atoms into structures with capability of highly controlled properties. The nano 
structure can be dimensionless (nanoparticles), one dimensional (nano wire), two 
dimensional (thin films) and even it can be three dimensional (arrays, hierarchical 
structure). These nano structures may be obtained through two methods:  
 

i) Bottom up process: It uses self-assembly for building nanostructure by bringing in 
individual atoms and molecules together. 

 
ii) Top down process: It involves breaking the big chunks of material (by chemical 

process or by physical process) into smaller objects of required size and shapes 
through ion implantation, mechanical milling etc.  

Nano technology is one of the most emerging research areas in today’s world. Twenty first 
century is the era of revolution of various areas of science and technology and nano 
technology is one of them. Because of very small dimension of the particles many 
properties of material like electrical, mechanical and optical become effective. Present day 
research includes fabrication and analysis of nanoparticles and applies for different kind of 
uses. Many young researchers are focusing their career in this field.  
 
Process of anodization is used from the past 100 years. Anodization changes the surface 
chemistry of material which may define as electro chemical process. This process protects 
the metal from wear and tear i.e deterioting from many physical phenomena. A thick layer 
of anodic oxide deposit on the surface of the metal which can avoid the the process of 
oxidation up to greater extent. 
 
Due to high strength to weight ratio aluminum is used for anodization in various 
engineering applications. Generally Aluminum oxide exit in two types: 

 
i) A wear resistant barrier layer which is non porous in nature. This layer is 

electrically insulator in nature. Physically this is hard and thin. 

ii) Another one is a porous layer. This structure has a very high aspect ratio and known 
as Anodic Aluminum Oxide.   

AAO layers are also used as template in many applications related to nano-technology. The 
reason behind it can be periodic, cylindrical and to highly controlled the diameter of the 
pores. Conventional anodization process was extremely disordered. In 1998 Masuda et al. 
developed a way in which he divided the anodization process in two steps  1st step of 
anodization and 2nd step of anodization, which gave excellent results because the pores 
were highly ordered and in hexagonal shapes.  
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Alumina is the only stable oxide of Aluminum which is known and now days it has a wide 
areas of applications. Alumina forms a porous, regular and self-organized structure. Size of 
this is in nano level. This contains more than half part of element by weight ratio. This 
particle has following properties: insulator as electrical properties, transparent as optical 
properties sometime it may be semitransparent, biological properties may be compatible or 
inert. Physically it will be porous. This nano structure can be used as a template because 
this is a highly ordered and well defined. Diameter of the pore can vary from 5 nano meter 
to 10 micro meters with the changes of anodization technique and other well developed 
techniques. One of the most famous membrane in Micro electro Mechanical System is 
Anodic Aluminum Oxide that can replace the expensive lithography machine available in 
the market.  

 
Figure 1.1 Basic principle of AAO membrane 

 
1.2 Objective:  
The basic aim of this thesis work is: 

1.  To fabricate an Anodic Aluminum Oxide (AAO) membrane under different 
condition: on different purity of Aluminum sheet, with different chemicals and 
different time duration of experiment. 
 

2. Compare and analyze the results obtained as SEM (Scanning Electron Microscope) 
image. 

 
1.3 Outline of report: 
Our thesis divided into five chapters: 
 

Chapter 1: This is introductory chapter that presents the basic introduction about 
Anodic Aluminum Oxide (AAO) membrane. 
 
Chapter 2: This chapter presents the literature review on AAO, its fabrication method 
and different application.  
  
Chapter 3: This chapter presents methodology used for fabrication of AAO membrane.  
 
Chapter 4: This chapter presents results and discussion section. Comparisons of results 
obtained under different conditions with different chemicals and with time duration of 
experiments. 
 
Chapter 5: This chapter presents conclusion section of the entire thesis work. 

2 

 



CHAPTER 2 

LITERATURE REVIEW 
 

This chapter covers literature study related to membrane technology, especially about 
Anodic Aluminum Oxide and AAO membrane. 
 
2.1 Introduction  
Process of anodization is used from the past 100 years. Anodization changes the surface 
chemistry of material which may define as electro chemical process. This process protects 
the metal from wear and tear i.e deterioting from many physical phenomena. A thick layer 
of anodic oxide deposit on the surface of the metal which can avoid the the process of 
oxidation up to greater extent. 
 
Due to high strength to weight ratio aluminum is used for anodization in various 
engineering applications. Generally Aluminum oxide exit in two types: 

 
i) A wear resistant barrier layer which is non porous in nature. This layer 

is electrically insulator in nature. Physically this is hard and thin. 

ii) Another one is a porous layer. This structure has a very high aspect    
ratio and known as Anodic Aluminum Oxide.   

AAO layers are also used as template in many applications related to nano-technology. The 
reason behind it can be periodic, cylindrical and to highly controlled the diameter of the 
pores. Conventional anodization process was extremely disordered. In 1998 Masuda et al. 
developed a way in which he divided the anodization process in two steps  1st step of 
anodization and 2nd step of anodization, which gave excellent results because the pores 
were highly ordered and in hexagonal shapes.  
 
 

 
 

Figure 2.1 Basic structure of AAO membranes 
 
Kasi et al. (2010) reported for a membrane fabricating system that is available in AIT 
MEMS lab. This system is much cheaper than the commercially available equipment in the 
market. This system can be used for Electro polishing and both step of anodization. With 
system we can go for hard and mild anodization. Along with other MEMS experiment this 
system is quite suitable for the fabrication Anodic Aluminum Oxide. Many experiment has 
been conducted with this system by our MEMS colleagues. With this system we can 
conduct experiment for longer and longer time. Like 48 hours of anodization or even go for 
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72 hours. The equipment is well organized with a digital thermometer, exhaust fan to 
evacuate unwanted gas formed during the process. If we compare the prices with that 
available in the market it is more than 20 times cheaper. The system is equipped with 
multi-level cooling system that help to maintain the temperature around zero degree 
Celsius.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2 Header of low cost AAO fabrication system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.3 Internal view of low cost membrane system 
 

In the figure below almost all part of homemade machine is shown. 1st two figures show 
the head of machine. In fig. 2.2 (a) it is shown from outside view and in fig 2.2(b) inside 
view is shown. In this a thermometer, an exhaust fan, cathode and anode has been shown. 
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This all kept inside an insulating wall cover by glass from the top, so that during 
experiment we can see the inside sample. This is really a unique system made by our senior 
colleagues working in AIT MEMS lab. Major part of our experiment has been completed 
with this system. 

 
The entire system has been kept inside a small refrigerator to maintain the desired 
temperature.  It can be seen in fig 2.3 (a) and (b). During conducting experiment door of 
the refrigerator should be close. In the front part of this system a digital temperature 
indicator has been shown to observe the desired temperature inside the system. If 
temperature is not as per requirement then we should wait for a while to obtain desired 
point. A variable DC power supply source has been kept beside it to supply needed power 
for the system [18].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.4 Front view of low cost membrane fabrication system 
 

Michalska et al. (2013) try to explain about Anodic Aluminum Oxide membrane 
fabrication with an Aluminum sheet which is quite low in purity level. They performed 
experiment on both kinds of Aluminum sheet: a very high purity and on low purity and 
they compare the results. In this paper they try to explain about how to get a better result 
with low purity of aluminum sheet by changing chemicals used for anodization process. In 
this paper instead of using conventional chemicals like Sulphuric acid, Phosphoric acid or 
HCl for anodization (that is used worldwide from long time), They used solution that was a 
proper mixture glycol, water and 0.3 molar Sulphuric acid with use of different voltages 
like 15 V, 20 V, 25V, 30 V and 35 Volt at the temperature of -1 degree Celsius. They did 
various experiments and try to obtain result from these experiments. This is very important 
from future research point of view and for new generation researchers. This research is not 
only for using mixture of the required solution as used by them. But the real part is that 
various experiments can be done with different use voltages and even with the variation of 
temperature. It may be possible that a very unique and desired results can be obtain that has 
not been obtained so far with these new experiments various pore size can be obtained and 
even it is possible to obtain a membrane with improved mechanical stability. In this paper 
they also explained about chemicals composition of AAO membrane. They explained 
about the AAO membrane on aluminum sheet in which bottom part of membrane is pure 
oxide while upper part of membrane is a contaminated oxide and the whole system is under 
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electrolyte. So it’s all depending upon the use of membrane that which purpose it is going 
to use for. If only pore size and mechanical stability of membrane is matter then we can use 
even contaminated part. But if we need to use where we need pure oxide then we can use 
bottom part of membrane. 
 
 

 
 
 

Figure 2.5 Chemical composition of the AAO membrane 
 

2.2 Fabrication process: 
 
Kasi et al. (2010) reported for an Anodic Aluminum Oxide membrane that is nano porous 
in size. Their researches are very useful for patient who is suffering from kidney failure. 
The device made by this technique is wearable. Patient can use this device while walking 
and they can continue their normal life. This paper described about novel structure of the 
Anodic Aluminum Oxide membrane that had been fabricated with use of commercial grade 
impure aluminum sheet as basic substrate. This kind of fabricated membrane exhibits 
complete regular and defined hexagonal shape. Nano pores can be observed at the bottom 
part. Average diameter near lower layer pore is about 50nm. Average thickness is about 
42.5 micro meters. While upper pore diameter is about 350 nano meter. The nanoporous 
inside this fabricated membrane is almost straight and perpendicular. The membrane is two 
layers and can be used for speeding up the hemodialysis process for kidney patient [17].  
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Han et al. (2007) described about Anodic Aluminum Oxide. The barrier Layer of 
membrane can be open by using technique of wet etching process. The process is highly 
controlled. With the use of wet chemical etching barrier layer Anodic Aluminum Oxide 
can be opened gently and we have control upto nano meter level. After etching of barrier 
layer a small scale composition will be changed. The process also helps to get a unique and 
clear pattern for hexagonal. This nano structure can be helpful for phase image and 
topography and pattern observation. These will differentiate between contaminated and 
onalate anion. Alumina and a very pure alumina. This paper explains for template pattern 
and its implication. This will also helpful for chemical particles, catalyze and its 
application. By studying etching, opening of pore and its rate we can go for some other 
experiments. This is a well-established process to control the size of pore. Temperature 
used for this process is also sensitive. A little difference in temperature may result in un 
desirable result.   
 
Kasi et al. (2010) reported for Anodic Aluminum Oxide membrane fabrication. Generally 
we fabricate membrane on one side of membrane of Aluminum Sheet but their experiment 
results in successful fabrication of membrane on both sides of Aluminum sheet. In this 
paper they describe about the condition for a structure that is hexagonal in shape, very 
ordered and self-organized in nature. This paper explains for fabrication of AAO 
membrane with use of oxalic acid and Sulphuric acid. An array of very ordered pore was 
observed. Membrane thickness depends on anodization voltage and pore size depends on 
voltage used for anodization. This effect can correlate with the expansion of volume that 
depend on voltage used for oxidation process and current efficiency for formation of oxide. 
This will result in stress measurement for mechanical process of metal oxide. This 
experiment also explains for repulsive and attractive forces between neighboring pores 
[26].  
 
Meng et al. (2010) reported for Anodic Titanium Oxide Membranes fabrication. They used 
recycling process to clean the surface. A self-organized and free standing membrane can be 
formed on very large area.  Clean surface were facilely prepared for desired lengths via the 
process of electrochemical anodization of highly pure Titanium sheets in an ethylene 
glycol electrolyte. With a small amount of NH4F and H2O at about 50 V, followed by the 
process of anodization process, nanowire oxide layer can exist over well-arranged ATO 
nanotubes. After the sufficiently rinsing with the water the whole ATO layer were removed 
from Titanium sheet with high pressure of Nitrogen gas. A well-patterned dimple layer 
with a thickness of around 30 nm can be exist on the Ti substrate. Nano-scale pits can be 
seen as templates by using this method. In second and third step of anodization process a 
highly ordered, free standing, and vertically aligned ATO membranes with the Anodic 
Aluminum Oxide (AAO) like clean surface was obtained. The distance between two pores 
was 154±2 nm and diameter was 91±2 nm respectively. The tube arrays lengths for process 
of 25 and 46 hours was obtained as 44 and 70 meter respectively. The present study can 
demonstrates a simple approach to produce a high quality and length controllable, large 
area Titanium Oxide membrane.  
 
 
Kasi et al. (2010) reported for Anodic Aluminum Oxide membrane fabrication. In this 
particular paper they try to explain about a complete new structure that is two layers. 
Structure of membrane is of two layers. A hexagonal structure can be observe on the upper 
part of membrane while lower portion structure with narrow holes. The membrane can be 
fabricated by using two step of anodization 1st step of anodization and of second step of 
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anodization. Anodization process may be hard or mild. Fabricated membrane was 
perpendicular to the surface and straight. Membrane fabricated by using this process can be 
used for hemodialysis and hemofiltration process [11]. 
 
Fang et al. (2008) reported about Mesoporous membrane its deformation and indentation. 
Anodic Aluminum Oxide membrane’s mechanical properties were tested with the use of 
Scanning Electron Microscope and Atomic Force Microscope. Indentation measurements 
have been done. This is two-step process where fabricated membrane were successfully 
fabricated and tested. These were tested hollowly and vertically. Micro indentation and 
nano indentation were tested. During nano indentation localized pop in was found. 
Cylindrical structure collapse during the experiment. Micro indentation was tested for a 
particular load. 
 
Hasan et al. (2012) reported about AAO-AAO bonding and fabrication of three 
dimensional micro channels with their application. For observing AAO-AAO bonding 
theory, aluminum sheet were anodized from both the sides. This anodization process was 
continued until the AAO from both the sides met with each other. At the barrier layers, 
AAO from both sides were bonded, which was termed as AAO-AAO bonding. AAO-AAO 
bonding had been utilized for fabrication of a nonporous micro channels. They punched 
Aluminum in a particular manner that can help to get some specific and continuous shape 
on both sides aluminum sheet. Method suggested by them does not required very 
expensive lithography machine or deposition of multiple layer. Thickness of the micro 
channel fabricated by this method was 75 m while membrane wall was 37 m thick. 
Average diameter was 50 nm for nanoporous. This fabrication process was very low cost 
as compare to the other method found in the market and can have application in biomedical 
related applications, sensors and molecular separation [19]. 
 
Kasi et al. (2012) reported for Anodic Aluminum Oxide membrane fabrication technique 
with the use of two step of anodization. It was observed that branching and bending 
behavior of nano channels are very useful for future experiments. They studied and for 
nano channels in details. Anodic Aluminum Oxide nano channels were fabricated on 
Aluminum sheet having 99.56 % purity level. In this experiment propagation of nano 
channels were blocked by iron and silicon impurities. The behavior bending and branching 
of nano channel can be minimizing with the use of a non-planer surface. Till now it was 
assumed that AAO membrane is fully straight and there is no scope for branching of it or 
rather tendency of bending. The Anodic Aluminum Oxide membrane fabricated by 
anodization process show this behavior of bending and branching not only for a very high 
purity Aluminum sheet but the tendency remain for the membrane fabricated with the use 
of low purity of Aluminum sheet. Especially this experiment and result are useful for the 
non-anodize part of Aluminum sheet. Nano channel fabricated by this process can be 
useful for many researches in the future. Till date no one has focus their research on this 
field. With the research done by Kasi et al.  a three dimension structure can be obtained 
[20].  
 
Wewala et al. (2012) reported for a nano channel that can be useful for the patient suffering 
from cancer. Cancer is very dangerous disease to cause death of human being. Every year 
thousands of people suffered from cancer and loss their life. Many researchers from many 
areas have focus their research on this area. Wewala research is one of them. She gave idea 
for separation of cancer cell from the blood. For this they use micro channel which is 
ascending curvilinear. But, if cancer cells are identified at initial stage, patient treatment 
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can be low cost and there is much more for its success. Their works presents the design and 
simulation of Ascending Curvilinear Micro Channel for separation of the particles which 
can resemble to the cancer cells. The separation system can be design and simulate by with 
use of inertia focusing cell separation techniques. Inertia focusing technique for cell 
separation by micro channel can be obtained by simulation technique. The idea is obtained 
by computational fluid dynamics theory. The simulation was carried out in two stages; for 
focusing and separation respectively. The mixture was flowed with velocities of 0.105 m/s, 
115 m/s and 125 m/s respectively and with Reynolds number of Re=8.5, 9.25 and 10.06. 
This ascending curvilinear channel design demonstrates a favorable focusing, and 
separation 100 % efficiency can be obtain using 100 % pure aluminum sheet. Maximum 
output and input ratio of velocity 0.105m/s. Cancer cells are also of about 15 µm and the 
their proposed micro channel can be a  good candidate for cancer cells separation from 
blood [21]. 

 
Hasan et al. (2012) reported for Fabrication of Thinner Anodic Aluminum Oxide Based 
Micro channels. Mechanical strength of Anodic Aluminum Oxide membrane depends on 
its thickness. But if membrane is too thick its filtration capacity decreases because some of 
filtring material may stuck with the wall of membrane. They propose and fabricated a thin 
membrane that is mechanically stable. With this research both the problem that is 
mechanical stability and filtration capability has been solved. They not only fabricated the 
system but also tested for deionized water and salted water. In this fabrication average 
diameter of pore has been measured and it was found as 50 nano meter while membrane 
thickness was 4 micrometer. For this system one side is flat while other side is with micro 
channel. Inlet and outlet were present on both sides. The fabricated membrane was straight 
and perpendicular to the surface. Micro channel exists on two sides one flat and other one 
to the side. Width of the micro channel was 200 micro meter while wall was 100 micro 
meter. During testing it was observed that PH value of deionized water changed after 
flowing through the channel [22]. 
 
Kasi et al. (2012) reported for tubular membrane that was fabricated using anodization 
process of anodic aluminum oxide. The process used for fabrication was voltage 
detachment that was continuous in nature and etching technique. In this paper they 
explained about a very new and most easy method for the barrier layer Alumina (BLA) and 
Aluminum (Al) etching during fabrication of the AAO tubular membranes. Using this 
particular method AAO detachment experiment, BLA and Al etching have done in a single 
step only. This process was named as continuous voltage detachment and etching (CVDE). 
In that method the Aluminum tube was not need to insulate from any side during 
anodization or etching. AAO tubular membranes of 1.5 cm diameter and 5 cm length had 
been fabricated very successfully. The AAO tubular membranes were fabricated using 
three different grads of Aluminum and their comparison was given [40]. 
 
Kasi et al. (2012) reported for the micro structure that can be used for drug delivery 
system. Cracks and geometry analyzed in this structure was useful for a very special 
purpose. They found different kind of structure in this experiment like micro bowl, conical 
tube or micro cone. However membrane was fabricated using simple procedure as used for 
fabrication of another membrane that is two step of anodization. 1st step of anodization and 
second step of anodization. Anodization process may be hard or mild anodization. 
Specialty of their experiment was that it fabricated using simple process as available in 
AIT MEMS lab [24]. 
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Jung et al. (2008) reported about Electrodeposited Nickel Nano dots Array on the Silicon 
Wafer. In that particular paper they explained about Nanoporous Anodic Aluminum Oxide 
(AAO), they describe about magnetic properties of Anodic Aluminum Oxide membrane. It 
was the unique research related to this field. Till now people were focusing on Anodic 
Aluminum Oxide membrane, its pore size, pore depth and its application for filtration 
purpose and or for making template. But they worked on its properties related magnetic 
material. They also used silicon after for its analysis. It may have advantage that Anodic 
Aluminum Oxide may be work as host material because after making membrane many 
more experiment can be performed on this particle. Magnetic material can be deposited 
into the pores with the use of sputtering machine or by electro deposition. With the use of 
direct current sputtering magnetic material can be embedded on AAO membrane. Entire 
sample was tested and was analyzed by magnetic hysterics loop that show a very unique 
ferromagnetic properties Uniform layer of ordered magnetic material can be deposited. Fig 
2.6 shows clearly about the deposition of magnetic material on AAO membrane. Different 
kind of magnetic material can be deposited based on different uses.   
 
 

 
 

Figure 2.6 Basic structure of membrane on aluminum sheet 
 
Yan et al. (2010) reported about Anodic Aluminum Oxide membrane fabrication. In this 
paper self-organized nano porous was observed that can be used for pattern transfer and 
making templates for semiconductor industry. In their experiment a self-organized nano 
holes was observed which have diameter around 30 nano meters to 60 nano meter. They 
sputtered different material like silicon or Aluminum on it finally went for etching the 
mask. Depth and pores of the nano materials are highly controllable from nano meter level 
to micro meter level. The pattern can be easily transferred on the silicon wafer. Their 
experiment can be observed in the fig. 2.7. We can see that there may be many kind of 
pattern on silicon wafer made by sputtering process on Anodic Aluminum Oxide 
membrane.  

10 

 



 
 

Figure 2.7 One of the application of AAO membrane 
 

 
 
 
2.3 Summary: 
 
In the above section of literature review, many authors have explained about the fabrication 
of Anodic Aluminum Oxide membrane with use of different processes. Many authors had 
used only mild anodization process which is a time taking and they analyzed the result 
obtained as SEM images. The main experimental procedure for membrane fabrication is 
anodization process; different authors have used different chemicals and different duration 
of time for it. It was the Masuda who had first used the two steps of anodization process 
and got remarkable results, after which two step of anodization became one of the most 
popular process for AAO membrane fabrication process. There is another key point 
obtained from the literature review that is process of hard anodization. It is much faster 
than the traditional mild anodization process. But result obtained by this process is not as 
good as the mild anodization process. So, if there is sufficient time to perform, the 
experiment mild anodization will be preferable. Also different standard of results can be 
obtained with use of different purity of Aluminum sheet. A very high purity of aluminum 
sheet is 99.999+% which is very expensive. So if very high degree of result is needed then 
it is suggested to use very high purity of Aluminum sheet, but if fare degree is ok for 
experimental purpose then low purity is Aluminum sheet is advisable because it is much 
cheaper than high purity aluminum sheet. Although with different method of experiment 
and use of different chemicals we can obtain a fair result with low purity of Aluminum 
sheet. Different authors have used different methods, different chemicals and different 
processes for each and every experiment. Few authors used per chloric Acid and Ethanol 
for Electro polishing but some of the authors had used 1:4 ratio Sulphuric acid for the same 
task. I preferred to do this with per chloric Acid and Ethanol that can give better result than 
any other. Same is true for cleaning process in Acetone and DI water, the authors have 
experimented different time for cleaning. After all literature review, I prefer to clean it with 
ultrasonic cleaner 10 minute in acetone and then 5 minute in DI water. Some authors prefer 
to go for annealing but most of them not have gone through this process. According to my 
observation, with annealing we can get much better result than without of it. Similarly the 
anodization process is the main experiment for membrane fabrication, many kind of 
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chemicals has been used by many authors, list of the chemicals that can be used for this 
process have mentioned in Table 1. Many authors mix some other chemicals with these to 
obtain better results or to speed up the process. Chemicals etching can be done by two 
processes one is very conventional process and other is invented by Kasi et al. If users are 
expert with the second process then it is preferable to use this, otherwise conventional 
process is good. 
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CHAPTER 3 

METHODOLOGY 
 
Entire experimental work can be divided into sub sections. To achieve the main target of 
this Thesis the processes were completed step by step, which are described below: 
 
3.1 Sample preparation 

 
For this project we have used a commercial grade impure aluminum sheet with thickness of 
0.5 mm and area of 2 cm2 for the membrane fabrication. Based on purity, we have used 
three grade of aluminum sheet: 
 

1. 99+  %  
2. 99.99 %  
3. 99.999 %  

 
 

 
Figure 3.1 Sample of aluminum sheet 

 
Sample need to be cut properly to avoid distortion on surface and in corner. For this 
purpose, we have used lathe machine shop in Pathumthani.  
 
3.2 Cleaning 

 
Sample with desired size processed for cleaning. We have used ultrasonic cleaning 
machine, available in our MEMS lab for this purpose. The sample had gone through two 
stage of ultrasonic cleaning. 

 
a. In Acetone for 10 minute and  
b. In DI water for 5 minutes. 

 
Figure below depicts the top view and front view of programmable ultrasonic cleaning 
machine with sample inside the machine. Sample had been kept in a weaker with excess of 
acetone in 1st stage and with DI water in 2nd stage. Inner part of machine is filled with tab 
water till half-length of weaker. Required temperature can be set to the machine. Generally 
we keep temperature of 30 to 40 degree Celsius.  

13 

 



 
 

Figure 3.2 Top view of ultrasonic cleaner 
 
 
 

 
 
 

Figure 3.3 Front view of ultrasonic cleaner with power supply 
 
The advantage of cleaning sample in Acetone is that it can absorb oil, coolant, carbon and 
other related impurities on the surface of Aluminum sheet. And after 1st step of cleaning in 
Acetone, in second step of cleaning DI water will remove Acetone on the surface of 
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Aluminum. Just after cleaning, sample had been dried with Nitrogen gas. System of 
nitrogen gas can be seen in the figure 3.5. 

 
3.3 Annealing 

 
Cleaned sample had been kept in an annealing chamber with 450 oC in nitrogen 
atmosphere for 3 hours. Annealing machine is equipped with vacuum pump, gas supply 
system and gas mixing system and programming panel, it can be clearly observe in figure 
below. 
 

 

 
 

Figure 3.4 Annealing system 
 
The reason behind annealing process is that, the distorted and dislocated structure caused 
by cold working of aluminum is less stable than the annealed and strain Free State to 
which it tends to revert. In refined zone Aluminum, this reversion may also take place at 
room temperature. Aluminum with lower purity rate and commercial aluminum alloys 
undergo these structural changes only with annealing at the required temperatures in 
Nitrogen atmosphere. 
 
By the process of Annealing, Aluminum sheet will recover all the strain hardened and 
stabilized tempers. Products getting hard by cold, can be restored to a soft, ductile 
condition, by annealing. It eliminates strain hardening as well as the changes in structure 
that are the result of cold working. 
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Figure 3.5 Different gas cylinders for drying and annealing purpose 
  
3.4 Connecting Sample with Cu wire and covering it by epoxy  

 
Annealed sample had been attached to the Cu wire, as it is shown in the figure 3.6.  First a 
small hole is drilled in a corner of sample, and then a suitable length copper wire is 
attached with it. For drilling, we have used a specific drilling machine that is shown in the 
figure 3.7. 
 

 
 

Figure 3.6 Sample connected with copper wire 
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And the joint of copper wire and sample had been cover by epoxy. If, sample had not been 
covered by epoxy, then bare copper of the wire may had been gone through unwanted 
chemical reaction with different chemicals used during experiments. I experienced these 
unwanted reaction and undesirable results during initial period of my experiment work. 
Resulted in impurity of chemicals and Aluminum sheets, because of that particular 
chemicals and experiment was designed for Aluminum sheet with specific purity and 
desired results. Even a small part of uncover copper will result in destroying whole system 
and finally making new chemicals and repeating the entire experiments. This is very 
sensible part of experiment and need to do it with high care and with great precision and 
accuracy.   

 

 
 

Figure 3.7 Drilling machine 
 
 

 
 

Figure 3.8 Sample connected with wire and covered with epoxy 
 

Generally, we have used black brown color epoxy, white brown epoxy can be dissolved 
with ethanol. Aluminum sheet connected with copper wire and properly covered by epoxy 
went through desired chemical experiments. 
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3.5 Electro-polishing 
 

Electro polishing is a chemical process which changes the smoothness of the metal. This is 
an electrochemical process in which we connect metal to the anode while we use lead rod 
as cathode. For our experiment we have used two cathodes and kept our sample between 
two cathodes while connecting it to anode. The chemical used for this purpose is per 
chloric acid and ethanol in the ratio of 1:4. Time of electro polishing depends on the 
surface smoothness. If surface is rough enough we need more time for electro polishing 
while if the surface is smooth we need less time. Generally time required is between 4 to 7 
minutes. Temperature required for this is near to zero degrees Celsius. We have used 
system available in AIT MEMS lab for this that was fabricated with a small refrigerator. 
Faraday’s law explains principle behind electro polishing. Smoothness of surface is 
primary objective behind this; however it also cleans the metal. After performing the 
process of electro polishing we clean it with DI water and then dry it with excess of 
nitrogen gas. Unwanted gases formed during the process of electro polishing are exhausted 
by an exhaust fan attached with the system. During this process metal on the surface is 
removed as ion by ion and make surface as near equivalent to mirror finishing. It also 
protect metal from corrosion because an oxide layer is deposited on the surface of metal. 

 

 
 

Figure 3.9 Sample connected to Electro polishing System 
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The annealed sample had been gone through electro polishing in a solution of 1:4 ratio 
per chloric acid and Ethanol in 1:4 ratios respectively by attaching Al sample with 
anode and lead will be used as cathode. Time requirement may be 4 to 7 minute 
depends on sample surface finishing at 0-5 oC. 

 

 
 

Figure 3.10 Electro polishing system in detail 
 

3.6 First step of Anodization 
 

Industries are using the process of anodization for the last 9 decades, to protect the metal 
from corrosion. This is an electro chemical process which changes the surface chemistry 
of the metal. In this process a thick anodic oxide layer is deposited on the metal surface 
which protects it from oxidation. 
 
When Aluminum is anodized in certain acidic medium solution a self-organized, regular 
and porous nano structure can be formed. Acid type, concentration and voltage can 
control the formation of porous nano structure. This porous nano structure is chemically 
stable, electrically insulated, optically transparent or semitransparent and can be a bio 
inert and a bio compatible material. This nano structure can be used as template as this is 
highly ordered and well defined. Pore diameter can be adjusted from 5 nm to 10 nm with 
the anodization temperature and other well developed techniques.  
 
For these process two types of anodization process has been used in two steps: 
 
a. Mild Anodization 
b. Hard Anodization 

 
3.6.1 MILD ANODIZATION 

 
Mild Anodization is a conventional method of anodization. It has been used from many of 
years. This can be done with three types of chemicals as explained below. 
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Table 1: Chemicals used for anodization process 
 

 
 

 
 

Figure 3.11 First step of anodization 
  

3.6.2 Hard Anodization:  
 

Hard Anodization was introduced by Woo Lee, Ran Ji and others in 2006. It is a very fast 
fabrication method. It can be 2500-3500% faster than conventional Mild Anodization 
method. It can be done in 0.3 M oxalic acid. The process of hard anodization can be 
explained as: 
 
Mild Anodization for 5 minute and then increase voltage up to 126 Volt gradually and 
then continue up to 5 min. This is for 1st step of anodization. Temperature during the 
anodization should be kept constant at 0 C. 
 
2nd step directly starts from 120V and depend on membrane thickness it can be from 2 
minute to 15 minute. 
 
Anodization Process: 
 
1) First step of Anodization in 0.1M Phosphoric acid at 190 V for 3 hours. After 1st step 

of anodization a thin alumina layer will be formed at surface. The pattern can be 
observe in fig 3.12.   

 
 

S. No Name of Chemical Molarities Voltage Required 

1. Oxalic Acid 0.3 M 40 Volt 
2. Phosphoric Acid 0.1 M 195 Volt 
3. Sulfuric Acid 0.5 M 20 Volt 
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Figure 3.12 Sample after 1st step of anodization 

 
Alumina layer formed on the surface sample had been etched in 6wt% phosphoric and 2% 
chromic acid. The etching process will carry on for 10 minutes at 70 oC. Etching chemical 
kept on a machine that provides desired temperature and magnetic stirring system. It is 
shown in Fig 3.13 in which sample hanged by wire dipped into required chemical sets.  

 
 

 
 

 
Figure 3.13 Etching of alumina 
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Figure 3.14 Sample after alumina etching 

 
Pattern of sample with etched Alumina can be observed in Fig. 3.14. The etched sample 
will go through the process of 2nd step of anodization with the same solution at 190 volt 
for 24 hours at 0 oC. After second step of anodization sample having membrane is 
depicted in following figure. 

 

 
Figure 3.15 Sample after 2nd step of anodization 

 
 

 
 

Figure 3.16 Difference between mild anodization and hard anodization 
 

3.7 Etching Aluminum 
 

After 2nd step of anodization AAO membrane will be formed on the surface of sample but 
still some part of Aluminum will remain there on bottom as it can be seen in Fig 3.15. To 
have complete membrane from one surface to other surface, we need to etch Aluminum 
from the bottom part. Aluminum etching system and process can be seen in Fig 3.16 with 
desired auxiliaries. Aluminum can be etched in a solution of Cupric Chloride and HCl at 
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room temperature. This solution has been kept in a jar and sample dipped inside the 
solution.  

 

 
 

Figure 3.17 Etching of aluminum 
 
3.8 Final AAO Membrane 

 
And finally we have Anodic Aluminum Oxide (AAO) membrane ready for testing by 
Scanning Electron Microscope (SEM) machine.  
 

 
 

Figure 3.18 Scanning electron microscope 
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Figure 3.19 Internal view of Scanning electron microscope 
 

Results obtained by following all the above procedure and get as a SEM image has been 
shown and analyzed in the next chapter i.e. Chapter 4, Result and Discussion section that 
starts from the next page.  
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CHAPTER 4 

RESULTS AND DISCUSSIONS 
 

Here are the results of AAO membrane taken as SEM images under different condition. 
These results can be categories on the following basics. 

1. Percentage of purity of Aluminum sheet, that can be further categories as 
a.  99+% 
b.  99.99% 
c.  99.999%  

 
     2.  Chemicals used for Anodization 

a. Phosphoric Acid 
b. Oxalic Acid 

 
2. Method of Anodization 

a. Mild Anodization 
b. Hard Anodization 
 

4.1 Mild Anodization with Phosphoric acid at 195 volt (99+ % pure Al sheet) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 4.1 AAO membrane on 99.56% pure Al sheet (One hour mild Anodization) 
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Figure 4.2 AAO membrane on 99.56% pure Al sheet (Two hour mild anodization) 
 
Above figures 4.1 and 4.2, represents the tendency of membrane fabrication on Al sheet. In 
these figures mild anodization has been done for one hour and two hour respectively on 
99+ % pure Al sheet. These SEM images are only for the purpose to show the tendency of 
membrane fabrication. Pore size is ok bur pore depth is very low. As we know that pore 
depth is proportional to time of anodization. So in the 1st figure i.e. Fig 4.1 describes that 
the pore depth is low as compared to 2nd figure i.e., Fig 4.2. Even with the more experiment 
as increasing time of anodization more results can be shown. Cross section of the same 
sample can be shown and that will prove much. 
 

4.2 Mild Anodization with Phosphoric acid at 195 volt (99+ % pure Aluminum 
Sheet) 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 4.3 AAO membrane on 99+ % pure Al sheet-I (24 Hours anodization) 
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Figure 4.4 AAO membrane on 99+ % Al Sheet-II (24 Hours anodization) 
 
The above figure shows AAO membrane fabricated on 99+ % purity of Al sheet under 
mild anodization in phosphoric acid at 195 volt for 24 hours. With the increase of 
anodization time a bigger membrane size can be obtained. These images have been taken 
with different magnification of SEM as it is indicated in the Image itself. The first image is 
taken with 20.00 K X magnifications and 2nd one with 6.00 K X magnification. 
 

4.3 Mild Anodization with Phosphoric acid at 195 volt (99.99 % Al sheet) 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 4.5 AAO membrane on 99.99% pure Al Sheet-I 
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Figure 4.6 AAO membrane on 99.99% pure Al Sheet-II 
 

The above two image has been taken on the 99.99 % purity of Al sheet with the 
magnification of 15.00 K X as shown in the figure itself. As we can see the pore is more 
regular and periodic in these figures as compared to the previous section with 99+ % of 
purity. There is also tendency for a regular Hexagonal shape. 
 

4.4 Mild Anodization with Phosphoric acid at 195 volt (99.999 % Al sheet) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.7 AAO membrane on 99.999% pure Al sheet-I 
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Figure 4.8 AAO membrane on 99.999% pure Al sheet-II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.9 AAO membrane on 99.999% pure Al sheet-III 
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Figure 4.10 AAO membrane on 99.999% pure Al sheet-IV 
 
The above pictures have been taken by SEM for AAO that has been grown on 99.999 % 
purity of Al sheet. As we can easily observe from these pictures that pore size is much 
bigger than the previous images. The reason for this may be the purity of Al sheet as it has 
been taken on 99.999 % pure Al sheet. These images have been taken for anodization is a 
solution of phosphoric acid for more than 30 hours.  
 

4.5 Mild Anodization with Oxalic Acid at 40 volt (99+ % Al sheet) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.11 AAO membrane on 99+ % pure Al sheet 
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Figure 4.12 AAO membrane on 99+ % pure Al sheet with less anodization time 
 

The above two images are of AAO with mild anodization in solution of oxalic acid (0.3 M) 
for 30 hours. These are images for result of anodization on 99+ % purity of Al sheet. These 
images have been taken with magnification of 15.00 K X. It can be clearly observed from 
these images that pore size is smaller than that with the phosphoric acid because we have 
used less anodization voltage. 

4.6 Hard Anodization with Oxalic acid 
 
 

  
 

Figure 4.13 AAO membrane on 99.999% Al sheet with hard anodization 
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Here in the figure 4.13, we can observe the AAO membrane taken as SEM image. For this 
figure we have anodization process as hard anodization. Hard anodization is much faster 
than the process of mild anodization. But we need to do it with great precision and 
accuracy. Small mistake may result in unwanted and unexpected result. Since we are 
dealing with nano level, need to handle with high delicacy. If we compare with above 
image with the image taken in mild anodization, we can clearly observe that result obtained 
by hard anodization is not as clear as that of obtained by mild anodization.   
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CHAPTER 5 

CONCLUSIONS AND RECOMENDATIONS 
 
Finally, conducting all the experiments and testing the results with SEM (Scanning 
Electron Microscope), authors conclude that: 
 

1. Out of three grade of Al sheet (based on purity) used, the best result obtained with 
99.999% Al. Although other quality of Al sheet are also giving good result and can 
be used for other purposes. 

2. Among different chemicals used for the anodization process. A bigger pore size can 
be obtained with Phosphoric acid because of higher voltage used for these 
chemicals. However it’s all depend upon the desire for pore size.  Other chemicals 
like oxalic acid give better results for finer pore size and periodic structured 
membrane.  

3. We conclude that voltage and current used for anodization process has great impact 
on pore size. With the application of higher voltage and current a big pore size can 
be obtained that can be easily visible with even low magnified SEM. But we can’t 
say it as best as it all depend on the use of membrane and required pore size. 

4. Comparison to Mild Anodization, Hard anodization process is 2500-3500% faster. 
It saves lot of time for fabricating the AAO membrane. But, result in the case of 
Mild anodization can be obtained better. 

Methodology followed and results obtained for these experiments can be used for future 
researches, like  

 Making filter for dialysis 
 Making template 
 Making nano dots 

 
Based upon the concept of this thesis, further work can be done for the fabrication and 
testing of ultra-thin membrane under various and different conditions. This little effort of 
us can open the door for a big research in the area of MEMS and NEMS technology. 
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