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Anodized aluminium oxide may be chemically treated to yield a uniform self-organized
distribution of pores with a specific pore diameter. The thickness of in-house
anodized alumina and its pore size can be modified by changing the electrolyte, the
temperature of the electrolyte, the time of anodization and the potential over the
anodized plates.
In this thesis, a method for anodized aluminium oxide (AAO) was optimized for
creating custom-made porous alumina membranes and coating them with TiO2 and
polyethylene glycol (PEG). The purpose of finding a method to create porous alumina
oxide with specific pore diameters was to eventually use these membranes for use in
contact with human living tissue, allowing wanted nutrients and fluid to pass in and
out.
SEM images showed that a reproducible method has been established for the
membrane production, where the pore diameter is around 300nm and the thickness
of the oxide is approximately 100nm. The SEM images also showed that the pores are
stable and uniform over the entire aluminum plate where they are initially produced.
As a test for biocompatibility, the membranes were implanted into the hipbone of
pigs.
The histology test showed fibrosis around the location where the membranes were
placed. An observation during the extraction was swollenness in the surrounding
tissue, which indicates inflammation around the implant. In this respect, the
membranes cannot be used for the purpose intended.

Handledare: Mats Boman
Ämnesgranskare: Tim Bowden
Examinator: Mats Boman
ISSN: 1650-8297, UPTEC K11 039

Abstract
Anodized aluminium oxide may be chemically treated to yield a uniform self-organized
distribution of pores with a specific pore diameter. The thickness of in-house anodized alumina
and its pore size can be modified by changing the electrolyte, the temperature of the electrolyte,
the time of anodization and the potential over the anodized plates.
In this thesis, a method for anodized aluminium oxide (AAO) was optimized for creating
custom-made porous alumina membranes and coating them with TiO2 and polyethylene glycol
(PEG). The purpose of finding a method to create porous alumina oxide with specific pore
diameters was to eventually use these membranes for use in contact with human living tissue,
allowing wanted nutrients and fluid to pass in and out.
SEM images showed that a reproducible method has been established for the membrane
production, where the pore diameter is ∼ 300nm and the thickness of the oxide is approximately
100µm. The SEM images also showed that the pores are stable and uniform over the entire
aluminum plate where they are initially produced.
As a test for biocompatibility, the membranes were implanted into the hipbone of pigs.
The histology test showed fibrosis around the location where the membranes were placed. An
observation during the extraction was swollenness in the surrounding tissue, which indicates
inflammation around the implant. In this respect, the membranes cannot be used for the purpose
intended.
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1. Introduction
Over the past years the interest in devices based on nanoporous materials has increased radically.
The reason for this is that such devices can be used in many different kinds of applications.
Examples of such applications are solar cells8, templates for making nano structured materials7
and in biomaterials2, 6. Of particular interest in this investigation is the use of porous alumina
oxide membranes since they are known to act as immunoisolation devices2 and can therefore be
used as the backbone for implants in humans.

It is of interest to find a porous material that will interfere as little as possible with the immune
system of the body and it is here nanoporous alumina may be of interest. Another domain of
interest is in biomaterials and to find a material that could replace the function of an organ, i.e., a
material that could mimic the function of that specific organ without interfering with the body’s
own functions or disturbing other mechanisms inside the body.

Diabetes type 1 is a chronic disease affecting an ever-increasing amount of people. For people
that suffer from diabetes type 1 the pancreas is not working properly. The insulin producing cells
called the Beta-cells does not produce insulin at all, which increases the glucose level in blood
and urine. This is fatal if the patient is not treated with insulin injections regularly.
Finding a cure for diabetes type 1 is still under development4, 5 and one idea is to make a capsule
that is mimicking the normal pancreas function. By making alumina oxide membranes that are
coated with different materials and insert stem cells
into these capsules that behave like the Beta cells
we hope to make a device that could be implanted
into the human body and replace the function of a
normal working pancreas. Unfortunately, stem cells
cannot be implanted without the capsule since they
have a high risk to start cancer or be rejected by the
body causing systemic side-effects4.
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Figure 1: Principle of the encapsulated stem cells to
minimize rejection and inflammation

Where in the body this capsule should be implanted is still up for discussion. One idea is to
implant it in the iliac crest of humans, where the part of the capsule containing the stem cells is
in contact with the patient’s bone marrow and the other end of the capsule is placed in the hip
bone for firmness.
In order to make sure that the cells do not diffuse
out from the capsule that could later cause cancer in
the body, the pores of the membrane needs to be
200-300nm in diameter. This prevents other large
cells passage into the capsule and interfering with
the Beta-cells. They are also big enough to prevent
blockage in case some proteins adhere to the

Figure 2. AAO kept for too long time in pore-opening
solution becoming nonowiries.

surfaces or inside the pores. One of the biggest

challenges with making the membrane is to determine the physical parameters of the membrane,
for instance the pore diameter. If it is too big the walls around the pores will collapse and
alumina nanowires will grow on the surface of the membranes, see figure 1.
Another challenge is to get a uniform size distribution of the pores. Especially the pore size has
to be uniform. This is also one of the reasons why commercial membranes cannot be used. The
pores do not have the same diameter which might cause unwanted migration of proteins and cells
in and out of the capsule. In the case of a high variation of pore size, this could lead to an
unwelcomed passages and a non-controlled investigation. See figure 2, commercial membranes

Figure 3. Commercial membranes at different magnifications where one can see that the pores are not uniformly circular.

bought in from Wathman International Ltd, Maidstone, England. Anodisc 13; 0.1µm, 13mm, 100
circles. Cat. No. 6809-7013.
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These are factors that are very difficult to control and therefore an investigation like this one is
much more complicated in practice than it is in theory.

The aim of the thesis is to prepare nano porous aluminum oxide membranes in-house with a
specific pore diameter and then coat them with poly-ethylene glycol (PEG) and TiO2 in order to
deliver them to Karolinska Institute so they can be implanted into the hip bone of pigs. The thesis
is divided in 3 different parts, (1) synthesis of the nanoporous anodized alumina oxide
membranes (AAO), (2) deposition of TiO2 and poly-ethylene glycol (PEG) on the membranes
and (3) the insertion into the hip bone of pigs and a histology evaluation of the inflammatory
reaction.
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2. Theory
2.1 Anodic Alumina
Anodization is a process used to increase thickness of an oxide layer on a metal surface. In air or
in water vapor, formation of Alumina oxide occurs spontaneously according to the following
overall reactions9;
2 Al (s) + 3/2 O2 (g) → α Al2O3 (s)

Δ G° = - 1582 kJ/mol

2 Al (s) + 3 H2O (l) →α Al2O3 (s) + 3H2 (g)

Δ G° = - 871 kJ/mol

As can be seen the reaction is accomplished with a substantial release of energy making the
reaction very favorable. Fortunately, the reaction in air is self-limited by the formation of the
alumina layer.
Electrochemically the anodization process occurs in a similar way, with the difference that the
oxide layer is grown by an electrochemical process and it is not self-limiting in the same way,
i.e., it is possible to grow thicker oxide layers. The anodization takes place at the anode by
applying a potential to the electrodes. Following reactions takes place;
Anode:

2 Al (s) + 3 H2O (l) → Al2O3 (s) + 6 H+ + 6 e-

The hydrogen evolves at the cathode;
Cathode:

6 H+ + 6e- → 3 H2 (g)

This leads to the total reaction
2 Al (s) + 3H2O (l) → Al2O3 (s) + 3 H2 (g)
Nowadays the anodization process is often used in many applications8. By changing the
electrolyte and the potential difference over the anode - cathode one can achieve different pore
sizes and different interpore distances. Each electrolyte (usually an acid such as phosphorus acid)
is characterized by a certain concentration and a certain temperature range to achieve a
controlled oxidation rate. The three most used electrolytes with resulting pore diameters and
interpore distances are presented in Table 1.
5

Table 1: Electrolytes with different potential ranges and working temperatures

Electrolyte

Potential range

Temperature

Pore diameter

Interpore
distance

Sulfuric acid

5 - 40V

Oxalic acid

30 - 120V

Phosphoric acid

80- 200V

24 nm

~60 nm

0 - 18° C

40 nm

~95 nm

0 - 2° C

200 nm

~420 nm

Depending on the electrolyte the potential has to be carefully selected in order to reach a self
ordered pore growth. Depending on the pH-value of the electrolyte the voltage has to be limited.
If aluminum is anodized at a higher potential than 200V in phosphoric acid, oxidation of the
water occurs instead of oxidation of the aluminum plate. This could lead to breakdown of the
created oxide membrane. Phosphoric acid has a low pH-value and high electric conductivity, but
if the concentration of the electrolyte is 1 M, a potential over 200V could damage the
manufactured pores.
Another factor that is important to regulate depending on the electrolyte is the temperature.
Anodization must be performed at a low temperature in order to have a controlled growth of the
oxide and well ordered pores. If the temperature is too high and anodization is performed at high
voltage, local heating can damage the plate and even cause cracks. In order to avoid this
problem, vigorously stirring in the electrolyte during anodization is important10.
Porous Alumina Oxide (Al2O3)
The growth of uniform nanoporous aluminum oxide on aluminum metal plate has been
thoroughly been investigated before 8, 11 and there exists several methods today. The most
promising method for this investigation is probably a method developed by Ulrich Gösele et al 9.
We also know from previous experiments8 that when porous alumina oxide grows on the
alumina metal, the oxidation slows down by a barrier oxide layer that occurs in between the
created oxide and the alumina metal. This barrier layer can be decreased by changing the
potential.
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2.2 Atomic Layer Deposition
ALD is a thin film deposition technique that is based on the sequential use of gas phase
precursors, see Figure 3. By adsorbing a thin monolayer of molecules on the surface of the
substrate as step 1 another monolayer of precursor molecules is adsorbed and reacting with the
first adsorbed monolayer in step 3, see Figure 3 for more information. After purging this
represents one full cycle and can be repeated until the desired thickness of the coating has been
reached. This results in an excellent thickness control of the film10. Another advantage of ALD is
its excellent throwing power enabling even coatings to be deposited on nanoporous substrates
such as nanoporous alumina. The ALD machine that was used in this experiment is from
Picosuns SUNALE R-series.

Substrate

Substrate

Step 1: First precursor pulse

Step 2: Purge pulse

Substrate

Substrate

Step 4: Purge pulse

H2O

TiCl4

Step 3: Second precursor pulse

oxygen

chlorine

titan

hydrogen

Figure 4. The ALD cycle used in this investigation can be divided into 4 steps. During the first
step, the first precursor step is a self-terminating reaction of the first reactant, in this caseTiCl4.
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A purge pulse to remove excess of the reactant occurs during the second step. During the third
step, a second self-terminating precursor pulse (O2) is taking place reacting with the adsorbed
TiCl4. In the fourth and final step is a purge pulse to remove excess of O2.
2.2.1 TiO2
There are 3 different crystal structures of Titania (TiO2); brookite, rutile and anatase. TiO2 is
biocompatible in bone and could therefore be used as a coating material in order to test the
membranes for biocompatibility and to see if the pores will be overgrown.
2.3 Poly (ethylene glycol) PEG (MW = 750)
In this experiment poly (ethylene glycol) methyl ether (mPEG) 202495-250G from Sigma
Aldrich12 was used. Since the chain is non-reactive in one end, there is no chain reaction that can
occur.
One of the problems in cell encapsulation is to find a coating material that suppresses the host
response to the material. Since PEG is known for its biocompatibility and has been tested before
as coating material for capsules into the peritoneal cavity of rats1, 3 it was interesting to see how
it would work in bone as well. To reach a good stability of the polymer to the surface of AAO a
covalent coupling technique13 was used to immobilize the polymer to the surface without, a
technique called “dip and drain.”
2.4 Characterization
Usually electron microscopy gives a higher magnification and better resolution than optical
microscopy. In this study the interest lies in charactering the surface of the aluminum oxide and
to measure the pore diameter. For this purpose Scanning Electron Microscopy gives adequate
information of the morphology of the substrate.
2.4.1 Scanning Electron Microscopy (SEM)
The basic concept of SEM is that the electron beam that contains high energy electrons, also
known as primary electrons are accelerated through an electron gun towards the anode. The
electron beam is focused on the sample when it passes through the objective lens from the anode.
The electron beam interacts with the electrons and nuclei of the atom in the specimen. The
8

emitted electrons, (the ones that are detected) are called secondary electrons and backscattered
electrons.
The secondary electrons are products of interactions of the high energy electrons with valence
electrons of the atom in the specimen. When the primary electrons interact with the sample they
lose energy causing ejection of the electrons from the atoms. The ejected electrons are collected
by a detector. Electrons with energies less than 50eV are termed “secondary electrons” and are
used for morphology investigations.
Backscattered electrons are products of beam electrons colliding with the nuclei of atom and
therefore inelastically scattered. Therefore the backscattered electrons have high energy and
large escape depth. Backscattered electron can also be used to map atomic number variations
since heavier atoms scatter more primary electrons from than lighter atoms do. The method is
called “atomic number contrast”.
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3. Experimental
3.1 Anodization
In this study aluminum plates were bought from
Goodfellow and were polished to a smoothness of
1 Ra or better. The importance of the smoothness
of the plates is crucial for in house fabrication of
AAO. The pre-polished substrates were first
cleaned in 5M NaOH solution then electro

Figure 5. Anodization equipment

polished in an electrolyte consisting of 1:4 by

volume of perchloric acid (65%) and ethanol (99.5%) for three minutes at 1°C. The voltage was
set to 20 V. Electropolishing is important in order to further decrease the surface roughness.
After electropolishing, the aluminium plates got a mirror like surface. In order to reach a good
pore size distribution and ordering of the pores the anodization was performed in two steps. The
first step was anodization in phosphoric acid (1
M). The aluminum plate was mounted on a
holder and inserted into the electrolyte as the
anode and lead was used as the cathode.
Anodization was performed at a constant
potential of 180 V at 1°C and under constant
Figure 6. Aluminum metal plate after the electropolishing

stirring (195 rpm) for one hour and a half. The

reason why the anodization was done at a constant potential was because the concentration of the
electrolyte does not affect the pore size, only the
cell diameter according to other studies8, but
anodization with a floating current and free
potential does affect the pore size. In other
words, by controlling the potential we can
control the pore size growth as well.
Figure 7. AAO sample 46 after the first anodization
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After the first anodization, the oxide layer that has grown on the surface has the pores randomly
oriented. In order to get an ordered hexagonal close packed structure and a uniform pore surface
where the pores are oriented in the same direction, the anodization needs to be performed second
time. Therefore the first oxide layer has to be removed. This was done in chromic acid (1.8 wt%) over night. The chromic acid does not affect the aluminum metal itself, only the oxide layer
is dissolved.
The second anodization was done by the same procedure as the first anodization; a constant
potential of 180 V at 1°C under constant stirring of 195 rpm. The difference between the second
and first anodization step lies in the time. In order to get a thicker layer of aluminum oxide the
second anodization was running for 24 hours. After the second anodization, the plate was placed
into a cup containing 4.25wt-% phosphoric acid solution in order to open the pores.
The o-ring was changed after some initial problems, from nitric rubber to viton rubber that
contains a fluoric elastomeric, and the potential was lowered from 180V to 170V. After these
modifications a reproducible method for AAO was established (see results).
The aluminum plates were cleansed and electro polished as described above, and the first
anodization was done at 170V and free current at 1°C under constant stirring of 195rpm. After
one hour and a half, the etching was done in the same chromic acid as before over night. The
second anodization was tested for 3 different plates to establish the growing rate of the oxide and
reproducibility of the method.

Figure 8 Showing from left to right, the 4 steps of AAO membranes
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The plates were cut by using a razorblade into rectangles of 2 mm wide and 6 mm long
membranes. Pure alumina oxide membranes without any aluminum metal, is achieved by placing
the plates into a cup containing CuCl2/ HCl- solution, where copper is formed by a redox
reaction and the aluminum metal is oxidized away from the oxide surface. Now the Al2O3
membranes are ready to be coated.
3.2 Immobilization of poly (ethylene glycol) PEG on the AAO
Unfortunately the PEG cannot be directly attached to the oxide surface; therefore silanization of
the oxide is needed, which then is activated in order to attach PEG to the surface. The pegulation
could be divided into three different steps. See figure 7. In the first step the membranes were
etched in 3M HNO3 and incubated at room
temperature for one hour. They were rinsed
with ethanol and acetone to get rid of
impurities on the surface and then dried at 75°C
for 10 minutes. In the second step an activation
of the amine group was done by putting the
membranes into a cup containing dry ACN and
TESPA to get a concentration of 100mM.
Subsequently 100µl triethylamine was added to
the solution. The membranes were once again
incubated for one hour at room temperature and
then cleansed with 95, 5% ethanol and acetone
a couple of times before they were dried at
75°C for 10 minutes. The CDI activation (2nd
step in figure 3) was done by adding 80 mg and
5 ml of dry ACN to the cup and in the end
100µl triethylamine. The incubation took place
at room temperature for 1 hour. The
membranes were rinsed with distilled water and
acetone before they were dried at 75°C for 10
Figure 9: Reaction of PEG attaching to the surface

minutes. Now the carbon atom is doubly
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activated which allows it to react easily with PEG (see Fig. 9). In the last step of the pegulation,
poly (ethylene glycol) methyl ether was pored over the membranes just to cover the surface of
the membranes and 100 µl of triethylamine was added right before the incubation. The
incubation took place over night at 75° C. The membranes were later rinsed with 95, 5% ethanol
a couple of times then once with ether and finally with chloroform to wash away the rest of the
polymer that didn’t attach to the surface.
3.3 Atomic Layer Deposition of Titania
When using ALD to coat the membranes, it was important to keep the deposition temperature
low in order to avoid membrane damage. That was the reason why the temperature was kept at a
relatively low temperature, 25-200 degrees C, which will give us an amorphous titanium dioxide,
and probably some features of anatase.
3.4 Insertion into pigs
The operation was made at Karolinska Institute in
Huddinge, Flemingsberg. A team of surgeons inserted
the membranes into the hip bone of a pig.
Each of the plugs contained 2 different kinds of
membranes. Plug nr 1 had AAO coated with PEG and
on the other side AAO coated with titanium dioxide.
Plug nr 2 had AAO coated with PEG on one side and a

Figure 10. After insertion into the hip bone

commercial made alumina oxide membrane on the
other. Two plugs containing PEG which were made by the same procedure were implanted in
two different pigs. The surgery was made by the same team on both pigs and then the pigs were
kept together and treated the same way for 2 weeks.

Figure 11. Right: the plug seen from above, Left:
The gap where the membranes are inserted
before operation
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4. Results & Discussion
4.1 Anodization at 180V
As was mentioned in chapter 3 the
second step of anodization was not
successful in the beginning. One
reason for this was a new type of oring used in the holder made of
nitrile rubber. When this o-ring was
replaced by an o-ring made of viton
(as was used originally) this problem
was eliminated. The reason why

Figure 12. Breakdown of the aluminum plate after anodization at 180V

nitrile rubber did not work properly
may be because of several reasons. Small amounts of chloride ions in the rubber will for instance
break down the oxide layer.
The most difficult part was to grow the oxide membrane over the aluminum metal and doing that
with a constant rate. Due to the fact that the potential needs to be high to get the highest rate of
oxide growth on the metal plate and the current is free to float during anodization, instead of
getting an oxidation of the aluminum surface as wanted, an oxidation of the electrolyte may take
place instead, which destroys the aluminum plate and the experiment needs to be started all over
again from the top. Because of this problem the second anodization step was difficult to control
and many samples were destroyed. The current was set to reach the maximum current that the
power supply allowed, which is 1A. During the second anodization the current started to swing
(0.5A – 0.7A) and after a few seconds breakdown of the aluminum metal occurred. Having the
potential set to 180 V and the current to ~0.5 A gives a power of 90 W. (Comparing to a light
bulb that has 40 Watt, this is a lot of power on a small surface.) In order to reach the required
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pore size and the parallel oriented pores a new method had to be invented. This problem was
eliminated simply by changing the anodization voltage from 180 V to 170 V.
4.2 Anodization at 170V
When the potential was lowered to 170V, the problem described above that broke down the
membranes did not occur. Therefore this new method was established by using a potential of
170V. The oxide grew proportionally with time as can be seen in table II. A reproduction of
batch number 46 with pore diameter ~ 250nm - 300nm was made in order to see if the method
was reproducible. The thickness the new plate, number 48 was ~96 µm which shows that the
method is adequate. See table II below.
Table II: The thicknesses of the oxide of the different samples and the time of the second anodization.

Time of second anodization

Sample number

Thickness of oxide (µm)

44

21.72

6

45

64.61

15

46

94.03

24.5

Table 3: The growing rate of the different samples over time

15

(hours)

After 60 minutes the pores had a diameter of 300nm
±20nm, which is large enough to allow insulin and
glucose to migrate through the membrane but not
cells.

Figure 13. AAO batch number 48
after second anodization

4.3

Figure 14. Left: Cross section of batch number 48. Right: Pore alignment of batch number 48.

SEM

SEM images (Fig. 14) show that even though the plates were cut with a razor blade and exposed
to a mechanical force while being cut in half, the pores are still intact and as seen from the crosssection (Fig. 14) the thickness of the oxide layer is ~98 µm thick. This is thick enough to etch
away the aluminum metal without breaking the oxide layer.
The pores shown in Fig. 15 have approximately the same diameter, and the same geometry. This
structure of the membranes and the pore size of the oxide are large enough to coat the oxide with
titanium dioxide and PEG. Also the pores are large enough to test for blocking of blood passage.
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Figure 15. Top view and at different magnifications over batch number 48 where
the pores are uniform over the entire membrane.

4.4 PEG and TiO2
To establish if the membranes have been fully coated with PEG could not be determined in this
thesis due to the lack of time. What can be done in the future is to use the same process and then
by XPS determine exactly how much PEG actually attached to the surface of Al2O3. After the
ALD with TiO2, there was a color difference of the membranes, but yet again because of time
and adequate control of the amount could not be tested.
4.5 Extraction
After 14 days the plugs that contain the membranes were taken out from the hip bone of the 2
pigs. During these 14 days, both the animals gained 14 kg. After cutting through a massive layer
of tissue, there was obvious that an inflammation had occurred. Swollenness and redness on the
tissue next to the bone was noticed.

Figure 14. Left: the plug still inside the pig’s hip bone. Right: After the drilling, while extracting the plug from the bone

17

In order to do a histology test to see how the bone
around the plug reacted to the membranes a drill
was used to dig a sample of the bone around the
plug.

Figure 15.The part of the hip bone with the plug in the middle
after drilling.
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5. Histology results
5.1 Histology results of PEG

Figure 15; Cross-section from bone marrow (right) to fibrosis (left) with 2,5x magnification

Figure 16; 10x magnification of fibrosis

The fibrosis is obvious and quite large as seen in Fig. 15, but as we increase the magnification
we can see some endothelial cells where the PEG- membrane was laying. This means that we
19

have fluid passage through the membrane. Unfortunately the actual PEG-membrane is not in the
picture because it was destroyed when extracted.

5.2 Histology result of TiO2
In this extraction the membrane
was intact and therefore the TiO2
membrane is shown to the right.

Figure 17; Cross section of extracted piece, with TiO2 membrane on the right and bone marrow on the left, 2,5x magnification

Compared to the results of PEG
with same magnification, see
Fig. 16, this fibrosis that
occurred from TiO2 membrane
is thicker.

Figure 18; 10x magnification of fibrosis
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6. Conclusion
Anodization should be done at 170 V in order to get a uniform distribution of pores. By
increasing the potential only 10 V, to 180 V we get a breakdown of the aluminum plate as seen
in the pictures above, so to use a method that is reproducible, 170 V is therefore to recommend.
It is of great importance that the o-ring is made of viton-rubber, because nitric rubber breaks
down in acid solutions and allows electrolyte passage inside the holder and breaks down the
plate.

We can see in the pictures that both membranes gave fibrosis around the implant. Even though
TiO2 has a thicker fibrosis then PEG, the thickness is too big in both cases to allow passage of
nutrients during a long time. If the membranes had been intact and left inside the bone for a
longer time of period, the pores would have been blocked. This would have prevent insulin and
other wanted nutrients to enter the capsule, which would have resulted in cell-death.
On the other hand, we cannot be sure that a little fibrosis around the capsule is a bad thing. A
minor fibrotic capsule is beneficial when fluid passage is wanted. In our case we cannot be sure
that the fibrosis has any blood vessels and that is why we cannot say if the fibrotic encapsulation
is favorable. The main condition for fibrosis to be beneficial is the blood vessels inside, which
allows wanted nutrients and fluid passage to the membrane. This needs to be fully investigated
and more tests needs to be done to establish the exact thickness of the fibrotic encapsulation that
is not harmful for the membranes and the cells inside.

6.1 Future
An optimization of the anodization process is worth considering. The nano-structure of the pores
can differ a lot depending on how high the potential is. Also, it is worth testing how different
electrolytes can construct the nanostructure of AAO membranes and what this means from a
compatibility test point of view.
As for the deposition of PEG and TiO2, XRP can be used to determine if and how much polymer
and TiO2 has been deposited on the surface. A to thick layer of TiO2 and PEG could also block
the pores.
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