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Abstract—This paper presents the development of low cost
Nano membrane fabrication system. The system is specially designed
for anodic aluminum oxide membrane. This system is capable to
perform the processes such as anodization and electro-polishing. The
designed machine was successfully tested for ‘mild anodization’
(MA) for 48 hours and ‘hard anodization’ (HA) for 3 hours at
constant 0oC. The system is digitally controlled and guided for
temperature maintenance during anodization and electro-polishing.
The total cost of the developed machine is 20 times less than the
multi-cooling systems available in the market which are generally
used for this purpose.
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I. INTRODUCTION

N

ANO-POROUS

membranes are growing interest in the field
of science and technology. Various nano-porous
membranes has been introduced, which can be classified as
inorganic, organic, and composite. The nano-membranes can
further classified according to its material such as
polycarbonate (PC), polyethylene terephthalate (PET),
polysulfone(PS), polyether sulfone (PES), nafion, alumina,
titania, zirconia, and silica [1]. Synthetic nano-mambranes are
fabricated using different fabrication techniques including ion
track etching, lithography, phase separation, micromachining,
powder sintering, sol-gel, and anodization [1], [2], [3]. Anodic
aluminum oxide (AAO) membrane is one of the popular
membrane which is fabricated using anodization process [2],
[3], [4], [5]. The anodic aluminum oxide (AAO) membrane is
popular for its regular and controllable pores for many
applications including sensors, hemodialysis, protein
separation, photovoltics, high density memories, and synthesis
of functional nanostructures [2], [3], [4], [5], [6], [7]. Since
the discovery of AAO membrane [8], various researchers have
been focusing its fabrication under different constraints to
characterize main parameter including pore size, pore depth,
inter-pore distance, and thickness of membrane [9], [10], [11],
[12], [13], [14], [15], [16]. Mostly, the fabrication of AAO is
done with constant temperature at 0
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to 1oC because AAO gives better results at this low
temperature [8], [9], [12], [15], [16], [17]. The major
requirement for fabrication of AAO membrane is to maintain
the low and constant temperature because the mild
anodization (MA) is for long time process and large amount of
heat is generated in hard anodization (HA) process [16].
In this paper the authors present the new design and
development of low cost machine for nano-membrane
fabrication. The developed machine has an automatic
temperature control system. This machine is tested
successfully for MA and HA processes and the temperature
remained constant during anodization process. This machine
can also be used to perform electro-polishing.
The magnetic stirrer used in the developed machine
maintains the chemical concentration and temperature
variation in the chemical bath. The chemical bath is made of
glass. This bath is suitable for large variety of chemicals and
can be easily removed or changed with another bath. The
gasses formed in the cooling bath can be removed by the fume
extracting facility. Due to this reason all the processes can be
observed from the top with out any toxic effect.
Development of this machine is part of the project in which
AAO membrane will be used for wearable hemodialysis
device.
II. DESIGN AND DEVELOPMENT
The block diagram of developed machine is given in Fig. 1.
It consist of six main components such as cooling chamber,
magnetic stirrer, digital temperature controller, electrode
system, gas remover, and variable DC power supply.
Electrode system

Variable DC
power supply

Gas Remover

Cooling
chamber

Digital
temperature
controller

Magnetic stirrer
Fig. 1 Block diagram of low cost nano-membrane fabrication
and electro-polishing machine.
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A. Cooling Chamber
The cooling chamber consists of a cylindrical shape copper
coil. A copper pipe with external diameter of 6.5 mm and
length of 5 m is used to make the cylindrical coil. The coil is
wounded on a stainless steel jar having 15.3 cm diameter and
18 cm height. The copper coil is insulated from outside using
insulating jacket. The insulating jacket is finally covered by an
aluminum sheet. The aluminum sheet is used as heat reflector.
The copper coil acts as evaporator and is connected with
compressor and condensing coil. The refrigerant used in
developed system is R-134a. The cooling chamber was
installed in a small size Hitachi refrigerator by replacing its
compressor, condenser and evaporator because that was not
producing the desired cooling. The condenser was mounted
outside the refrigerator body. The new compressor used in
system is 200W. A glass jar with external diameter of 15 cm
and height of 26 cm is fitted in the stainless steel jar. The glass
jar is easily removable from the top of refrigerator as shown in
Fig. 2.

Fig. 2 (a) Cooling chamber with closed head (b) Cooling
chamber with opened head for removing glass jar
B. Magnetic Stirrer
A magnetic stirrer was fitted at the bottom of stainless steel
jar. The magnet used in magnetic stirrer is of an old CD room
and the gear system used to move the magnet. The gear
system is attached with 6V DC analog motor which is
operated with variable DC power supply for different speeds.
C. Electrode System and Gas Remover
The head of cooling bath consists of transparent glass and
insulating walls. A small size air blower was installed in the
head to remove the gas formed during anodization or
electro polishing process. Two copper electrodes which can
be adjusted in horizontal and vertical direction are used as
anode and cathode. A led sheet was attached at the top of
cathode. The top of anode was made as a clip, that is used
to hold aluminum sheet for membrane fabrication as shown
in Fig. 3.
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D.
Digital Temperature Controller
The compressor is controlled by a digital circuit which
monitors the temperature and switch on or off compressor.
The digital system was taken from Sacco, microcontroller
Model: S-616D, which is normally used in deep freezers. The
digital circuit also controls the blower and a bulb on the top of
cooling chamber. The digital system is used to control the
operating temperature and change in temperature.

Fig. 3 Head of cooling chamber (a) External side (b) Internal
side
E. Variable DC Power Supply
The developed system is attached with a variable power
supply which was purchased from SwInstek. The power
supply has two 60V variable voltage sources which can be
operated in series to get 120V maximum or in parallel to get
60V maximum or independently variable voltages. The
voltage sources are operated in series for HA, independently
for MA and in parallel for electro-polishing. It also provides
5V for gas remover. The magnetic stirrer was attached with
one of the variable voltage sources for MA and with constant
5V voltage source for HA. The power supply can support
maximum of 3A current. An internal voltmeter and ammeter
are available in power supply to monitor voltage and current.
The complete setup of developed system is shown in Fig. 4.
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III. RESULTS AND DISCUSSION
The developed system has been tested for the MA, HA, and
electro polishing. For the MA, system was operated
continuously for 48 hours. It was operated 3 hours
continuously for HA. The sample size was 2 cm2 and
maximum current density recorded was 250 mA/cm2. In both
anodization processes temperature was maintained at 0oC with
the variation of ± 1oC. The chemical bath was filled with 3000
ml of 0.3 M oxalic acid. The anodization potential was applied
after getting 0oC. During MA the magnetic stirrer’s motor was
burnt after 46 hours. Then the gear system was replaced by
servomotor and operated for 48 hours successfully. For
electro-polishing the current density was maintained at 300
mA/cm2 for 3 minutes. The sample size was 2 cm2. The
temperature during electro-polishing was maintained at 0oC.
During each process the air blower at the head was
continuously removing the gasses formed inside the cooling
bath.
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IV. CONCLUSION
In this paper a new design of nano-membrane fabrication
and electro-polishing machine is presented. This system can
be made in any small lab with very low cost. The machine
utilizes common and low cost components. Most of these
components are available at any refrigerator repairing shop.
The developed machine is user friendly even that it can be
used at school and college level to fabricate AAO nanomembrane. The chemical bath (glass jar) used in the machine
is easily removable, so the used chemical can be restored. The
electrode system is easily adjustable in X and Y direction. The
iodization or polishing process can be done even with less
amount of chemical. The system is automatic and does not
need user to take care for the anodization process for long
time. The present work provides the useful information to
develop the low cost biomedical system.
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