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Introduction 

Recently, extensive studies demonstrated the prepara-
tion of ion-track membranes produced from different 
polymers like polyethylene terephthalate (PET), poly-
carbonate (PC), cellulose nitrate and allyl-diglicol-
-carbonate [3, 6]. The nuclear track micro/nanofilter 
is a kind of novel material used successfully in various 
fields such as precise separation of biological cells, 
filtering of polluted air streams, microelectronics, 
pharmaceutical industry, biotechnology, waste water 
recycling and even fuel cells [1, 5, 7–11]. The pore size, 
shape and density can be varied in a controllable man-
ner depending on the irradiation process parameters 
and chemical etching process so that a track-etched 
membrane with the required transport and retention 
characteristics can be produced. Parameters of etching 
process like temperature, pH and etching time, which 
should be experimentally defined, are the effective 
factors in production of pores [4]. Ionizing particles 
travel through polymers, displace electrons and pro-
duce localized chemical changes along the path where 
the particle travels. When the trajectory of a particle is 
defined by permanent physical or chemical damages, the 
disrupted regions surrounding the particle path can be 
chemically etched at rates faster than the surrounding 
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and a scanning electron microscope (SEM) and the obtained results indicated that the pores across the PC films are 
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undamaged material to produce microscopically visible 
tracks [2]. This is due to the fact that the track etching 
rate, Vt, is higher than the bulk etching rate, Vb, in the 
irradiated polymers. 

In the present study, nuclear track micro/nanofilters 
are fabricated by exposing PC films to alpha particles 
emitted from 241Am and subsequently followed by 
chemical etching with an alkaline solution. 

Materials and methods 

Materials 

Polycarbonate film manufactured by General Electric 
(GE) with trade name of Lexan, with a thickness of 
2 mm and a density of 1.2 g/cm3 were used in this experi-
ment. NaOH with 99% purity was used as the etching 

reagent and tetrahydrofuran (THF) was used as the 
polycarbonate solvent, both are provided by Merck 
Chemical Company, Germany. 

Methods 

Film thickness calculation 

To calculate the energy loss of the alpha particles pass-
ing through the air contained in a collimator (Fig. 1), 
the SRIM code was used. The alpha particle energies 
emitted from 241Am are denoted in Table 1. The stop-
ping power for the most probable energy, 5.48556 MeV, 
calculated in air media was 0.16299 MeV/mm. There-
fore, the amount of energy loss through 5 mm of air is 
0.81495 MeV, and the remaining energy of alpha particles 
that reaches the PC film samples is 4.67061 MeV. Then, 
the SRIM code was used again for PC media, and the 
alpha particle maximum range obtained was 28.44 μm. 
Figure 2 shows the alpha particle trajectory through 
the PC film calculated by SRIM computer code. The 
result shows that the alpha particles with 4.67061 MeV 
of energy can pass through a 20 μm thick PC film. 

Film casting and curing 

A thick PC film was cut to small pieces to obtain mass 
values according to Eq. (1) presented below: 

(1) m [g] = ρ [g/cm3] × A [cm2] × t [cm] 

where m is the PC required mass (47.1 mg), ρ is the film 
density (1.2 g/cm3), A is the teflon mold area (19.625 cm2), 
and t is the final film thickness (20 μm). The prepared 
mass of PC was dissolved in THF solvent and a layer 
of the solution was spread over the teflon mold and 
baked in a vacuum oven under 300 Torr pressure at an 
ambient temperature of 25°C for 3 h. The prepared film 
thicknesses were 19.6±1.5 μm. 

Film irradiation 

A cylinder shape brassy collimator with 5 mm and 
20 mm inside and outside diameters respectively, hav-

Fig. 1. Scheme of the brassy collimator, alpha particle source 
and PC film position.

Table 1. Alpha particle energies emitted from 241Am 

Eα 
(keV) 

Branching ratio 
(%)

Half-life 
(years)

5544.50   0.36
5485.56 85.10 456.6
5442.80 13.30

Fig. 2. SRIM calculation results of 4.6 MeV alpha particle trajectories in PC for film thickness of (a) 20 μm and (b) 40 μm. 
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ing a height of 5 mm was used to collimate the alpha 
particles emitted from an 241Am source with an activity 
of 1 μCi (37 kBq) (Fig. 1). PC films were cut to pieces 
to cover the collimator internal diameter. Then, the 
films were placed perpendicularly to the alpha particle 
directions. Therefore, the latent tracks (not slanted) 
were created in the film. Therefore, according to the 
collimator geometry, the source activity and irradiation 
time (1 min), the projectile density of alpha particles 
on the film was obtained to be ∼105 cm–2. 

Chemical etching procedure 

The irradiated samples were etched in NaOH with nor-
mality of 2–7 N, an etching time of 1–120 min and an 
etching temperature of 30–80°C. During track etching, 
the damaged zone transforms into a detectable track 
[2]. The formed alkaline sediment on the film surface 
during the etching procedure was cleaned in distilled 
water using an ultrasonic system of FRITSCH Labo-
rette 17 model and dried in an oven with an ambient 
temperature of 30°C for 10 min. 

Imaging apparatus 

The film samples were examined via an optical micro-
scope (OM) OLYMPUS PMG3, made in Japan, and 
a scanning electron microscope (SEM), XL-30 model, 
made by Phillips Company, Holland. 

Results and discussion 

Figures 3 and 4 show the pores images created by 
alpha particles, which were taken by the OM and the 
SEM systems. The pores sizes were measured by the 
mentioned apparatus and the average value for each 
film was calculated. 

The microscopic photographs of the track-etched 
membrane sample fractures are given in Fig. 5, as well. 
The picture shows the homogeneity of inside diameter 
of pores in the PC film. Variations of pore diameters 
against the etching time for normalities of the etch-
ing solutions at a constant temperature of 50°C were 
measured and the results are shown in Fig. 6a. It can 
be clearly seen that by increasing the etching time, the 
pore diameter increases, whereas further increasing of 
the etching time causes a decrease in the pore size and 
finally followed by an almost invariable value. In fact, 
there are two phenomena of etching and annealing (due 
to passage of time) at a fix temperature, which behave 
in reverse manners. At low etching times the etching 
process is dominant, while at higher etching times the 
annealing process is dominant. The pore size increases 
due to etching, while the annealing process decreases 
the pore size [2]. Therefore, one could expect to obtain 
a maximum value over the time. Figure 6b shows the 
precise behavior of low diameter pores with different 
scales. It is possible to prepare the PC track-etched 
membrane with lower pore sizes, however, the small 
pore observation requires HRSEM. 

Fig. 3. OM images of the PC films surface etched in 4 N solution at 50°C during (a) 30 min; (b) 1 h. 

Fig. 4. SEM images of PC films surface etched in 10 min at 40°C with etching concentration 6 N (a and b). 
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The variation of a pore diameter against the solu-
tion concentration at 50°C was also investigated and the 
results are demonstrated in Fig. 7. The maximum pore 
size was obtained utilizing 4 N etching solution. Figure 8 
shows the variation of the pore size vs. etching process 
temperature for different etching times of 15, 30, 45, 
and 60 min in a 5 N solvent concentration. The curve 
associated with an etching time of 30 min, is comprised 
of higher pore size curves associated with other etch-
ing times and are in agreement with those obtained in 
Fig. 6. The results also show that the pore sizes do not 
vary considerably due to increasing temperature and 
they seem to decrease at 80°C. This could be due to 
an increase in polymer chain mobility that is caused by 
rising temperature. However, in the author’s view, the 
variations are not very considerable due to the range 
of uncertainty level, which here is estimated as 30%. In 
other words, in the applied temperature range it was 

Fig. 7. Variation of pore diameters as a function of etching 
solution concentrations at 50°C. 

Fig. 5. SEM images of PC track-etched membrane sample fractures of the PC films etched in 1 min at 50°C with etching 
concentration of 7 N (a and b). 

Fig. 6a. Variation of pore diameters against the etching time 
for normalities of the etching solutions at 50°C. 

Fig. 6b. Variation of pore diameters against the etching time 
for normalities of the etching solutions at 50°C (different 
scales). 
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not expected to see the pore size variation due to the 
limitation of the sample thickness in our experiments, 
where, temperature raising would decrease the pore size 
due to the mentioned annealing process effect [4]. 

Conclusion 

Increasing the etching time up to a definite value causes 
the pore diameters to increase. For the most cases, the 
pore diameters will decrease by further increasing the 
etching time, as well. At longer etching time, the pore 
diameters tend to be approximately invariable over 
time. 

It also seems that after 1 h of etching time at the 
same temperature, the two processes of etching and 
annealing reach an equilibrium status. Therefore, to 
create a maximum pore diameter in the PC film, the 
normality of the etching solution could be chosen as 
4 N at the etching time of 30 min. The pore size does not 
vary considerably due to increasing the temperature up 
to about 80°C. Uncertainty of about 30% was obtained 

via the standard deviation calculation of the pore size 
measurement. It can also be concluded that controlling 
the pore diameters will be possible by changing the 
etching parameters like time, temperature and etchant 
solution concentration. 
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