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This work presents the results of the nuclear pore membrane production using the neutrons from
the Thai research reactor TRR-1/M1 for pore piercing process on the polycarbonate thin film. With our
experimental design, the fast neutron provides better results in pore piercing comparing with thermal
neutron bombardment. This can be explained by most of the latent tracks produced by thermal neutron
bombardment not penetrating through the thin film. Chemical etching process using NaOH solution with
appropriate time, concentration and temperature is employed to enlarge the latent tracksin the bombar ded
film. Fast neutron bombardment with 5, 10 and 20 minutes bombarding time successfully produces the
nuclear track membrane. Pore size and pore density of the produced membranes examined by SEM are
0.24 —1.01 um and 4.7 — 245 x 10° pore/cmz, respectively. Bubble point tests show the maximum pore dia-
meter of the produced membrane ranged between 1.18 —3.25 um.
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Nuclear track etching technique has trig-
gered polymer scientists to produce a wide range
of porous membranes after Fleischer and co-
workers (Fleischer et.al, 1975) reported a novel
filter for biological materials in 1964. By the
early 1970s the first set of nuclear track mem-
branes made from polycarbonate (PC) was avail-
able commercially. Ten years later, a number of
works have concentrated on ion beam energy for
pore piercing of pore size varing from micro to
nano scale, and on the development of charac-
terization technique for determining membrane
pore size and membrane porosity (Gopalani et al.,
2000; Ferain and Legras, 2001; Hernandez et al.,
1998; Yamazaki et al., 1996; Tretyakoa, 1997).
The membrane is widely used for many purposes
such as sensor, virus detection, high-quality water
production, and laboratory filtration. With these
wide applications, searching for new polymers
and new particle sources for nuclear bombard-
ment is simultaneously enhanced. Some materials
for producing nuclear porous membranes have
been reported by Apel (2001).

On the particle sources, thermal neutrons
produced from the fission reactions in a uranium
compound were used (Yamazaki, et al., 1996) in
pore piercing process. Some other sources were,
for example, high energy (1.0-5.6 MeV/amu) heavy
ions from an ion accelerator (Ferain and Legras,
1997) while Gopalani and coworkers (2000) used
the high energy ions of 120 MeV. Etching time
with NaOH solution was varied according to the
bombarding conditions and materials used. Ul-
traviolet light (UV) was also introduced to the
etching process (Khayrat and Durrani, 1995). In
our previous study (Wanichapichart et al, 2000)
neutrons produced from a small Pu/Be source
were utilized to bombard a boron-coated plastic
sheet. Alpha particles produced from 9B (n,a)
Li reaction penetrated a commercial PC film of
6 pm thick, which was placed in contact with
the boron surface. A bombarding time over 2
hours was needed to achieve a high pore density
when using this small neutron source of a flux of

6.5 x 10* n cm? s'. This means that the process
is too slow for large scale production. To over-
come the time constraint, a more intense neutron
source is required, which is available at the nu-
clear research reactor of the Office of Atomic
Energy for Peace (OAEP) in Bangkok.

Materialsand Methods

A commercially available PC thin film of
6 pm thickness was used in this study. The source
of neutron is a 2 MW TRIGA Mark III thermal
research reactor at the OAEP, which provides
fast neutron flux of about 8.7 x 10'°n cm™ sec’.
NaOH (Merck, Germany), water bath, UV lamp
(09815 series 6 watts, France) were used during
chemical pore enlarging process. A Scanning
Electron Microscope (SEM, JSM — 5800 LV, JEOL)
and Carnoy version 2.0 software (Schols, 2001)
were used to determine the pore size and pore
distribution. Bubble point test technique (Hern-
andez et al., 1998: McGuire €t al., 1995; Le et al.,
1997; Piatkiewicz €t al., 1999) was used to deter-
mine the maximum pore size of the produced
membrane in this study. A set of commercial
membranes (Millipore, Ireland) with average
pore diameter of 0.2 and 0.4 Jm was used as the
reference standard membrane for characterization
in comparison with the produced membrane.

In using thermal neutron bombardment on
an enriched boron-10 neutron converter attached
to the PC film, the bombarding time was varied
from 15 to 35 minutes. For fast neutron bombard-
ment, a PC thin film was put into the core of
the OAEP’s reactor for the bombarding time of 5,
10 and 20 minutes. Before the chemical etching
process, the bombarded films were exposed to
UV light for two hours in order to enhance the
etching process. All films were put into a NaOH
solution with etching conditions of 5 - 300 mi-
nutes etching time, 0.75 - 3.25 N and 75 - 85 °C
concentration and temperature of NaOH, respec-
tively. Maximum pore size was determined by
bubble point test technique and Cantor’s equation
(McGuire et al., 1995; Lee et al., 1997).
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Results and Discussion

Thermal neutron bombar dment

Figure 1 shows the SEM micrographs both
front and rear sides of the original commercial PC
thin film before bombardment with neutron and
etching with NaOH solution. It can be seen that
round or circular-curved tracks are present on
either side of the PC film.

We can see that bombardment of the PC
film with thermal neutrons from the OAEP’s re-
actor has not been satisfactory since there are so
many pores in the front side of the film only, but

(a) front side

very few appearing on the rear side, as shown in
Figure 2. We conclude therefore that thermal
neutron bombardment cannot complete the pore
piercing through the PC thin film.

Fast neutron bombar dment

The produced membrane with fast neutron
bombardment seems to be very satisfactory. The
average pore diameter and pore density of the
produced membrane is proportional to the fast
neutron bombarding time and chemical etching
conditions as shown in Table 1.

Figures 3 - 5 show the SEM micrographs

KT 2 pum

(b) rear side

Figure 1. SEM micrographs of polycarbonate thin film surface with X7,000 before exposed with

neutron bombardment.

(a) front side

(b) rear side

Figure2. SEM micrographs of the PC thin film with thermal neutron bombardment for 20 minutes
and etching with 6.25 N of NaOH at 85°C for 25 minutes.
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Table 1. Mean pore size (@, ) and pore density
of the membrane produced with fast
neutron at different bombarding time.

Bombarding Pore density
time (min) Prccr (W) (x 10°pore/cm?)
5 1.0 1-6
10 0.4 54 - 239
20 0.3 57-337

of the produced membrane for both the front and
rear sides with the fast neutron bombardment

a) front side

time of 5, 10 and 20 minutes, respectively. Similar
micrographs taken with the commercial mem-
brane (Millipore) are shown in Figure 6.

Determination of poresize distribution

In determination of mean pore size and
pore size distribution using SEM image analysis
and the Carnoy computer program, the result are
presented in Figures 7-8 and Table 2. Figure 7
shows the histograms of pore size distribution
both front and rear sides of the membrane pro-
duced by fast neutron at 20 minutes bombarding
time. The mean pore size and pore density deter-

b) rear side

Figure 3. SEM micrographs at X2000 of the produced membrane with 5 minutesfast neutrons

bombarding time.

a) front side

b) rear side

Figure4. SEM micrographs at X5000 of the produced membrane with 10 minutes fast

neutrons bombarding time.
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a) front side

b) rear side

Figure5. SEM micrographsat X 7000 of the produced membrane with 20 minutes fast

neutrons bombarding time.

a) front side

b) rear side

Figure6. SEM micrographsat X5000 of commercial membrane (0.4 mm pore diameter)
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Figure 7. Pore size distribution and pore density of the produced membrane with 20 minutes fast
neutrons bombarding time estimated by Carnoy program.
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Figure 8. Poresizedistribution and pore density of the commercial membrane with the certified
porediameter of 0.4 um estimated by Carnoy program

Table 2. Resultsof theanalysesfor @, , poredensity, standard deviation (SD), and f
Carnoy program and by bubble point test.

by SEM,

max’

Commercial membrane

Produced membrane by fast neutron
bombarding time (min)

Properties @=0.2mm @®=04mm 5 10 20
front rear front rear front rear front rear front rear
@, .., (Mum) by SEM 0.17 022 033 031 1.00 1.01 038 034 024 027
Pore density by SEM
(x10° pore/cm?) 337 370 345 454 467 543 136 140 245 242
SD 0.05 0.13 0.10 0.13 036 040 0.19 0.16 0.12 0.16
@, (Mum) by SEM 0.49 1.10  0.10 1.05 277 254 1.68 1.08 069 0.99
@, (Um) by bubble point 0.76 0.92 3.25 2.53 1.18

mined by Carnoy program are 0.24 — 0.27 pm and
242 x 10% — 2.45 x 108 pores/cm?, respectively
(Table 2). Examination of the commercial track
etched membrane (Millipore, pore size 0.4 pm)
by the same procedures, indicates the mean pore
size and pore density of 0.31 —0.33 um and 3.45 x
107 - 4.54 x 108 pores/cm?, respectively. These
results are comparable with the certified values
(Table 2).

Purewater flux tests

The result of pure water flux tests of the
produced membrane with different operating
pressures up to 500 kPa is presented in Figure 9.
Three different patterns can be classified by this
test. Figure 9a indicates an incomplete penetra-
tion of pore in membrane when the bombarding
time with fast neutron is 5 minute, which is prob-
ably too short. The nuclear energy deposited in
the PC film is not enough to completely penetrate
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Figure9. Threedifferent types of the purewaterflux ver sus pressure graphs of the produced

membrane with the fast neutron bombarding time of (a) 5 min, (b) 10 min and

(c) 20 min, respectively.

the film. An anomalously high flux at pressure
above 200 kPa in Figure 9a indicates the mem-
brane rupture when an applied pressure reaches
200 kPa. Figure 9b shows a good complete pore
piercing produced membrane, which exhibits a
theoretical flux—pressure relationship. This mem-
brane is produced using the fast neutron bom-
barding time of 10 minutes. Figure 9c indicates
another type of incomplete pore piercing mem-
brane. However, after a high pressure is applied
to this type of membrane, the pore penetration is
proper, for example, a pressure of 150 kPa is
needed for the produced membrane in Figure 9c.

Conclusion

With the objective to produce the nuclear
track-etched pore membranes by using neutrons
from the TRR-1/M1 research reactor at the
OAEP, it has been found that high thermal neu-
trons fluxes seem impractical for pore forming
even though the enriched Boron-10 neutron con-
verter and the direct electric field are also em-
ployed. This is probably because most of the
tracks have not pierced through the film. While
the high flux fast neutron from the core of the
OAEP’s nuclear reactor perform quite well in pore
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piercing through the thin film polycarbonate. The
tiny latent tracks in the films were enlarging by
chemical etching process using NaOH. The pro-
duced track-etch membranes with the pore size
diameter in the range of 0.2 — 1.0 um correspond
with the fast neutron bombarding time in the
range of 5 — 20 minutes. The pore density of 107 —
10® pore/cm? is obtained by using the Carnoy
program, while the maximum pore size diameter
of each produced membrane is analyzed by the
bubble point technique. The pure water flux tests
reveal three types of the produced membrane.
First type is an incomplete pore piercing through
membrane, which will rupture when a pressure
applied. Second type is a good and complete
pore piercing membrane, which exhibits a theo-
retical flux-pressure relationship. Third type is an
incomplete pore piercing membrane, which can
be completely pore-piercing using an applied
pressure. Overall, the physical characteristics of
the home-made nuclear pore membranes pro-
duced by fast neutrons of the OAEP’s nuclear
research reactor provide a good product similar
to the commercial membrane.
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