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Abstract. A thin plate of a plastic scintillator for detecting a beta-ray was developed. The plastic
scintillator was made using epoxy resin and organic scintillators such as 2.5-diphenyloxazole (PPO) and
1,4-bis [S-phenyl-2-oxazole] benzene (POPOP). The mixture ratio of epoxy resin and the organic
scintillators was determined using their absorbance, transmittance, emission spectra, and transparency.
Their optimal weight percentage of PPO and POPOP in the organic scintillators was adjusted to 0.2
wt%:0.01 wt%. The prepared plastic scintillator was used to measure the standard source of Sr-90. The
pulse height spectra and total counts of the prepared plastic scintillator were similar to a commercial plastic
scintillator. Based on the above results, a large-area plastic scintillator was prepared for rapid investigation
of a site contaminated with Sr-90. The prepared large-area plastic scintillator was evaluated for the
characteristics in the laboratory. The evaluation results are expected to be usefully utilized in the
development of a large-area plastic scintillation detector. The large-area plastic scintillation detector
developed on the basis of the evaluation results is expected to be utilized to quickly measure the

contamination of Sr-90 in the grounds used as a nuclear power facility.

1 Introduction

The methods for detecting radiation are ionization,
excitation, scintillation, extinction and a chemical
reaction [1]. Radiation detection using scintillator light
produced in a material is one of the oldest and most
useful techniques for the detection of a variety of
radiation [2, 3]. Scintillation detectors are widely used
for radiation measurements in nuclear and high-energy
physics. In addition, new applications in the medical
field were recently found [4-6]. A detector using plastic
scintillators is well known to have an easy operation
because it consists of a chemically stable material [7].
Several studies have been conducted to include the
features, such as neutron radiation hardness [8] and
sensitivity [9-11], as well as reduced manufacturing
costs [12, 13]. A large-area plastic scintillator of an
affordable price has been required by many researchers
of nuclear and high-energy physics fields [14-17].

In general, a plastic scintillator using a polymer such
as polymethylmethacrylate (PMMA), polyvinyltoluene
(PVT) or polystyrene (PS) is added to an organic
scintillator. As an organic scintillator, the first solute is
p-terphenyl or 2.5-diphenyloxazole (PPO), and the
second solute is 1,4-bis [5-phenyl-2-oxazol] benzene
(POPOP) [18]. A method for preparing a plastic
scintillator is a mixture of a polymer and organic
scintillators used for thermal polymerization. Recently,
the light generated in the scintillator owing to the
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external radiation is able to transmit the long distance by
combining the optical fiber and the plastic scintillator
[19]. However, this method may result in a loss of light
in a combination of the optical fiber and the plastic
scintillator.

In this study, we prepared a plastic scintillator whose
manufacturing process is simple and can be freely
shaped. A thin plate of a plastic scintillator was
manufactured using epoxy resin as a polymer. The
plastic scintillator was made by mixing epoxy resin and
organic scintillators under various conditions. We
investigated the properties such as the absorbance,
transmittance, emission spectra, and transparency of the
prepared plastic scintillator. The optimal mixture ratio to
prepare the plastic scintillator was derived from the
above results. Using the derived results, we made the
large-area plastic scintillator, which can quickly measure
the contamination site and evaluated characteristics of
the large-area plastic scintillator in the laboratory.

2 Method

The polymer materials for the preparation of a plastic
scintillator were mainly PMMA, PVT or PS. However,
PMMA, PVT and PS generate a bad smell in the thermal
polymerization process and require a relatively long
drying time. A polymer was used as an epoxy resin
(WE-300A, Won chemical co. Korea) because no odor
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resulted from thermal polymerization, and the drying
time is short. Organic scintillators were added to the
PPO as the first solute and the POPOP as the second
solute.
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Figure 1. Absorbance (up) and emission (down) spectra of PPO
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Figure 2. Absorbance (up) and emission (down) spectra of POPOP

Absorbance and emission spectra of PPO and
POPOP are shown in Figures 1 and 2 [20, 21]. A
polymer material such as an epoxy resin absorbs the
energy of the incident radiation. The first solute (PPO)
emits scintillation of light in an ultraviolet range
(wavelength of 200 to 400 nm) by receiving the
absorbed energy. However, the wavelength of the
ultraviolet range can be easily absorbed in a polymer and
is not suitable for the scintillation response of a
photomultiplier tube (PMT). The second solute (POPOP)
can reduce the absorbance caused in the medium by
emitting a blue wave (wavelength of 450 to 490 nm) of a
long wavelength through the absorbance of scintillation
caused from the PPO. In addition, it is a wave shifter for
moving the wavelength responsible for the PMT.

The plastic scintillator is made using epoxy resin,
PPO and POPOP. The preparation procedure of the
plastic scintillator is shown Figure 3. The epoxy resin of
a polymer was added in the PPO and POPOP in
accordance with the mixture ratio. The scintillation
solution into the hardener (WE-300B, Won chemical co.
Korea) was mixed by a stirrer for 2 hours at room
temperature. After identifying no air bubbles of a
polymer solution, the thickness of the plastic scintillator
using the polyethylene film to facilitate the removal from
the mould was placed in a scintillator volume of
approximately 2 to 3 mm. The polymer solution is
spread evenly above the polyethylene film. The
temperature of the thermal polymerization was
successively adjusted at 90 degrees for 12 hours, 110
degrees for 5 hours, and 130 degrees for 2 hours [22].
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Figure 3. Preparation procedure of the plastic scintillator

The mixture ratio used to make the plastic scintillator
is shown in Table 1. The plastic scintillator made a 50
mm diameter to evaluate the characteristics according to
the mixture ratio. The substance of the plastic scintillator
regarding the total weight of epoxy resin was 0.1 to 1
wt% and 0.01 to 0.05 wt% for PPO and POPOP,
respectively. The optical properties such as the
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absorbance, transmittance, and emission spectra in the
visible light of the prepared plastic scintillator measured
using a spectrofluorometer. PMT (H5211A-MOD,
Hamamatsu) as a light measuring device was used. The
amplification of the scintillation light using PMT was
achieved.

Table 1. The mixture ratio of organic scintillators by PPO and

POPOP
Sample PPO POPOP | Sample PPO POPOP
No. (Wt%) (Wt%) No. (Wt%) (Wt%)
1 0.1 0.01 7 0.1 0.0025
2 0.2 0.01 8 0.1 0.005
3 0.4 0.01 9 0.1 0.01
4 0.6 0.01 10 0.2 0.01
5 0.8 0.01 11 0.2 0.025
6 1 0.01 12 0.2 0.05
3 Results

The prepared plastic scintillator was observed with the
naked eye. The yellow color phenomenon in the plastic
scintillator increased as the amount of PPO occurred. It
was founded to be present in the plastic scintillator
without melting according to the amount of POPOP. To
the naked eye, we could see the transparency of the
plastic scintillator by adding the least amount of PPO

and POPOP.
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Figure 4. Absorbance spectra according to the amount of PPO
(up) and POPOP (down)

The optical properties such as the absorbance,
transmittance, and emission spectra in the visible light
(wavelength of 380 to 800 nm) of the prepared plastic
scintillator were measured using a spectrofluorometer.
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Figure 5. Transmittance spectra according to the amount of
PPO (up) and POPOP (down)
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Figure 6. Emission spectra according to the amount of PPO
(up) and POPOP (down)

The absorbance, transmittance, and emission spectra
were observed to derive the optimal mixture ratio of the
plastic scintillator. Figures 4, 5, and 6 show the light
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absorbance, transmittance, and emission spectra
according to the amount of PPO and POPOP,
respectively. Even if the amount of PPO increases, the
absorbance and emission spectra did not show a
consistent trend. The transmittance of all plastic
scintillators has confirmed to be excellent in the 70 %
range. However, if the amount of POPOP increases, the
absorbance and emission spectra did show a growing
trend. These results indicate that the amount of PPO is Zr-90
independent, and the greater the amount of increase in Stable
POPOP, the more the quantity of light that is increasing.

However, the plastic scintillator increased as the amount

of PPO was remarkably changed to yellow. In addition, 100
there is a problem without melting to POPOP.

Based on the above measurement result, the best
plastic scintillator is slightly yellowing, and excellent in
absorbance and transmittance, and its amount of
emission of light is the best. The weight percentage of
PPO and POPOP in an organic scintillator was adjusted
to 0.2 wt%:0.01 wt%. l J

The detection efficiency of a plastic scintillator was

. 600 1100 1600 2100
evaluated based on the content prepared to the optimal Channel
mixture ratio. A plastic scintillator was optically 100 5190 ——commercial
connected to the PMT with optical grease and wrapped ~—prepared
with a black tape after placing a white paper as a
reflector [23]. Figure 7 shows the plastic scintillator
measurement setup. The measurement system was
placed in a light shield box before loading in the
darkroom. The distance of the plastic scintillator and
standard source was maintained at 20 mm. 1] _

The standard source is Sr-90 with a radioactivity of 100 600 C;l':“l 1600 2100
0'1, pCi. F,lgu re 8 shows .the decay.sc.heme of Sr/Y-90, Figure 9. Radiation spectra of the plastic scintillator
which emits beta-rays without emitting a gamma-ray.

The contamination of Sr-90 is measured to have a high-
energy beta radiation of 2.3 MeV emitted by beta decay
of Y-90.

Figure 9 shows the spectra of the commercial and
prepared plastic scintillator. As shown in the figure, the
pulse height spectra and total counts of the prepared
plastic scintillator were similar to a commercial plastic
scintillator.
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Figure 8. Decay scheme of Sr-90
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Figure 7. The plastic scintillator measurement setup

Figure 10. The large-area plastic scintillator
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Based on the characteristic results, a large-area
plastic scintillator was prepared. The size of the large-
area plastic scintillator was similar to the window size of
a typical pancake-type af surface contamination counter.
The size of the large-area plastic scintillator is 240 mm
(length) x 170 mm (width) x 3 mm (thickness) (Figure
10). In order to make the large-area plastic scintillator, it
was produced above a metal mould of the same size.
Polyethylene film was used as a releasing agent to ease
the removal of the large-area plastic scintillator from the
metal mould. The large-area plastic scintillator was
pressed by a metal lid to prevent twisting.

We wanted to evaluate the characteristics of the
large-area plastic scintillator. It was difficult to connect
them because of the difference in size between the large-
area plastic scintillator and PMT.

4 Conclusion

A thin plate of a plastic scintillator with a simple
preparation process can be freely shaped using epoxy
resin and organic scintillators such as PPO and POPOP.
PPO emits a scintillation of light in the ultraviolet range,
and POPOP is a wave shifter for moving the wavelength
responsible for the PMT. When preparing the plastic
scintillator, the temperature of the thermal
polymerization rose sequentially. Otherwise, a thermal
polymerization at high temperature (for example 130
degrees for 2 hours) was crushed, or at too low a
temperature (for example, less than 80 degrees) was
weak to be easily broken down. The mixture ratio of
PPO and POPOP was determined using their absorbance,
trasmittance, emission spectra, and transparency. The
optimal weight percentage of PPO and POPOP in an
organic scintillator was determined to be 0.2 wt%:0.01
wt%. The pulse height spectra of a plastic scintillator
were evaluated based on the content prepared to the
optimal mixture ratio, and the prepared plastic
scintillator was similar to a commercial plastic
scintillator.

Based on the above results, the large-area plastic
scintillator of the window size of a typical pancake-type
afy surface contamination counter was prepared. We
want to evaluate the characteristics of the large-area
plastic scintillator. However, there were the difficulties
in evaluating the characteristics of the large-area plastic
scintillator. The cross-sectional area of the large-area
plastic scintillator is significantly different to PMT. The
tool will be necessary to connect the large-area plastic
scintillator and PMT. The tool for connecting them
generally utilizes a light guide. The material of the light
guide is used in a highly transparent acrylic. Acrylic of a
pyramid shape to connect them will be made. Then, a
characteristic evaluation of the large-area plastic
scintillator needs to be carried out. In addition, the light
guide serves to enhance the focusing efficiency of the
light.

It will be utilized for the preparation of large-area
plastic scintillators for a rapid investigation of the
decommissioning site of nuclear power plants
contaminated with Sr-90.
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