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1. Introduction

Radiation technology is clean and reliable so
that is widely used for nondestructive testing
(NDT).

countries have invested a considerable amount

Recognizing its advantage, many
of efforts in improving the performance and
safety of NDT. However, radiation exposure
accident in NDT is became an obstacle to its
progress. In the domestic NDT field, the
accident has occasionally happened more than
once a year according to the Korea Institute of
Nuclear Safety (KINS) reported. The major
cause of the accidents was that the operators
could not actively perceive the radiation
source being escaped from a safe area while
working. Some accidents are resulted from an
equipment failure or a discharged battery. It is
necessary to prevent the radiation exposure
accidents and reduce radiation exposure dose
with a trouble—free monitoring system.
Therefore, our objective is to develop a
trouble—free monitoring system with the
scintillating material that can indicate the
position of the radiation source. The
scintillating film indicates the position of
radiation source as emitting visual light at the
position of the radiation source. In this work,

we fabricated various scintillating film with

different compositions and thickness, and
estimated their visual performances as a

function of luminance.

2. Material and method

Scintillating materials produce light by
interaction with ionizing radiation. Scintillating
film has basically the same mechanism of the
scintillation detector. We introduced a special
design for the film to focus on monitoring the
position of a radioisotope source and
enhancing its visual performance.

The film was composed of 4 layers: base,
reflective, active, and protective layer. In the
active layer, radiation interacts  with
scintillating material and is transformed into
visual light. Reflective layer increases light
output by reflecting some of light forward.
Protective layer protects the active layer and
film's surface. The base layer supports the
structure of film.

One of

fabrication of the scintillating film is the choice

the most important tasks for
of scintillation materials composed of the
active layer. In our previous research on
between

comparing their  performances

organic and inorganic scintillating film,
inorganic scintillating materials are better than
the view of luminance
performance(1).  Gdz20:5:Tb, Gd20:S:Eu,
Gdy0:S:Pr, Lap0;S:Eu, Laz0:5:Tb, and CsI: Tl

were tested in the study. The film was

the organics in

fabricated by mixing the scintillating powders
and binding materials. A mixing ratio of the
mixtures (scintillator: binding material) was
changed from 1:1 to 5:1 in weight ratio. A
thickness of the film was also changed.

In order to evaluate visual performance of
the film, the
Visibility defines how well a target can be

visibility was introduced.



seen by the naked eye. Many factors influence
visibility. One of the most important factors
affecting visibility is luminance (brightness)
contrast. The higher luminance is, the better
obtained if the
luminance is not changed(2). The brightness

visibility is environment
of the film was estimated with luminance
meter. The samples of the film stuck on the
surface of the guide tube and were irradiated
with an Ir-192 gamma-ray projector. While
the Ir—192 is moving forward and backward,
the emitting light from the samples was
observed and estimated with a camcorder and

a luminance meter.

3. Results and discussion

The most important role of the film is to
indicate the position of the radiation source in
the opaque guide tube. To confirm it by the
naked eye, the emitting light has to have a
detectable brightness and contrast to the
background luminance.

The relative brightness of the film with
various inorganic scintillating materials was
measured and listed in Table 1. As listed in
Table 1, a scintillating film with Gd20,S:Tb
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Figure 1. Light emitted from scintillating

films along with the moving radiation
source Ir—192, 10.5 Ci) in the opaque
guide tube

showed the best among them. An emitting
peak wavelength among Gd;0:S:Tb is 545nm
that is
sensitivity (3). A scintillating material of
Gd20:S:Tb was selected for the scintillating
film in order to indicated the position of the

known to be good for visible

radiation source.

As a binding material, an acrylic and a
(PVC)
used for constructing thin film layers. The film

polyvinyl—chloride dispersant were
samples were fabricated with mixing the
powder of Gd20:S:Th and the binding materials.

Figure 1 shows that the scintillating film
emits visual light when the source moves

forward and backward. The bright area with

Table 1. Comparison of measured luminance performance of the various scintillation

materials ( Ir—192, 20 [Ci])

Scintillation material

Light yield

Relative brightness

(Photons/MeV) (3)

Gd20:S:Tb 1.00
Gd20:S:Eu 0.50
Gd202S:Pr 0.41
Gd20,S:Pr,Ce,F 0.52
Laz02S:Eu 0.12
La20,S:Thb 0.51
CsI:Tl 0.67

60,000

50,0007
35,000°

66,000°

*Measured at 60~80 [keV]
® Measured at 662 [keV]
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diameter of about 25mm was observed and
moved simultaneously along with the moving
source. As the bright area exists locally, the
scintillating film can discriminate the source
position in the opaque guide tube.
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Figure 2. Measurements of brightness of the
scintillating films mixing with
dispersant (Ir—192, 12.0[Cil)

acrylic

Brightness (cd/w']
- -
° o
s ———
.
.

0.2 0.4 0.6 0.8 1.0
Thickness [mg/ca']

Figure 3. Measurements of brightness of the
scintillating films mixing with PVC dispersant
(Ir—-192, 15.7[Ci])

Figures 2 and 3 show an effect of the film
thickness on the brightness of the scintillating
film with the acrylic and PVC dispersant,
respectively. The thicker film resulted in the
higher brightness of the scintillating as shown
in Figure 2 and 3, respectively. However, the
thickness of the

scintillating film were restrained because the

mixing ratio and the

limits of dispersivity of the scintillating

powder and flexibility of the scintillating film.

4. Conclusion

A scintillating film was developed in order to
indicate visually the position of a radioactive
source in an opaque guide tube of NDT
apparatus. The various samples were
fabricated to find out the best composition
between scintillating material and binding
materials. The experimental results showed
that the scintillating film with Gd20:S:Tb had
the best performance on luminance.

The brightness of the scintillating film with
Gd»0.S:Tb was proportional to the thickness
of the film. The position of the radiation
source in the opaque guide tube could be
observed by the naked eye. Therefore, the
scintillating film will be helpful to alleviate
radiation exposure accident by visual
observation of the position of radiation source

from a distance.
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