
JAHRI C o n ! l ) ' ) - ( ) l
JP0050091

3 . 7 TEACHING MATERIAL FOR RADIATION EDUCATION USING
RADIOGRAPHY TECHNIQUE.

Masahiro Kamata. Sachiko Katagiri, *Shigenori Fujine, *Kenji Yoneda
Faculty of Education, Tokyo Gakugei University, Kogancishi. Tokyo 184-8501, JAPAN
* Research Reactor Institute, Kyoto University, Sennangun, Osaka 590-0494, JAPAN

Abstract
In order to develop a teaching material that helps learners to understand the interaction

between substances and radiation, a periodic table was prepared on which pure pieces of
nearly thirty element were fixed and radiographic images of the periodic table were taken
using X ray and neutron beam under several conditions. Obtained images are so clear that
they can be expected to be very helpful in intuitive understanding on the magnitude of the
interaction.

1.Introduction
Figure I1' illustrates that X-ray can be shielded effectively in case the shielding

material is composed of heavier elements and that the interaction of X-ray toward
substance is completely different from that of thermal neutron. However, it is not easy for
learners to grasp the magnitude of these interactions intuitively even if they can read the
data in Fig.l correctly. This is not only because radiation itself is insensible and invisible,
but also because we have almost no opportunity to be conscious of the intensity of radiation
in our daily lives. Radiation is something too far away from our daily lives and most of us
do not have rigid concept on it.

Despite this situation, a radiographic image for medical use is something exceptionally
familiar to us. Besides, it includes quantitative information on X ray transmittancc across
substance, or the magnitude of interaction between X-ray and substance. This means that
most people, who are well acquainted with normal optical photographs, can read (or image)
the intensity of radiation
from optical density of
the radiographic images.

From such a
viewpoint we made a
periodic table on which ;§
pure pieces of many g 1

elements were fixed c
o

and took its radio- '•§
graphic images under J
several conditions.
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2.Experimental
2.1 Preparation of a periodic table

The number ol" samples used in this work is about 30 and they are schematically
illustrated in Fig.2. The length and the width of each sample is equal to or smaller than
10mm and 8mm, respectively and its thickness, which accords with the direction of
radiation, is 0,014mol/cm2 (corresponding to 1mm in case of iron). In case of X-ray
radiography, these samples were fixed on a plastic sheet with a thickness of 0.7mm, and in
case of neutron and gamma ray radiography, they were fixed on an aluminum sheet with a
thickness of 1mm.
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Fig.2 Periodic Table (Prepared elements are hatched)

2.2 X-ray and Gamma radiography
X ray was irradiated to the periodic table as shown in Fig. 3 and the irradiation was

repeated varying X ray energy from 50kV to 150kV in order to clarify how transmittance of
X ray across a substance depends on its energy. The intensity of X ray that passed through
the sample was recorded on an imaging plate and was read out with an IP reader
BAS5000(FUJI).

For gamma radiography (GR), the neutron radiography facility of Kyoto University
Research Reactor Institute (KURRI) was used. As shown in Fig.4, the facility has two
beam shutter; one is made of lead to shield Gamma ray and the other one is made of boron
carbide to shield neutron. GR of the periodic table was taken with the former one opened
for 5 min.

Imaging pSate
Periodic table „ /

X-Ray
Film
cassette

Fig.3 Arrangement for X-ray radiography
Fig.4 NR facility (KURRI)
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2.3 Neutron radiography
Neutron radiography facility and CNS facility (Fig.5) of KURRI were used to take

thermal neutron radiography (TNR) and cold neutron radiography (CNR), respectively.
Yayoi Facility of Tokyo University (Fig. 6) was also used to take fast neutron radiography
(FNR). Although the principle and arrangement for neutron radiography is similar to those
for X-ray radiography (XR), imaging plates for neutron (Fuji) were used for TNR and CNR
while Kodak SR (X ray film for industrial use) was used with the converter P20 for FNR.
Irradiation time was 3 and 20 minutes for TNR and FNR, respectively. In case of CNR, the
beam size is 10mm in width and 100mm in height. Since width of the beam is narrow, the
periodic table was traversed in sideward with an imaging plate during 8 minute irradiation
at the rate of 300mm/8min.

Reactor b u i l d i n g

Fig.5 CNS facility (KURRI) Fig.6 Yayoi facility (Tokyo Univ.)

2.4 Neutron activated autoradiography
When the periodic table is irradiated with neutron for relatively long period, some of

the samples are activated. This work was designed to visualize which elements are easily
activated and decay in relatively short time.

After the periodic table was irradiated for 9.5 hours in the neutron radiography facility
of KURRI, it was enclosed in a film cassette with an imaging plate so that the surface of the
periodic table was kept in good contact with that of the imaging plate for tritium use as long
as 1.5 hours. Seven and half hours after irradiation, this procedure was repeated to obtain
the image that illustrates how activated elements would decay.
3. Results and Discussion
3.1 Results of XR and GR

XR images of the periodic table were presented in Fig.7. Since the image of each
sample is getting white according to the increase of atomic number, it can be easily
understood that the ability to shield X ray increases according to the increase of atomic
number of the substance, which reflects the fact that electrons in an atom play an important
role in the interaction between X-ray and substances.
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In case of Fig. 7(a), all samples in 3rd period are black and invisible. This means that
they are too transparent to 150kV X ray. In case of Fig.7(c) elements in 3rd period are
visible and those belonging to 5th and 6th period are all white. Thus, the energy
dependence, as well as atomic number dependence, of X-ray transmittance has been
visualized in these three photos.

As for GR in Fig. 8, it can be seen that gamma ray can penetrate through heavy
substances such as Pb or Bi that can shield 150kV X ray almost completely.

(a)
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Rg.7 X r̂ay radiographic images (a)150kV (b)100kV (c)50kv

Fig,8 Gamma radiographic image

3.2 Results of TNR, CNR andFNR
The obtained images of TNR, CNR, FNR are presented in Fig. 9. Since neutrons do not

interact with electrons around a nucleus but nucleus itself, the obtained images are
completely different from XR images. Take B and Pb in Fig, 9(a) for instance, B is opaque
and Pb is transparent to neutron, which is exactly the opposite result of what was seen in
Fig.7.
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a)

Fig.9 Neutron radiographic images

(a)TNR (b) FNR (c)CNR
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In case of thermal neutron, neutron transmittance lo/I for each element can be
approximately evaluated by the following equation;

Io/I=exp(-Ncrx) (1),

where, N, <r and x denote number of atoms in unit volume [cm"3], total cross section to

neutron [barn] and thickness of the sample [cm], respectively. In Fig. 10 the calculated
values were plotted against the measured ones that were derived from digitalized data of the
NR image, which was obtained using Rikkyo University Reactor instead of KUR. Although
they are in coincidence to certain degree, the deviation is not negligibly small. It is
considered that the imaging plate used in this work has some sensitivity also to the Gamma
ray as well as neutrons.

Generally, as energy of neutron becomes larger, peculiarity among species become
less conspicuous because elastic interaction become more prominent. Thus the image of
FNR(cf. Fig. 9(c) ) is similar to that of GR while the image of CNR (cf. Fig.9(b)) is more
contrasted in comparison with the image of TNR.
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Fig.10 Neutron transmiltance of various elements

3.3 Neutron activated autoradiography
As shown in Fig. 11, the elements such as Fe, Co, Cu, Zn, Pd, Ag, Sb, Te, W, Pt ,Au are

easily activated by neutron irradiation and Cu, Pd, At, W, Au are still radioactive even after
7.5 hours. These images illustrate how the activity of the irradiated element is determined
by the half-life and the cross section for activation. Take Cu and Ag for instance, activation
cross section of Ag is nearly ten times larger than Cu, but the image of Cu is much denser
than that of Ag. This means, since half life of activated Ag is 2.41min and that of Cu is
12.8h, the activity of Ag was saturated during the irradiation.
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Fig11 Neutron activated radiographic images,
(a) Immediately after irradiation (b) 7.5hours after irradiation

4. Conclusion
A couple of photographic teaching materials have been developed which help learners

1. To understand how X-ray transmittance through a substance depends on atomic number
of the substance as well as X-ray energy,

2. To understand that the interaction of neutron toward substances are completely different
from those of X ray.

3. To understand which species are easy to be activated and how soon they decay.
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