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1. Introduction

Neutron shielding material is important for storage
and shipping cask of spent nuclear fuel, and the demand
for neutron shielding materials is steadily increasing
because there is not enough space in the temporary
storage anymore [1]. However, Neutron shielding
materials depend entirely on imports. Some research
group of Korea have studied and developed Fe based
neutron shielding materials for localization [2, 3]. After
fabrication of neutron shielding materials, neutron
transmission and macroscopic cross section of prepared
samples were measured to evaluate neutron shielding
ability using neutron imaging.

2. Methods and Results

In this section, samples of neutron shielding material,
neutron imaging experiment, and the relationship of
neutron transmission and macroscopic cross section are
described.

2.1 Fe based neutron shielding materials

The samples of Fe based neutron shielding materials
were fabricated and prepared by ferrous alloy research
group of Korea Institute of Materials Science (KIMS).
Strong thermal neutron absorbers such as Gd, Li, and B
should be included in Fe based neutron shielding
materials to increase neutron shielding ability. The
prepared samples are including 0.2~2.5 wt. % boron,
and the composition of samples are shown in Table 1.

Table I: The composition of prepared samples

Sample Composition (wt %)
(Stainless Steel) C Si Mn Cr Ni B Al Me | Co
Fe1(B1) 0.056 [ 0.25 | 1.35 | 17.7 | 11.9 | 0.19 | 0.024
Fe2(B2) 0.066 | 0.26 | 1.55 | 18.4 | 123 | 0.78 | 0.035
Fe3(B3) 0.073 [ 0.28 | 1.57 | 183 12.4 | 1.76 | 0.039
Fe4(51) 0.056 [ 0.25 | 1.35 | 17.7 | 11.9 | 0.19 | 0.024
Fe5(52) 0.066 | 0.26 | 1.55 | 18.4 | 12.3 | 0.78 | 0.035
Fe6(53) 0.073 [ 0.28 | 1.57 | 183 | 124 | 1.76 | 0.039
Fe7(B304) 0.11 | 0.44 | 156 ( 17.68 | 11.9 | 2.43
Fe8(B316) 0.13 | 0.49 | 1.58 [ 17.73 | 13.85 | 2.37 - 244
Fe9(B4Co) 0.11 | 0.43 | 1.57 [ 17.47 | 11.64 | 2.49 - - 4

Fe4, Feb, and Fe 6 are heat treated samples of Fel,
Fe2, and Fe3.

2.2 Neutron imaging experiment

Neutron imaging experiment is performed to measure
neutron transmission intensity of prepared samples
using Hokkaido University Neutron Source (HUNS).
HUNS is linear accelerator based pulsed neutron source
[4]. The photo of prepared samples for neutron imaging
experiment is shown in Fig. 1. The neutron transmission
image of samples is shown in Fig. 2.

Fig. 1. The photo of prepared samples
for neutron imaging experiment
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Fig. 2. The neutron transmission image of samples
2.3 Neutron transmission spectrum

Neutron transmission ratios of prepared samples are
obtained in accordance with neutron wavelength as
shown in Fig. 3. When pulsed neutron source is used, it
is possible to obtain neutron transmission spectrum
using time of flight detector. It is confirmed that neutron
transmission ratio increases as boron wt. % in sample
decrease. The heat treatment of sample does not affect
neutron shielding ability when sample Fel, Fe2, and
Fe3 are compared with sample Fe4, F5, and Fe6.
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Fig. 3. Neutron transmission ratio of prepared samples in
accordance with neutron wavelength

2.4 Thermal neutron macroscopic cross section

Thermal neutron macroscopic cross section can be
obtained using the following relationship:

L =1 e(—o tsnxd)
o

=] e(—Zt*d)
)

where I, is the thermal neutron transmission intensity,
lo is the incident intensity of the thermal neutron, o tis
the microscopic cross section, n is the atom density of
the neutron shielding material, d is the thickness of the
neutron absorbing material, = t is the macroscopic cross
section, defined as the probability per unit path length
that a neutron will interact as it moves about in a
medium [5]. Results of thermal neutron (2.0A, 20
meV) macroscopic cross section of prepared samples
are shown in Table I1.

Table IlI: thermal neutron (2.0 A, 20 meV) macroscopic
cross section of prepared samples

Sample # Thickness Transm_issiun Macroscopic <r_c:ss section
(cm) ratio L (em™)
Fe9(B4Co) 0.3 0.227 4.95
Fe8(B316) 0.3 0.225 4.99
Fe7(B304) 0.3 0.216 5.1
Fe6(53) 0.3 0.302 4.01
Fe5(52) 0.3 0.511 2.24
Fed(s1) 0.3 0.675 1.31
Fe3(B3) 0.3 0.295 4.08
Fe2(B2) 0.3 0.482 243
Fe1(B1) 0.3 0.678 1.30

Neutron shielding ability of prepared samples is
evaluated quantitatively by obtaining thermal neutron
macroscopic cross section. It is confirmed that the
values of thermal neutron macroscopic cross section of
sample Fe7, Fe8, and Fe9 are about 5 and higher than
other samples.

3. Conclusions

Neutron imaging experiment was performed to obtain
neutron transmission intensity of prepared samples.
Neutron shielding ability of neutron shielding materials
was evaluated by measuring neutron transmission ratio
and thermal neutron macroscopic cross section. It is
confirmed that the higher the boron content, the better
the ability to shield thermal neutrons. Therefore, it is
necessary to increase boron content while maintaining
material properties and stability.
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