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Study on the Application of Soft Magnetic Material for Effective
Neutron Shielding

Yeongchan Kim' and Changwoo Kang'*
'CBRN Defense Research Institute, Seoul 06796, Republic of Korea

This study analyzes the neutron shielding performance of Soft Magnetic Material and
proposes a military application. In general, the military protection facility has been constructed with
thick concrete, so Soft Magnetic Material, consisting of boron, was used with concrete in this study. To
do so, Monte-Carlo N-Particle (MCNP) was applied to simulate the Watt-fission neutron spectrum of
2% and #*Pu. As a result, a configuration of polyethylene and Soft Magnetic Material is evaluated about
four times better than borated polyethylene concerning the atomic weight of boron inside each shielding
material. Also, when a nuclear weapon explosion is simulated in MCNP, 1 mm of Soft Magnetic Material
with 20 cm of concrete shows about 55% more additional neutron shielding performance compared to
when Soft Magnetic Material is not used. In this work, the neutron shielding performance of Soft Magnetic
Material could be identified and Soft Magnetic Material would be useful for neutron shielding if applicable
to concrete structure.
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Fig. 1. Neutron shielding experiment configuration conducted in
Korea Atomic Energy Research Institute.
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Table 1. Constants for Watt-fission spectrum.”)

Source Energy (MeV) a(MeV) b(Mev?) Fission type
220f _ 118 1.03419 Spont;?neous
fission
sy 1 0.988 2.249
14 1.028 2.084 Neutron induced
o 1 0.966 2.842 fission
Pu
14 1.055 2.383

The watt fission spectrum constants ‘a’ and ‘b’ are empirical constants determined through the fitting of experimental data and are specific to a given nuclear
fission system. Further details and additional parameters can be found in Appendix D of the MCNP User’s Manual.
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Fig. 2. Neutron shielding performance plot of KAERI experi-
ment compared with MCNP modeling.
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Fig. 3. MCNP geometry in order to figure out neutron shielding performance of Soft Magnetic Material.

F=1L QAT PE 10 cm@} 20 em FAIOIA = A2 AR 4
= gRRIstinh AlEeo]d o] Aol TedtE lal
AR YR Z32E 9 B47| 5 BAFHA] ¢hgkt

Qlaf shekEAd2te] A2 aefstA] ghgrom A

= Woll A frAFRke SR1e o) % 7 A 229

==
A A% 2HQle 9%t F7HA el B8 MCNP6

3. @58 A 45

3.1 HlZSE 4y L 2EY

FAA AL SI87] 1 & 471 Fhage
29 AR el PG B4 AHEY
MCNPE ZASHETE. PE, PE $01%0] Aok daby 2

S F2GE E 712] 79 (Case 1, Case 2), BPE (5.0w
& HAFSEY S92 24| 4d5-& vl sttt 2t b
o] FA= 5Ll 1S3t Fig. 341 PETH
A4 B2 9] ASHEZEE Case 17} Case 22 F-E5}
Fig. 3(a) Case 1< PEY} = AAA] 249 £7 H]
0.515:0.485= ZAscto] Ut F749] BPEY} H|W
< o BE9| g dH5H sttt &, BPEC]
H BEO| o] A5 Az E4dof ZitE =
A7 EHO] FAE Alitete] S Fof E2bgh
PEC| Z3tH g4 2 4 A= BPEYL H
oF 28f 31T}, Fig, 3(b) Case 2.= PES] 49t
g2 BPES] ©HA9t 4 S T Yo
2 PEY} A A2 24 5 HlE2 09:0.1

El

&
2o E o e oz

Lo

o,
%@ of

i)

I Mo

of oo ¥R o

]_

[¢]

do o
2 O b

on,

B3
1o e

P P =1
A

Job W

rd o oo

]_

]

d

o
K

96

4.00E-06

PE

© BPE
O Case 1
3.00E-06 | A Case 2
O
0
o
g o
E A
E 200806
=
g
& O
=
'Q
“ 1.00E-06
=]
&

0.00E+00 T T T
5 10 15 20 25

Thickness of Shielding Material (cm)

Fig. 4. Total neutron flux corresponding the thickness of shield-
ing material and material itself.
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Fig. 5. Neutron flux spectrum of when borated polyethylene or
case 2 were used in neutron shielding.
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Fig. 6. Watt fission spectrum of **U and **Pu.
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