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ABSTRACT

Neutrons have been widely used in many applications. Since neutrons have no electric
charge, they can travel through electron cloud and directly interact with the atomic nucleus.
Exposure to free neutrons can be hazardous especially fast neutrons from neutron source.
Therefore, using neutron shielding material is very important. Optimized flexible and lightweight
neutron shielding materials were designed using the Monte Carlo N-Particle (MCNP) code.
Thicknesses of 10 cm were tested for neutron shielding performances. Simulation results
indicated that the shielding material with four alternating layers of NR with 100 phr iron (Ill) oxide
(Fe,05) and of NR and SBR blend (1:1) with 5 phr boron oxide (B,O5) were most suitable for fast
neutron shielding. The neutron shielding material of a spherical shape exhibits the best
performance (43% neutron attenuation) compared with cuboid and cylindrical shapes. The
optimum neutron shielding material design was fabricated and good homogeneity of the
material was verified by neutron radiography. Therefore, this neutron shielding material can be

utilized in neutron source applications.
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aseil 1 dudszneundniidunfinnsandszdninmussnisiididdansewivesianida (waw
B,0,, PbO, way Fe,0; vtinay 40 phr)
= AU R .
= g . . UINIUVBITINA9E
Z c dulsenau RULLUUY
S g 3 (part per hundred rubber; phr)
s °@ (g/cm’)
H C B-10 B-11 o Fe Pb
0 0 No material (8101) 0.00120 81N1A *
1 1 NR+SBR 0.987 10.378  89.622 - - - - -
2 1 NR+SBR+B,03 1.210 10.378 89.622 2460 9.963 27.577 - -
3 1 NR+SBR+PbO, 1.343 10.378  89.622 - - 5.351 - 34.649
4 1 NR+SBR+Fe,05 1.301 10.378  89.622 - - 12.023 - 13.988
5 1 NR+SBR+B,03+PbO, 1.273 10.378 89.622 1.230 4982 16.464 - 17.325
6 1 NR+SBR+B,0;+Fe,05 1.254 10.378  89.622 - - 19.800 - 27.977
i’awmﬂ%u (Multi-layer samples)
Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
7 a4 Sample 2 Sample 3 Sample 2 Sample 3 -
8 il Sample 2 Sample 4 Sample 2 Sample 4 -
9 4 Sample 3 Sample 2 Sample 3 Sample 2 -
10 4 Sample 4 Sample2 Sampled Sample 2 -
11 5 Sample 2 Sample 3 Sample 2 Sample 3 Sample 2
12 5 Sample 2 Sample 4 Sample 4 Sample 4 Sample 2
13 5 Sample 3 Sample 2 Sample 3 Sample 2 Sample 3
TanIeuiigu (Comparative materials)
. AUNUILUY Y .
dulsznau 3 I9YALVAIUAAY isotope
(g/cm’)
14 1 Boron (B) 7.874 B-10 = 19.9 B-11 = 80.1
15 1 Iron (Fe) 2.34 Natural Fe = 100

* (McConn, 2011) Air’s composition (weight fraction) ; Carbon

0.000124

: Nitrogen :

Oxygen : Argon

0.755268 :0.231781 : 0.012827
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Y3ura (phr)
dauusznau
Layer 1 (1.1) Layer 2 (2.1) Layer 3 (3.1) Layer 4 (4.1)
NR 50 (100) 50 (100) 50 (100) 50 (100)
SBR1502 50 (0) 50 (0) 50 (0) 50 (0)
ZnO 5 5 5 5
Steric acid 2 2 2 2
Wingstay-L 1 1 1 1
B,0s 0 10 0 10
Fe,05 100 0 100 0
MBTS ° 1.2 1.2 1.2 1.2
T™TD 1 1 1 1
DPG 0.5 0.5 0.5 0.5
Sulfur 2.5 2.5 2.5 2.5
Compression molded time (u1#) 4 15 4 15

‘ Dibenzothaizyledisulphide, ° Tetramethylthigramdisulphide , ‘ Diphenyl Guanidine
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-2 oA
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100 phr wag 5 phr auaiau linanisivesed

Tnseuldnian danduguin 4 weeal
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