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Table 1 Shielding material element contents and density in MCNP simulation
) atomic proportion density
material ~ - .,
H C O B B Si Al Mg Ce Fe /(g cem?)
boron carbide — 10 — 8 32 — — — — — 2.500 0
b i lyth
oracie polyrhene 4314 1674 966 65 257  — - - 1.120 0
(boron mass content 8%)
Al-B,C alloy — 9 — 7 29 — 55 — — — 2.653 0
GF/B,C/epoxy composite
. 3734 3537 897 9 34 930 470 400 6 19 1.630 0
(B, C mass content 0%)
GF/B,C/epoxy composite
. . 4256 6862 1884 2300 9190 3673 856 1580 24 75 1.753 8
(B, C mass content 10%)
GF/B,C/epoxy composite
7448 15 546 4376 6886 27 522 9693 4898 4169 62 198 1.823 1
(B, C mass content 15%)
GF/B,C/epoxy composite
1596 4342 1246 2293 9166 3010 1521 1295 19 61 1.898 1
(B, C mass content 20 %)
GF/B,C/epoxy composite
1064 3838 1118 2292 9161 2877 1454 1238 18 58 1.979 5
(B, C mass content 25%)
1.3
b ° —
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Fig. 1 Geometry of setup used in neutron shielding : s .
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Fig. 4 Simulation result of neutron transmissivity for
different B; C contents in GF/B,;C/expoxy composite
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Table 2 Comparison between shielding material density in MCNP simulation and density of sample prepared by hot press method

material theoretical density/(g+ ecm™) actual density/(g * cm™*)
GF/B,C/epoxy composite (B,C mass content 10%) 1.753 8 1.534
GF/B, C/epoxy composite (B,C mass content 15%) 1.823 1 1.553
GF/B,C/epoxy composite (B,C mass content 20 %) 1.898 1 1.701
GF/B,C/epoxy composite (B,C mass content 25%) 1.979 5 1. 856

3
/B,C/ . Am-Be . He-3
, . 3 , /B,C/
3 ( VALB,C, ) 3
o 1 eV , 1eV 0.5 MeV ,
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Fig. 6 Comparison of neutron shielding performance of glass fiber/B,C/epoxy
resin composite and three traditional shielding materials for different energy neutrons by MCNP simulation
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Neutron shielding material design based on Monte Carlo simulation

Chen Feida, Tang Xiaobin, Wang Peng, Chen Da
(College of Material Science and Technology, Nanjing University

of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Based on the Monte Carlo particle transport program MCNP. a novel glass fiber/B,C/epoxy resin composite for
neutron shielding with high strength and low density was developed. Its neutron transmissivity was calculated under the Am-Be
neutron source condition to study the difference of neutron shielding performance between the glass fiber/B,C/epoxy resin com-
posite and traditional shielding materials. Furthermore, effects of B,C mass fraction of the composite on the shielding perform-
ance for neutrons with different energy(slow neutron, intermediate neutron, fast neutron) were analyzed. The results show the
composites with 10% B, C mass contents have more advantages on the neutron shielding performance , especially the slow neutron
shielding performance in comparison with polyethylene/boron containing composites and Al-B, C alloy. With the further increasing
of the B, C contents, no remarkable increase is observed. Monte Carlo method is demonstrated feasible in optimization design of
neutron shielding materials and the results provide a theoretical basis for design and preparation of a new neutron shielding com-
posite.

Key words: Monte Carlo method; neutron shielding material; MOCNP code; transmissivity



