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Effect of boron-containing polyethylene composites configurations on neutron shielding performance
JIAO Limin, WANG Zhipeng, GAO Xudong,ZHNAG Peidong, SUN Qian, CHEN Lei, WANG Changwu,ZHUANG Dajie
(China Institute for Radiation Protection, Taiyuan 030006, China)

Abstract : To address problems of high transportation costs and low efficiency for radioactive materials caused by large
volume and heavy weight of traditional shielding materials, a gradient shielding composite with polyethylene as matrix and boron
carbide as filler was constructed based on mechanism of neutron-matter interaction and design concept of gradient materials, which
improves shielding performance of composite. TopMC software was used to calculate neutron fluence penetrating materials with
different configurations, thicknesses, and filler contents, and enhancement mechanism of gradient configuration on shielding perfor-
mance was discussed from perspective of neutron energy distribution. The calculation results show that compared with uniform
configuration and multi-layer configuration composite materials, shielding material with the gradient configuration has better shield-
ing ability, with shielding enhancement rate of gradient configuration composite reaching 9.39%. Moreover, energy distribution
results of penetrating neutrons indicate that gradient material significantly reduces penetrability of neutrons with energies ranging
from 0.5 eV to 300 eV(excluding 300 eV), giving full play to role of filler. As material thickness increases, shielding performance
gradually improves. Neutron fluence penetrating 12 cm material is 15% of that penetrating 6 cm thick material,, and within a certain
thickness range, thickness and material configuration have a synergistic effect. In addition, there is a threshold for enhancement of
shielding performance by boron content, and a boron content of 10.5 wt% can balance cost and performance of material. This study
provides a reference for design and optimization of lightweight, high-efficiency neutron shielding materials in field of radioactive
material transportation,

Keywords : transportation container ; spent fuel ; neutron shielding ; boron-containing polyethylene ; composites ; gradi-

ent materials ; simulation calculation
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Tab.1 Parameters of materials

Mass fraction/%

: : -3
Materials Density/(g-cm ) H C B
PE 0.93 14.3 85.7
B,C-PE-5 1.00 13.4 81.6 5.0
B,C-PE-10.5 1.05 12.3 77.2 10.5
B,C-PE-14.7 1.09 11.5 73.8 14.7
B,C-PE-19.8 1.18 10.4 69.8 19.8
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