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Abstract : Poly (4-methyl-1-pentene)(PMP) has the potential to replace polyethylene as a high-temperature resistant neutron
shielding matrix due to its excellent heat resistance and high hydrogen content. To meet the service requirements of new lightweight
shielding materials, including resistance to high temperatures of 200 °C and comprehensive shielding against neutrons and gamma
rays, a tungsten(W)/boron carbide(B,C)/PMP composite shielding material was designed. First, the composite shielding material
was prepared via melt blending-high temperature molding process. Then, its shielding performance was evaluated through simula-
tion calculations and experiments. Finally, its environmental durability was assessed based on the typical environmental condition
tests of composite shielding materials. Results of the shielding performance show that the melting temperature of the PMP-based
composite reaches 238.13 °C, its attenuation multiple reaches 97.95% of that of polyethylene-based materials, and its gamma attenu-
ation multiple is 98.61% of that of polyethylene-based materials, achieving a balance between shielding performance and heat resis-
tance. Results of the typical environmental condition tests indicate that after the high-temperature aging test at 200 °C for 2 hours,

the weight loss rate is 0.47%, and the retention rates of tensile and flexural strengths remain above 84% , meeting the service require-
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ments under design basis accident conditions. Based on the obtained thermal degradation activation energy of 189.31 kJ/mol for the

PMP-based composite, an accelerated aging scheme of 70 °C for 20 days was designed. After 20 days of accelerated aging, the

performance retention rate of the composite is much higher than GB/T 7142-2002 50%, indicating that the composite meets the

requirement for a service life of 30 years at 40 °C.

Keywords : poly (4-methyl-1-pentene) ; tungsten boron filling ; melt blending-high temperature molding ; shielding perfor-

mance ; environmental durability
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Tab.1 Measured and simulated values of shielding properties of composites

Neutron shielding transmittance

v shielding transmittance

Samples Measured value  Calculated value Error/% Measured value  Calculated value Error/%
48.65%W-1.35%B,C-50%PMP 0.809 5 0.714 5 11.74 0.8870 0.861 2 291
40%W-1.35%B,C-58.65%PMP 0.8143 0.716 2 12.05 0.904 7 0.877 3 3.03
30%W-1.35%B,C-68.65%PMP 0.8214 0.7179 12.60 0.9190 0.8917 2.97

48.65%Pb-1.35%B,C-50%PE-UHMW 0.792 9 0.696 8 12.12 0.874 7 0.847 5 3.10
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Tab.2 Melting temperature of composites

Composites T /°C
48.65%W-1.35%B,C-50%PMP 238.13
48.65%Pb-1.35%B,C-50%PE-UHMW 135.53
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