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Selection and composition design of compostites based on polymer of high temperature resistance for

neutron and y ray hielding
YU Ming"?,LUO Fan'?, LI Xiaoling"*, CHEN Xianglei'*, GUO Zhirong"’, GE Mengtuan'~
(1. Wuhan Second Ship Design & Res Inst, Wuhan 430064, China;
2. Innovation Center for Ocean Nuclear Emergency Radiation Monitoring and Protection Technology , Wuhan 430064, China)

Abstract : In order to meet the requirements of new high temperature resistant lightweight composite shielding materials for
polymer matrix composites, the selection and composition design of polymer matrix shielding materials for high temperature resis-
tance, neutron and <y ray shielding were carried out. Firstly , based on the design principle of high temperature resistance , neutron and
vy ray composite shielding, considering neutron shielding performance, temperature resistance performance, vy shielding perfor-
mance, vy ray capture and cost and other factors, discrete decision analysis was used to select the composite as the ternary system of
tungsten-boron carbide-poly (4-methyl-1-pentene) (W-B,C-PMP) from the existing candidate materials. Then, taking **U induced
fission spectrum as the source term, using GENOCOPIII program based on genetic algorithm and MCNPS5 program, the composition
ratio of ternary material was calculated and optimized as 0.4865 W-0.0135B,C-0.5PMP, and then other representative proportions
were selected to verify the optimization design results by simulation. The results show that the attenuation coefficient of neutron
equivalent dose rate is negatively correlated with the proportion of hydrogen in the shielding materials with different components,
while the attenuation ability of y ray equivalent dose rate increases with the increase of tungsten content. The composite shielding
material with optimized design ratio shows the best comprehensive protection efficiency, and its total equivalent dose attenuation
coefficient reaches the minimum value. This not only verifies the scientific rationality of the optimization design method, but also
confirms the reliability of its engineering application level, and provides a reference for the composition design of multicomponent
composites under neutron and -y ray mixed fields.

Keywords : high temperature resistant polymer ; neutron and y ray shielding ; material selection ; discrete decision analy-

sis ; genetic algorithm
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Tab.1 Various high-temperature resistant polymers

Polymers Chemical pl(g-cm™) T’“/.HDT
formula (Approximately)/°C
AFG-90 C,H,,NO, 1.22 210(HDT)
PEEK C,H,,F,0, 13 334(T,)
PI C,;H,\N,O, 1.2 330(HDT)
PPS (CH,S), 1.36 285(T)
PA46 C,H N0, 1.18 295(T,)
PBI C,,H,,)N, 1.2 435(HDT)
PMP (CH,,), 0.833 234(T)

Notes:p is density; 7, is melting temperature; HDT is heat deforma-

tion temperature.
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Tab.2 Three indicators corresponding to high temperature resis-

tant polymers

Polymers Moderaltion ability T /HDT Cost(f}5) /
(/% (12)°C (Yuan-kg ")

AFG-90 8.808 —210(HDT) 260
PEEK 16.576 -334(T,) 400
PI 16.047 —330(HDT) 400
PPS 20.136 —285(T,) 65
PA46 19.876 —295(T,) 50

PBI 18.778 —435(HDT) 2900
PMP 4.596 —234(T ) 135
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Tab.3 Cost function values of each polymer under typical weight

coefficients

wll’wlz’wU

Polymers

0.6,0.2,0.2 1/3,1/3,1/3 0.4,0.4,0.2

AFG-90 0.043 0 0.0156 0.006 4
PEEK 0.082 4 0.0319 0.0193
PI 0.079 8 0.0309 0.018 1
PPS 0.091 5 0.024 4 0.026 2
PA46 0.088 4 0.020 9 0.022 6
PBI 0.204 3 0.2210 0.127 5
PMP 0.010 7 —-0.0114 —0.020 1

122 EEMHHEA
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Tab.4 Three indicators corresponding to heavy nuclear materials

Heavy Inelastic scatter- +y ray shielding Cost(f5;)/
material ing ability/% performance(f5,)/% (Yuan-ton™")
Pb 65.821 28.643 3.0x10*
W 48.728 13.180 3.0x10°
Bi 69.551 33.545 1.2x10°
Ta 53.336 17.472 3.5x10°

®5 HABNERBTEEZMBRAREIE
Tab.5 Cost function value of each heavy nuclear material under

typical weight coefficient

0)2] b (1)22 ,(()23

Heavy material

0.2,0.6,0.2 1/3,1/3,1/3 0.4,0.4,0.2
Pb 0.242 1 0.197 8 0.2358
w 0.141 4 0.1410 0.154 1
Bi 0.2815 0.228 2 0.267 8
Ta 03351 0.433 0 0.3423

b, 2390075 6 B - IR O TR 5 B (U w0,)
ARy SR R RE AR AR (B 0 ) AR A1 /s
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Tab. 6 Three common indicators of thermal neutron absorbing materials

. Thermal neutron absorption cross
Thermal neutron absorbing element P

Capture the highest f
apture the highest energy of vy rays Costl(f,,)/(Yuan-ton™)

section(f;,)/Barn (f3,)/MeV
B 3837 0.478 8.0x10" (B,C)
Gd 46 000 6.75 6.5x10° (Gd,0,)
Cd 2450 9.05 2.5%10° (CdO)
Sm 5600 7.98 7.0x10° (Sm,0,)
Eu 4300 7.42 3.5x10°(Eu,0,)

F7 BBNERYTERPFREM B ARBE
Tab.7 Cost function values of various thermal neutron absorbing

materials under typical weight coefficients

Thermal neutron Wy, Wy, Wy

absorbing material 0.6,0.2,0.2 1/3,1/3,1/3 0.4,0.4,0.2
"B(B,C) 0.043 1 0.030 7 0.033 8
Gd(Gd,0,) 0.5115 0.359 4 0.406 2
Cd(CdO) 0.090 4 0.124 4 0.1397
Sm(Sm,0,) 0.1314 0.1590 0.163 8
Eu(Eu,0,) 0.223 5 0.326 4 0.256 5
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Fig.2 MCNP computational model used in optimization process
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Tab.8 Composition optimization results of W-B,C-PMP composite

shielding material (mass percentage) and its density

PMP content/% W content/%  B,C content/% pl(grem™)
50.0 48.65 1.35 1.585

2.2 motACE It 4 R E
Tk W-B,C-PMP & 45 B b1 D 5
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Tab.9 Mass proportions and density of composites

No. m(PMP)  m(W)  m(B,C) Density/(g-cm )

Optimizized 0.5000 0.4865 0.0135 1.585
Ratio 1 0.6000 0385 0.0135 1.341
Ratio 2 0.7000 02865 0.0135 1.162
Ratio 3 0.5000 0.4000  0.100 0 1.514
Ratio 4 0.5000 04500  0.0500 1.554
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