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Abstract

High-performance shielding materials and their production techniques are developed by an ultraviolet curing method and a heat
curing method. They are mainly made of resin, lead powder, and a boron compound. As resin materials, single functional
monomers are selected. As a practical use, the heat curing method is recommended. In this case, stearyl methacrylate
(SMA) is used as a monomer. To get good dispersion of lead and the boron compound in the resin, the viscosity of SMA is
increased by adding a small amount of a peroxide into the liquid monomer and heating up to the temperature of about 100° C. The
viscous SMA is mixed with a peroxide, lead powder, a boron compound, a three functional monomer, and a curing accelerator, and is
cured in an atmosphere of nitrogen after removing bubbles using a vacuum pump. Measured properties of the cured material are as
follows. The curing rate of SMA is 97 %. The typical densities are between 2 and 3 g/cm® which stay almost constant in the range
from room temperature to 150° C. The weight-change measured by a thermogravimetry is 0.16 % in the range from room temperature
to 200° C. Details of fragments in the gas released from the material is analyzed by a gas chromatography and a mass spectrometry.
The hydrogen content of the material is about 6x10%%/cm®. The shielding effect of the curing material is measured for a ?°?Cf neutron
source. Comparison of experimental results with MCNP Monte Carlo calculations indicates a good agreement. The shielding effect is
calculated for afission source by an Sn code ANISN. They are quite excellent. For example, concrete shield of a certain thickness can
be replaced by the material having a thickness of less than a half of concrete. The shielding effect of the material islarger than those of
the practical shielding materials. Several samples of the material are irradiated at an irradiation facility of the research reactor JRR-4
installed at Japan Atomic Energy Research Institute. At the 14th day after irradiating with the thermal neutron fluence of 6.6x10%%/cm?,
the radioactivity isless than 4.4 Bg/g.
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C H o 240 | 0.87 6.10
C H 0] 324 | 0.86 6.36
C H 0] 324 | 0.86 6.43
Pb 207.2 | 11.34
PbO N | 331.2 | 4.53
H BO 61.8 | 1.51 4.42
CHO | 164.2 | 1.16 3.40
C H of 182 | 1.11 3.68
*) x 10% cm®
( )
LA | SA | SuA (x10%/cm)
1 2.31 0.138 5.21
1 2.41 0.74 5.13
1 2.57 1.65 5.03
1 3.25 6.10 4.76
1 2.28 | 0.0189 3.81
1 2.42 1.04 3.78
1 2.64 | 1.36 3.73
1 4.32 10.0 3.06
1 3.15 0.186 5.46
1 3.29 1.0 5.36
1 3.50 2.22 5.24
1 4.52 8.26 4.87
1 3.11 | 0.0256 3.99
1 3.29 1.40 3.94
1 3.59 | 3.19 3.87
1 5.29 | 13.55 3.69
1| 3.29 0.194 5.50
1| 3.43 1.04 5.40
1| 3.65 2.32 5.27
1| 4.70 8.60 4.89
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Pb
31.2 5.11 0.3 | 64.5 0.18 -1.0
100 28.1 4.57 0.3 | 64.4 0.18 2.8
27.0 4.31 0.01 64.1 0.20 4.4
100 C H Pb B
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cm
HP(Pb) HP(Fe) [HP(UV) | PE(L) PE(H) CONC
C 3.15+22 3.15+22 | 1.67+22 | 3.95+22 | 4.08+22
H 6.04+22 | 6.04+22 | 5.02+22 | 7.90+22 | 8.16+22 | 7.14+21
0 3.88+21 | 3.88+21 | 2.26+22 3.90+22
Pb 4.51+21 3.40+21
B 2.66+20 | 2.66+20 | 5.33+21
N 1.15+19 | 1.15+19
Fe 1.16+22 1.15+21
Si 1.18+22
Ca 3.27+21
Al 3.09+21
Na 1.10+21
Mg 1.14+21
K 4.50+20
Ti 2.40+20
S 5.00+19
(g/cm®) | 2.39 1.81 2.31 0.92 0.95 2.20
3.15x 10%
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sec o f (/cm?) ®th (/cm®) |y Gy)

100 9.6x 101 1.5x 10% 1.9x 10

440 4.2x 10" 6.6x 10%° 8.6x 10*

1320 1.3x 10%° 2.0x 10% 2.6x 10°

200
1.0 120
130
180
190
195
100 1.28 120
® =9.6x 10" /cm? 105
® th=1.5x 10%/cm? 160
y =1.9x 10* Gy 175
170
440 1.26 120
& f=4.2x 10*/cm? 115
® th=6.6x 10%/cm? 160
y =8.6x 10* Gy 180
180
61




mg/kg

Co 0.2 0.2 0.1
Ni 0.2 0.2
Cu 10 0.3 1 0.2
As 0.8 0.1
Br 20 10 8

Cd 0.7 0.1
In 2 0.1
Sn 500 1 10 0.2
Sbh 60 0.7 0.1
Ba 1 0.1 0.1
Tl 200 200 200 0.1
Bi 60 3 2 0.4
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