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Neutron shielding property test with combination detection method based on moderation
sphere detectors
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(Beijing Research Center for Radiation Applications, Beijing Radiation Materials Key Laboratory, Beijing 100015, China)

Abstract Background: With the development of nuclear technique, neutron shielding materials have been used
widely in many fields. Up to now, there is still no standard test method for neutron shielding property both at home
and abroad. Purpose: This study aims to find an easy and feasible way to test the shielding effectiveness of materials
in a wide range of neutron energy. Methods: Models for *He proportional counter cooperating together with
polyethylene (PE) moderating spheres of different diameters were calculated using MCNP (Monte Carlo N Particle
Transport Code) and the neutron transmittance of some materials was tested. Results: The combination detection
method by using moderating sphere detectors has consistent response in a wide range of neutron energy from
1x10°MeV to 1.25MeV. The article tested the neutron transmittance of 2cm- and 4 cm-thick PE plates for B2Cf
neutrons. The results coincide with multi-sphere spectrometer within £1.0% and the ordinary shielding rules of
different type materials for neutrons. Conclusion: The method is validated to be feasible and simple to neutron
shielding.
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Fig.1 MCNP calculation model.
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Fig.2 Neutron energy response curves of combined
moderation sphere detectors.

H P 2 FTAL, ARG R R AR T %
H B R 2R, A R m AR AR, A R R A X
Ei%%ﬁ*ﬁ%%ﬁ%ﬁ%%%ﬁTﬂ%é%*
TFIRMEEAF, fEHFREER R+
MERE, &P BB R IR 2. N T #ve I
R Ya, BB H 3 E— S PN F
ML BRI E5 73 AMK,  SR IR 2 R AT % S
ﬁ@%ﬁ#%ﬁ%ﬁoﬁﬁﬁwﬁﬁmﬁﬁéﬁﬁ

BRI R R AN B R R, T T
%ma eEMIVER . FIRBL T BT B B —Fp g
AERERIN 25 w0 S B R AT B LS, 15 208
e SR, B3 AN EI T 4 Fhds A e
4k

B A b 4 Fhoeb e ma B2 A2 mT N, o SR R
G 77 o R MAZE KK, HAERA S
BRI Re M 2. Bl 3(a)s (b). (c)HATE
BE M RE R BN T N R A, RAEE 3(d)
F10.16ecm Al 1524cm BALERA & 5, 7
1x107-1.25 MeV #5981 g F 36 B Py A BT (1 v
TN 2R, ARSI HIERE T X R A 7 ST ek
B o

050201-2



ESETTA BB S 2 A A DI b B v R S

1.8
(b)
1.6
1.4 +
+ 12 F
“
E‘ 1.0 |
S o8}
Z
& 06}
04+
02
0 L e e | 'l l 1]
10° 10°® 107 10° 10° 10* 10 102 10" 10° 10 10° 10 107 10° 10° 10* 10°* 102 10" 10° 10
Neutron Energy / MeV Neutron Energy / MeV
1.8
(c) 1.8 - o
1.6+
1.6 -
1.4} 14|
12 ' ; '
T 0 E 12 ! ;
Zof - g
3 1.0 g 1.0 ! !
= = ! |
2 08r 2 08 : !
g o6f & 06 I |
0af 0.4 | :
| |
0.2 0.2 ' '
O FENTETIY BRI EETERTITT EAPRTETITT EAPArETTTT Erararem | PP T | PRTTT B | O il il A II 1l il il ¥l ..lI ul
10° 10°% 107 10° 10° 10+ 10° 102 10" 10° 10' 10 10* 107 10° 10° 10* 107 102 10" 10° 10'
Neutron Energy / MeV Neutron Energy / MeV

E 3 ASAERIRIMESALE 5 00 v 7w B2 2
(a) 6.35cm A1 7.62cm, (b) 30.48cm #138.10cm, (c) 6.35cm #120.32cm, (d) 10.16 cm F1 15.24 cm
Fig.3 Neutron energy response curves of combined moderation sphere detectors.
(a) 6.35cm and 7.62 cm, (b) 30.48 cm and 38.10 ¢cm, (c¢) 6.35 cm and 20.32 cm, (d) 10.16 cm and 15.24 cm
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Table 1 Comparison of neutron transmittance test results.

PE L% T 5 2 BRSO

Thickness of PE Neutron transmittance / % Test comparison with multi-sphere spectrometer / %
samples / cm T T, Ty T, T4 (T,-T)/T (T,—T)/T (T—T)/T (T—T/T
2 41.4 36.7 522  46.1 41.7 -11.4 26.1 11.4 0.7

4 24.1 19.3 28.1 264 239 -19.9 16.6 9.5 —0.8
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Table 2 Neutron transmittance of several materials.
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Material Material Sample Neutron

name density thickness transmittance
/g-em® /cm /%

PE 0.95 2.0 41.7

B-PE 1.11 2.0 30.6

Pb-B-PE 6.10 2.0 42.0

Fe 7.78 2.0 66.2
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