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Fig.4 Schematic diagram of experimental y ray shielding
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Fig.5 Simulation verification model of thermal neutron shielding
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Fig.7 SEM surface morphologies of Gd,O3/SEBS with Gd,O3 content of 10% (a) and 50% (b)
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Table1 Element concentrations of Gd,O3/SEBS (at%o)

Element 10%Gd,03 50%Gd;0s

C 97.42 89.96

O 0.57 4.67
Na 0.23 0.24

Si 0.65 0.59

S 0.08 0.11

Ca 0.10 0.09
Gd 0.59 4.33
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Fig.11 Relationships between Gd areal density and Gd,O; doping ratio
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Table 2 Simulation and experimental results of y ray transmittances
Areal density/g €m?
Energy/keV
0.0184 0.0426 0.0787 0.1251 0.1800 0.2913
39 81.64% 69.79% 56.45% 43.31% 31.65% 17.04%
. . 59 83.20% 68.88% 51.99% 36.36% 23.77% 9.81%
Simulation
122 93.76% 89.58% 84.32% 78.68% 72.43% 61.16%
39 83.73% 69.46% 52.79% 37.62% 24.15% 11.48%
Experiment 59 75.43% 56.62% 37.16% 20.80% 9.99% 2.73%
122 93.03% 87.50% 80.32% 72.75% 65.16% 51.64%
100 REaBHARSE L, (ESEBRIUERT ] ARYE 4R B4 (1
4 Smuaion — — 3y FoRUEATRTIN, AR RO RS R, R
+ —122 keV N . ~ N
80r ) 8538 BT 2 [a) A i A (1) B 1

60+

40f
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20
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Bl 12 Gd,04/SEBS Mkl y S £ki% T 2
Fig.12 vy ray transmittances of Gd,O3/SEBS materials
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Fig.13 Mass attenuation coefficients of Gd;O3
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Gd,0s 115 2% L1 9 9.57%~67.32%; 0.2 cm A1k 39
59 fl 122 keV N y HHEE G 2N 83.73~11.48%,
75.43%~2.73% A1 93.09%~51.64% ; £k I £ )ik & $ M
0.8877~10.8241 cm™, 1.4101~17.9884 cm™, 0.3611~
3.3044 cm™; JE B A KN 0.9237~5.0030 cmg,
1.4673~8.3145 cm?/g, 0.3757~1.5274 cm?g; -{E )2 /9 0.7808~
0.0640 cm, 0.4916~0.0385 cm, 1.9196~0.2098 cm.

AL R4 7 AR AT AL S B 95 24 I B AR RS
g0, DL AT A A S b T % A 0.1781 glem? i sl
59 keV T y HHRiE I R N 46.78%F1 53.00%, 122 keV
y BHERIE SN 58.35%F1 63.91%. 1fii Gd,04/SEBS
Gd {EAHIT T % N, X 59 F1 122 keV ] y B £ki&
1% 9.99%H1 65.16%. 7] I Gd,04/SEBS Xt 59 keV 1]
y SRR, X HT Gd03 B K WRISGATE
50.24 keV Bt (1 13) 5 Xt 122 keV 11 y S 263E 5 2=
s v TR Bl R SR A A AR5 2 O S AR AR IR
4.2 HPFREERE

BT TR %CF S ARREE S TP, b T

R3 Y HEENSIRBHRIRE
Table 3 Errors between simulation and experimental transmittances

of y rays (%)

. 2 Energy/keV
Avreal density/g €m 9 59 22
0.0184 2.09 7.77 0.73
0.0426 0.32 12.25 2.08
0.0787 3.65 14.84 3.99
0.1251 5.69 15.56 5.93
0.1800 7.51 13.78 7.26
0.2913 5.57 7.07 9.52
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Table 4  Shielding parameters of different Gd areal densities for different energies of y rays at 0.2 cm thickness
Areal density/g €m?  Doping ratio/% Transmittance/% Energy/keV wlem™ umlcm? gt HVL/cm
83.73 39 0.8877 0.9237 0.7808
0.0184 9.57 75.43 59 1.4101 1.4673 0.4916
93.03 122 0.3611 0.3757 1.9196
69.46 39 1.8220 1.7068 0.3804
0.0426 19.93 56.62 59 2.8436 2.6638 0.2438
87.50 122 0.6677 0.6254 1.0381
52.79 39 3.1938 2.6036 0.2170
0.0787 32.07 37.16 59 4.9500 4.0352 0.1400
80.32 122 1.0952 0.8929 0.6329
37.62 39 4.8875 3.4152 0.1418
0.1251 43.70 20.80 59 7.8512 5.4862 0.0883
72.75 122 1.5910 1.1117 0.4357
24.15 39 7.1040 4.2471 0.0976
0.1800 53.78 9.99 59 11.5166 6.8851 0.0602
65.16 122 2.1413 1.2801 0.3237
11.48 39 10.8241 5.0030 0.0640
0.2913 67.32 2.73 59 17.9884 8.3145 0.0385
51.64 122 3.3044 1.5274 0.2098
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Table 5 Energy distribution of simulated neutron source (%)

Energy/eV Simulation 1 Simulation 2
0.025 20 35
0.050 18 15
0.100 15 10
0.250 22 5
2.500 25 35
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Table 6 Experimental and simulated transmittances of thermal

neutron (%)

Areal Simulation Simulation Experiment
density/g €m? transmittance 1 transmittance 2 transmittance
0.0189 48.13 43.40 45.74
0.0304 43.33 40.27 41.57
0.0424 39.30 38.28 38.93
0.0486 38.03 37.76 38.08
0.0534 36.04 37.11 36.97
0.0595 35.11 36.81 36.20
0.0709 33.59 36.41 35.78
A8 @ @ Simulation 1

m Experiment
46 A Simulation 2
—— Exponential fitting
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Fig.14 Thermal neutron transmittances of Gd,O3/SEBS materials
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Table 7 Thermal neutron shielding performance parameters of samples with 0.2 cm in thickness under different Gd areal densities

Avreal density/g €m™ Doping ratio/% Transmittance/% wlem™ unlem?® g HVL/cm

0.0189 9.56 45.74 3.9109 4.0697 0.1772

0.0304 14.97 41.57 4.3893 4.3297 0.1579

0.0424 19.88 38.93 47174 4.4216 0.1469

0.0486 22.21 38.08 4.8281 4.4125 0.1436

0.0534 23.93 36.97 4.9756 4.4616 0.1393

0.0595 26.05 36.20 5.0804 4.4481 0.1364

0.0709 29.74 35.78 5.1396 4.3097 0.1349
T (REEZ) 0.2eV) AMgH T (0.025~100eV) ; 0.3611~3.3044 cm™; B FENR R ECA 0.9237~5.0030 cm/g,
WAETEN 4 e B E M h b 7 (100~100 keV) 5kt 1.4673~8.3145 cm?g, 0.3757~1.5274 cm?lg; VAH/EH

T (REE>100 keV) o H i RE 1 1 57 i 75 2o i pik
SRS, A REHE Gd k. Gd X, ERET T
IR SRR AR T #p 7, R B S 3B Gd [
WS i I 5% .

WX (2) ~ (@ IHHEEE 0.2em, ANFE Gd %
FEM R M I R A R SR EE, 4R
WK 7 Fion. RN %% T B,C/SEBS RN, 4
108 [ i Ay 2.1873~17.6314 mg/cm? I, £7 0.2 cm JE )
MEX 7 (CFHEEEL 025 ev) EH X AR
71.31%~32.43%. CLRIERI LT A RHNAL/NER 2 )5A,
1.5cm Efd 1 CEPLIRERE 1.17 MeV) FE#E N 1.66%:;
0.5 cm JERIASALI R AR A RPN i 7 CREEN T
05 keV) Frilii %N 88.2%. W T A%+ Gd,04/SEBS
MR 24 Gd 2 0.0189~0.0709 glem? s, Akl
TiBEH N 45.78%~35.78%, FH.FFIN H & B iR EE v 5
LRINREST . EIRTP PR EREIAE T, 2 Gd TH% A
0.0189~0.0709 glem?® I, Gd,05; # 2% L 5l v 9.56%~
29.74%; 0.2 cm WAPRL 73 %y 45.78%~35.78%;
LRI R BN 3.9109~5.1396 cm; iR TR R ECN
4.0697~4.4616 cm?lg; {2 0.1772~0.1349 cm.
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Environment-Friendly Flexible Radiation Shielding Materials Incorporated with Gd

Wang Boyu™??, Guo Xiaolin**?, Yuan Lin*??, Li Tianlai*, Qiu Tianyi*3, Fang Qinglong*??,
Wang Xiaojuan™*3, Wang Qi*®, Liu Yang*??
(1. Xi’an Polytechnic University, Xi’an 710048, China)

(2. Engineering Research Center of Flexible Radiation Protection Technology, Universities of Shaanxi Province, Xi’an 710048, China)

(3. Xi’an Key Laboratory of Nuclear Protection Textile Equipment Technology, Xi’an 710048, China)

(4. Shaanxi Provincial Centre for Disease Control and Prevention, Xi’an 710054, China)

(5. China Institute of Atomic Energy, Beijing 102413, China)

Abstract: For nuclear radiation n-y mixed field, a kind of environment-friendly ray flexible synthetic shielding material was developed using Gd as

the core shielding element and SEBS as the matrix. It has the characteristics of environmental protection, production energy saving, comprehensive

protection, flexible plastic, recyclable, etc. SEM result shows that Gd,O; powder distributes uniformly in granular form and has excellent dispersion

in the matrix. X ray diffraction (XRD) and Fourier-transformed infrared (FT-IR) results show that Gd,O; and SEBS are essentially

physico-mechanical mixtures, and do not involve changes in chemical bond. The shielding results of y ray and thermal neutrons show that with the

increase of Gd areal density, the transmittances in y ray and thermal neutrons follow the exponential attenuation law. When the Gd areal density is

0.0184-0.2913 g/cm? the y ray transmittances of material at 39, 59 and 122 keV are 83.73%-11.48%, 75.43%-2.73% and 93.03%-51.64%,
respectively. When Gd areal density is 0.0189-0.0709 g/cm?, the neutron transmittance of material is 45.74%-35.78%. This flexible ray shielding

material effectively makes up the disadvantages of traditional shielding materials. It has potential application values in the biological shielding in

ships, nuclear medical diagnosis and treatment, radiographic testing and other fields.

Key words: gadolinium; neutron; y ray; flexible material; radiation protection
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