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Preparation and properties of Er,0, -WOQ, -waterborne
polyurethane based X-ray shielding material
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Abstract; To prepare an excellent radiation protective material with excellent performance, a lead-free environment-
friendly efficient X-ray shielding material is prepared by using waterborne polyurethane as the substrate while Er,0,
and WO, as the radiation shielding agents. The shielding property of the material is tested and analyzed with a HPGe
detector. MCNP software is used to simulate the transportation process of photons in the materials. The surface of the
material is observed and analyzed by scanning electron microscope ( SEM). The results show that the composite
material could effectively shield X-rays, and the shielding agents within the material are dispersed evenly. The mass
attenuation coefficients of the material at 59. 5 keV (** Am) and 81.0 keV ('¥Ba) are 5.5 em’/g and 4.2 cm’/g,
respectively. The shielding ability is better than those of traditional Pb (5.1 ¢cm®/g and 2.4 c¢m’/g, respectively).
The relative errors between the measured values of mass attenuation coefficients and the simulated results of MCNP
are within 5% .
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I, X SHER B3 B B E AT 5T IR

TG X S 25 mobA B 18 F & A AL
BRI R Y B X R R — AT
40 ~88 keV, HixfFizfeE X HY X HHLIR UL EE ) AH
XHEE s A, HEA S, SRR
AR, ES RS By iR B R L, T
Pege2E " 2014 4E 7 A, BREAZE IR RN O S ST
PRAdE A O X R R MO R T & R
HRTHFFE R — A

2ASHEF R RE R AR, H5Y A E A
RLOGHSN A F. K 20 RSO T8 ARG 6B
B E TR TSGR, KRB R R AR
AR T AU R B . TE AR Y X R
FRRSA RIS, K2 RSSO0 X T4 & R B
MtERE A BB E L. SEAEMEN K ZEWikh sy
B4 57.5 keV 1 69.5 keV, XFEEH X 52k ) B i
WORMET45. K2R & s ( waterborne polyurethane ,
WPU) & —Fi A& A DL F B ek ARk, BA DK
PEREOL R . A PELF LG T OSSR, Tz H
FARLEBRR Bz B S 450 20 AR LUK
R R, LIE AL (erbium oxide, Er,0,) Fll
LA (tungsten trioxide, WO, ) fERINRERI T, T
Sy FIH Er AW i FORSORON;, il % T —FhIJCH
IR mR X SRR L

1 LI

1.1 RXF SN

A KPR EBRBE KR RE,  Fh 5 BH 5 R 2 5
Bk TR BRA " A= RELEM BRI KH-560,
YA Ak T A BRA R =, BARIR G0 ER 7Y 43 HL
A, BN T A RA R AV
A, @M HIEEA T A RAR A WMokEk
£, SRR 99% , 1K B AR R A BR A R A
PR WOKEARES, SEEF99% , R EEWEBREHE A
AA T LR, A%

% . GEMS5970 # &5 4l 4% %R I 4% ; Quantad50
FEG 2437 & S A4 i+ .
1.2 SAMHMHEE

1) RlFREUB & oy 4:1, 3:2, 1:1, 2:3 Al
1:4 1y Er,0; 1 WO, MR, BIARZST, #HFE 10
min, HFFEEEMYIRA S BINARESS
B 1% WRERE IR, e 10 min, {F5F#GRH R

THENE . TE L.

2) L ERREA S Er,0,-WO, k%
A& 350 47% B WPU, i $E40# 15 min,
R S REME R 75 WPU B4R A IR A
[ B BN 1% 1443 F5G0) 0 B B 40850 1% 15 3
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Fig.1 The sample appearance
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Fig. 2 Schematic diagram of shielding
capability test equipment
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Hobr, d WFERIREE; p AR, A3
AT, BUOH BT R RECE Y E.
1.4 Rt &

AR AR AR P idE o 5245 R P 2 ¥ (Monte
Carlo N particle transport code, MCNP) H7 i F2 114§
F, HEREAES59.5 keV F1 81. 0 keV Ak 1Y 5 & U8
SRR BB SR, REOURE A
R, B 2 B BRSO R, BCE R BCR
108. IR R AT 5B FBkaHz =,
ALY G H KON BRI 45 7 5 W UM BLAR
FHE R
1.5 #RIEHRIE

FH H B F 2 7 % ( scanning electron micro-
scope, SEM) X b1 8L K W #1770 87, W% Er,0, Hl
WO, FBURLTERE: 5 Y 201 3 5 .

2 HRV#

2.1 PRigiEses
2.1.1 Er,0,, WO, Bt Bt 4k 69 % v

£ 1 R (1) iHER M AF En0, A
WO, it bAE B U858 R AL, P oA FAE L.
MR 1 Al L, H5E EnO0, F1 WO, RYFE 5 X E &
59.5 keV 181. 0 keV HF£& 1 57 &6k 55 R BIR =,
BARRIFHBEHCSCR. g En0, B /0,
WO, BTt i, #EETE 59.5 keV Ab i 5T & Ik 55
ZHB BN, 81.0 keV &b T 208 55 R B4 .

#1 7AEEr,0,, WO, RELLHNHERRERBREY
Table 1 Mass attenuation coefficients of samples with

different mass ratios of Er,0, and WO,

p/ (em® +g™")
m(Er,0,)/m(WO0;)
59.5 keV 81.0 keV
P 0.45 0.30
4:1 5.90 3.19
3:2 4.76 3.21
1:1 4.27 3.23
2:3 3.71 3.26
1:4 2.80 3.38

A K ZMGH 53508 57. 5 keV Fi169. 5
keV. g Er,O, BIAHX & &R, MEEMHS
F57.5 keV 1 X 5L 1 BRSO B ; WO, AH XY
SRBE, MEERET 69.5 keV 54 1 5 M BUR

Hr. 55K 1 AR TR R, Sa%
JERER AT T 40 ~ 88 keV X[HIfY X 4R, ABFILE
M m(Er,05):m(WO,) = 1:1 il & F# btk
2.1.2 &R A T F Vel 53 B RO AR 69 %0
Here b a8 A ALY B 2 B 50% 4331 14
INZE 60% , T0% , FEARRAAF T il g i -0
FRiPERE, S5RIMFK 2. MR2 AW, HESRE
W B o3 B G, AE S X 59.5 keV A1 81.0
ke V' £ B o BB 55 AR K B AR
Z R & RALY TR E T 80% I, ZE
MR AR RE R R B2, BV S I, SEPR
BN, BESEREBALKY RE BN 10%,
m(Er,0;):m(WO0;) = 1:1, 15 X SLBFRATEL
®2 FREEEUUREFSVHHRFERBERY
Table 2 Mass attenuation coefficients of samples with

different metal oxide weight ratios

o/ (em® +g™")
o(&EREMY) /%
59.5 keV 81.0 keV
0 0.45 0.30
50 4.27 3.23
60 4.76 3.53
70 5.49 4.15

2.2 BRIt E
% 3 Jyilid MCNP B A 2% R i A4 i i

PRl AL XPLHER LRI 2 IR E T, 25
ISR ot 1) S5 B 080558 AR RS R LT SR A SR AR )
B, FXIRZETE 5% LA, BLITH R 45 1R i T 5K
B, FER R TR B O R AL T ) 2
S1or A B BARCIR 2, 3K 7R 52 TP R K S B
E/\J[21-23] )

F*3 MCNP E=EIIHHBRERSERH

Table 3 Mass reduction coefficients of

simulated computation by MCNP

m(Er,0y)/  po/(em’ g™
e( &AM/ %

m(WO,) 59.5 keV  81.0 keV
50 4:1 6.10 3.32
50 3:2 4.96 3.34
50 1:1 4.38 3.33
50 2:3 3.84 3.36
50 1:4 2.89 3.45
60 1:1 4.82 3.63
70 1:1 5.59 4.25
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2.3 MBI HRIE

K3 ke dn R A SEM K. Al LA, Er,0,
WO, Bkt Z &t ebh BN, BA
PR AR, BERA e IR B A% 46 ) 45
P B T BRI PE R, 23 BRI B I A o i 57
WA DI RERL TR G R 2 BB 3 5.

W /" X 0= ) (':kl M:’,.‘,(“,,,p

3 #fmERE SEM
Fig.3 SEM image of the sample surface
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