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Preparation and Neutron and Gamma Radiation Shielding Properties
of Submicron Spheres Eu,0,/B,C/HDPE Composite
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Abstract Submicron spherical Eu,0,(Eu,0,-S) filler was synthesized by homogeneous precipitation method, and a
comparative study was conducted with commercial Eu,0, (Eu,0,-C) filler with irregular morphology and PhO filler
reinforced composite materials. XRD tests show that the synthesized Eu,0, filler (Eu,0,-S) is of cubic crystal
system, body-centered cubic lattice, a3 (206) space group. SEM tests show that the synthetic Eu,0,-S filler has
submicron spherical morphologies with uniform particle size, while the commercial Eu,0,-C filler has micron
particles with irregular morphologies. Mechanical tensile tests and DSC tests show that the yield stress and tensile
stress of the synthetic Eu,0,-S/B,C/HDPE (HDPE=high density polyetnylene) composite material are 21.3 MPa and

21.0 MPa, respectively, and the melting temperature is 119.7 ‘C, all of which are higher than those of commercial
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Eu,0,-C/B,C/HDPE composite material. Neutron and gamma radiation shielding tests show that the Eu,0;-S filler

with uniform particle size has the best dispersion in the HDPE matrix and can enhance the shielding rate of the
composite material. The plate with a thickness of 1.5 ¢cm has the best neutron shielding rate(43.66%) , and its gamma
shielding rate is 13.48%, which is close to the comparison composite material with Pb fillers.

Keywords Eu,0,; Composite; Neutron; Gammaray; Radiation shielding
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TP A3, BE5R T Sm, O, RS B IR R SR AR A, B T s AL Li SRS TORTR RE
GO, HURH R &2 G A KL, 902K Gd, O, BURME B b A 43 B U THOK GO, DR IS 5T, &2 A MR J1 2%
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FAVE WAL, A A IR S R s, T ELAE IR A (PR RO et 2™ A R IR )
RGN SR, AN D S 2 i Rk RO 2 5 PP R (2) F 26, — MR P EOs A Rk 0025 5
LR 1) B ARBRAT, 840 4 JE B T VRIS SR R o Rt e (B REYE TESE, A RmNAEY
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AR B 47 B2 w5 HDPE(500 H , 45 FlHE%00. 035 o/min) , FE AL 4 A3 AL TAT B 7] 5 525
el FF 4088 2 7K 38 3 YK-RO-B B4 S M 4l K L 45

HC-3018 Y = 250001, A AL Rh R AR AR AT PR |] 5 SEM-3-TT W] 98] 2 /=5 5 =4 (3D)
PEEBREENL, S HERHRA R AR A R A ] 5 QE-70E BRI %4 HLAI R32212017 BUNUHUEHL, XIS
RBHE R A R TTATE A Al 5 PC-180 BUSURLRREAIL, I3 N I eids & fg A s bR A PR |l 5 HS-ZW-150B
RUE MR ZAVIIEAE , Techlab A% {25 (RN A3 BR A F] 5 DIL 402 Expedis Supreme BYHARZ KA, 15[
Netzsch 23 7] ; Smart Lab SE # X SR AT 4 (XRD), H A Rigaku 28 7] ; TESCAN MIRA LMS F 7 $iH -+
BAEE(SEM), Z80H (P ED A FRA F] 5 Q2000 B2 /R i &Y (DSC) , £ TA 24w ; AGS-X-50N %Y
ML T REIRIEHL, H A Shimadzu 23 7] 5 Smart REM B A F4804Y , 2E [ Fluke 23 7] ; FHZ672 E-10 &IN5,
R, 5 E Thermo Fisher Scientific 23 A] .
1.2 SCEEFE
12,1 Euw,0,-SHE B th & RHIAHTTIE A I Eu,0,-S . 4 4. 4606 ¢(0. 01 mol) 7S /K &Rl R £H
F112. 0120 (0. 20 mol) JREK WA, A 800 mL B2 /K7 5 75 2 1000 mL O HETE I H 5 B TR S
TFAE AU TR I s 1 P £ BIR A ITE 80 CIIA T I 3 h, [N 45 RS = 2 Ok , %
HIZE S K SN 2 IR AE 8000 /min F5 3T B0 2 min, FE B0 R T IR E TR, 1
60 “CIEIE Z& 1 T T 6 hy BHEERET IS 0778, PRI R 2450, 72800 °C 28 RS
TH#2 h, 155 Eu,0,-S. A A Eu,0,-S S0RH Ak 27 R w5 A a0 T

CO(NH,), + H,0=2=2NH,1+C0, (1)
NH, + H,O==NH; + OH" (2)

CO, + H,O=2H" + CO* (3)
Fut+OH +CO=2=ku(OH)CO, | (4)
2Eu(0H)CO,=2=Fu,0, + 2C0,1 +H,01 (5)

122 EAMEERGH L T AN, 24 Eu,0./B,C/HDPE B ol 2: 1: 7 ISR RHRERR
FRRCR B AR S2 36 45 11 Ew,0,-S/B,C/HDPE FEA 1. 3% 5 4 m (Eu,045-S) : m(B,C) :m(HDPE )=
2:1:7; [RIEEA HERR B b % 5256 25 SR A9 82 ), Eu,0,-C/B,C/HDPE () ffi & e~ 2:1: 7, PbO/HDPE Fl1
B,C/HDPE [ it i [ 38 317, DL Ew,0,-S BUREA I, FEAR T f i FEEALNTR : 15k, #e M 2: 17 it
b4 BIAREL Eu,0,-S . B,C fHDPE, F#{# FHEREEHLAE 800 v/min AYH5 3 FEREEIR A 1 h, DASEEL 3 FhERE
AR SRR R85, FERES 5 R RS 2% AL, 76200 CF 25 10~15 min, i 3Rk R IE—
SRS e, BERRA NG (R, B R e A SRR SR T AR AR . PR
VEIA & 42508 (1) K mns e Bokike ABEBLE A, #2200 “CF T8k (2) RO SE 205105
SR EINE 2 30 MPa, 4% 30 min; (3) FhiE 2 240 °C, BB R 7 2 50 MPa, f£4% 1 h; (4) £
PURSERFIEREK, EEFRG TR D, 15 205 AR RER .
123 Euw,0, 88 R 8 &M BRI EA ik XRD MR E Ew,0, EURHO WAL K, Cu Ka HH4E,
A=0. 154056 nm, 26=10"~80°. i SEM M7 551X 5 22 7 F Eu, O, SR ORI S5 b4 W, FF38
1 EDS W53 B & B8 i B, O, EDBH ST R A s [FIRT, X5 A G iU En,O, DB P25 & 4
BHRERR A W TE A T SEM L, 75 H BRI ECRHAE SE AR i 0 A 00 . 38 i 7 R g ML AR 45 1 )
2P RE, MEUEE 25 DL GBIT 1040. 2—2006 1BA BURLAS HEA 71l 48, FLAER K 5 mm/min. 2R A DSC I3t
ST E A AR B SRR, AU N, TR TR VS LA 50~200 °CL BRI A I RRE 25 RSF
25 mmX4 mmx 2 mm, WHRIEEETLE ~-50~75 °C, FHEH% K 10 °C/min.

W BRI R G851 T A0 Scheme 1(A) TR, 4L BGER 7 = ZLALFE IR 2005 BRI « i 2 f0h -2
LB e PR ATIE . MR AN o R I R T 2 3R 20 BT H AL 20 em Ak HLIE X H
S, 22 7 S IR B B 17 B L 30 em, TEEHERR A AR IR AR TR R A S, R bt
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225 5 B e P AR S HIER 1 SRR o0 (0 2 St 2 551 e (R S L, 283l G AR R B A J 1400 A S 05 4 351
HEEL, ICAE L,

@ (B)
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Scheme 1 Schematic diagrams of test devices for neutron(A) and gamma ray(B) shielding
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- B R EURE, B SR EZ RESE A, AL RO Y RE SR B T B I
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I, = Bl e x 100% (7)
K 1(%) B ; S(em™) AR ZO R BHKTH ; d(em) WESMEHEEE; B EREF
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A 1 Beer-Lambert 242 [ 5K (8) ik "
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s L(%) AN SRR s w(em™) A ELFR G A 2k sl 2 4K
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2 HR5H

2.1 Eu,0, B85S S+ BEFRIRIE

A R Eu,0, 308 (Eu,0,-8) 57 H Eu,0, 308 (Eu,0,-C) B XRD 3B ANE 1R . 72/ 1, Eu,0,-S
RS Eu,0,-C HURHTE 20 = 28.421°, 32.926°, 47.266° Fl 56. 077° 4b 1) £ S W 43 Bl 5 1 F (222)
(400), (440)F1(622) FhTH, W6 AAIT UGS 5 4.0 377 4% F Eu,0, (PDF#34-0392) (4 B3 HHEATT 5 1 AH W)
EIF A 2R, S8 B ECH a=b=c=1. 0868 nm, a=B=y=90", J& T 1a3(206) =5 [A]# . F|JH] Scherrer 2%
3, A R Eu,O, SEURE A TN L 09 797 6 0 5000 11 5545 31 Eu,0,-S SR ki RSE D,y =24. 47 nm,
Diyoy=24. 55 nm, D ,,,=23. 88 nm, D, =25. 26 nm, H-YJ ki RSF D=24. 54 nm; £5 TR 45 b 50
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N Cirny=33.21%, Ciryp=11.34%, Ci ) =24.49%,
Ci0=19. 85%, H. L5 88. 89%. )
AR 1465 v T 2 0B WL % Eu,0,-S SR 55 T _
Eu,0,-C EURHG HOWTE S . B Eu,0,-S HURHY SEM B0 g E ﬁ
B L 2(A) TRT L, OB A W ROKRBRE |, P-4 ':&C @F*‘ S
k1% D=(468.3+26.9) nm, FEH7FEER T8/ — = Y IS
BT, G AT Ostwald 2L FRIS R 1 | Eu:0x(PDF#34-0392)
TR IN ) R R SR AR A T 3R 1Y i RSO LA T L s R
SRR | R REFA R, RN R 2 20/()

BT B R B s D, FEAERR B BURIRI Fig. 1 XRD patterns of Eu,0,-S and Eu,0,-C fillers
FPUTTE , IS KA KR i R, & 2

(B)} Eu,0,-C VR SEM B8 -, HoKiAE A 4~6 wm, SEAHNTES, BEA PURIESIBA A RIS . A M
K IBEAG H, BRI SH—F R TR T . Semaan ZEPVUHFSE T 9K BT 4 R ST 4 Z ARG
AR A TERE R EN , & BRI AR S A1 S /INE AN K S 2T 2 R AE 3 i A MR 724V RE T HAG
B RROR . Liu S5 T RS A0 B 5] BRAR RGT S /IN e AR R 2, & Bkt AR B 22/HDPE
S MR R A B AT 24 22 B E 4R T . Sousa SV 4S T HDPE/IERE KA1 (HA) & G4 KL,
FEXTLE T et ) HA SEORE S AR 45 7 HA R & 1 26 MR PR RE , R 3R AT B /KL 34 1Y)
L5 T HA BORM] £ 1 52 A MRS 58 B T 3R B RO . ARFSE P 1) Eu,04-S BURMHE: T3
FH) Ew,0,-C EURFEAT B /INGRAR 50 A1, DRI 52 B M R BE A 3R SR S i 3. OB S A
D 53T A DAL 2 SRR AR T 7 2 M R AR e 1 = A 52 g 2 ] 2(CO)AT(D) 43518 Eu,04-S $ER}
55 Eu,04-C R BEMREAR BT SEM B R . X HL B 0T LUB Y, Eu,0,-S SEURME SRR AR - AT SR AR R
WORBRIESR , 3 BAEREN P 8950 e AR 5T 5 T Bu,0,-C BURF THESR MU HR )25 ek, St
FEFERRERR R B 3 A AR 5] . 7E Fu,0,50 F 9, Bu i O JRFAOARMEIRFEL R 213, DL ArHrss
REW | Fu,0,-S Al Eu,0,-C 3H B 1) Eu oG FE M1 0 JG FE 5 143 9 8 37. 58%, 62.42% F1 40.35%,
59. 65% , YIHEIT 2 3 BB UE R TR .

Fig. 2 SEM images of Eu,0,-S(A) and Eu,0,-C(B) fillers, and fracture surface of composites doped with
Eu,0,-S(C) and Eu,0,-C(D) fillers

22 EAMBIEHRE TR
K3 (A) N E S M RHER BN ) -RAE T 2k, 3 (B) N 7E 60 “CTRFEE 15 d By AN sk 2 AL 52 55
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Ja , AR G BBHE Z AL ET I X5 I 8 e A st B ARG FU AR . e AR e B 2 A Ak 7™ A e IR 30 2 B 1) dpe /N
T3, YU B SR MR WG AR SZ () B RPN T, 4 A T RAEM BHSUE ZE R T . o, ~0 s 53 5]
A HDPE #£4 . B,C/HDPE #:4% . Eu,0,-S/B,C/HDPE ¥4 . Eu,0,-C/B,C/HDPE ¥4 A & PhO/HDPE #£ 4
P IRGREE , o\ ~0 s 732 F R AT HsR

27 115

(A) — HDPE (B)
24 | — B,C/HDPE —
T Euz 3-S(20% /BAC/I‘IDPE o\c
21 — Eu,Os- PE .\9/ 110
< PbO/HDPE 5 B
S 18k — Eu,05-S(30%)/HDPE,, ot
= i E .
A 15F Ois 24 - 2 =
o ° 105+
Z 12r %?2 B = n -
% o £) E) o
2 B E 20 o -
e 6l 7| B A0
- 1% i N 1 >
3+ 0" 4 8 12 16 2 e
) ) Tensile sllrain(%) )
0 95 :
0 25 50 75 100 125 150 a b c d e
Tensile strain(%) Sample

Fig. 3 Stress-strain curves of different composite samples(A) and yield strength relative ratio of different
composites before and after UV accelerated ageing at 60 °C for 15 d
(B)a. HDPE; b. B,C/HDPE; c. Eu,0,-/B,C/HDPE; d. Eu,0,-C/B,C/HDPE; e. PhO/HDPE.

M 3 AT A e, & A SRR REAR 1 et A B BT 5 B 245 F HDPE AR . R 1T, & A
HURHAREAR 4 AR 2 7 T HDPE AR . S8 B4 A0 3 25 2 B,C HELRL . Eu,0, 308 2L % PhO
TR 51 AT HDPE 43 F5E B8 7 A M 5 R 207, T AR A () J) 2 PEREAR 21 T 3271 . Wik
REFAEA BT EAEAR . I 3R LRI 1, B0 B,CIEE . Eu,0,38F1 PhO SRR FE AR
1) W7 22K 2R AH HF HDPE FEAR B S 080/0N , 32 R 7F HDPE SE 44 b | AR 380k 25 B FL 43 4 i
Bl NIRRT REB AT 24 . AP G R, ERIERE S B AL, AR REAY 12
FEAL AP T OB AR IR TH . A SO Eu,0,-S HURHELA H4— ki 42 R SF, 78 HDPE SE{A b %
AYECE IS S), IRTE T & SRR T2k et . Ao R, MR 5 BT,
SRR -SR] (A RH ELAE A8, BUE A2 5 MR 2 Pk R 5 T 2430k saed v B, SEUR- AR ] (1)
TR AE ELAE RGN, YRR S0 8] SR A B 55, A AR RE RO & TR . ARTEX — Bl AT
N Fu,0,-S SRR i OB 4350 42 3 31 309% -8 T A AR S 14 bERE . R 3(A) B
IR, FHEL Eu,0,-S DB 8 20% B2 SRR, Ew,04-S SR 18 30% 114955 A MR r fe i i 76 b 24
PRI RRAIG . 3R T IEOR- SO ] (%) S5 11 A B A PG I SEORE- S 8] f S5 1 A B PR 1 55 4 2
[, Eu,05-S/B,C/HDPE & & # ¥} Lt Eu,0,-C/B,C/HDPE & & A1 FHEAT B &5 1) Je R 5t B Az ffrasg 2, )
B Eu,0,-S SR Eu,0,-C SEUBHE HDPE SEAR (1) 43 BCE 3457, L REAS B4 o 22 (4 BRI o, BHAS
HDPE 4 T iz sh i AE S s . & 3(B) Al 1, 16 60 ‘C N ELE L AMEREST 15 A, &4 Eu,0, 08K
RAMBARER T HEE SR, AR5 X0 A i AR AR X FLE G, X2 i 43807 HDPE 2k
() B, 0, SECRE 4 28 SRR ISR S 3000 . A7 #GE R B0 Eu,0, 0 T HA AN RE 1, 12 i T M 02
FIIELHG 2p BB R RT3 Bu* 358 475U S0 ) 4 M B SR AR o8 FH 1

Table 1 Tensile parameters of composite samples

Sample Yield stress, o, /MPa Tensile stress, o, /MPa Young’s modulus/MPa  Elongation at break (%)
HDPE 16.5 16.7 639.2 134.3
B,C/HDPE 239 234 1149.3 23.5
Eu,0,-S(20%)/B,C/HDPE 21.3 21.0 1060.9 12.6
Eu,0,-C/B,C/HDPE 20.4 20.3 1005.5 14.5
PbO/HDPE 18.9 17.6 809.3 46.1
Eu,0,-S(30%)/HDPE 19.6 19.6 1170.7 5.1
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HAAFENE, SHEZ AR, B,C/HDPE &2 & FRHEAT 8= 0 JH IR0 11 | s i fig i
fite . R4 HDPE J& THEM M & o T AR, o FaE A i 5E A, B,C 437 i B—C LA i b 1
22559, 1M Eu,04F1 PhO SEURL B B LA 3R B o3 HcbE ), IR B,C 3ERHS HDPE SR HLAT B AT B AR 2
P, #115 B,C/HDPE & &A1 BHE I B AR 51 724 Rk .

23 EEMEERMNHRIEE S

K 4(A) NG HBRERR ) DSC 2k, T, 52 G A B DSC It 2k fall 06 (1% I (BT B2 . HDPE £
#2 . B,C/HDPE 4 . Eu,0,-S/B,C/HDPE #£4 . Fu,0,-C/B,C/HDPE #£4% Lk K2 PhO/HDPE AR 9 T, {553 3
H112.6, 114.6, 119.7, 116. 1 LLJ 115.2 °C. XFHCATATD, &4 BORMAENR Y T (634 % T HDPE FEAR,
X2 R Ry 1a) HDPE JERHin ASURHG , S 7ESEAR PN AE R S BRI, AU SR FaE it
TR, B FEOLH C—CHMRIRSINGS s [FIBT, FEATFSE i DR 45 T, DR SR A A
) AR ELAE FHASR , DR A A R B e e T2 7. 4% Eu,0,-S/B,C/HDPE 5 Eu,0,-C/B,C/HDPE F£4
PR LRI, & Ew,05-S SURHWFEAR T (E K F5 4 Eu,0,-C HURHY T A, 302 H A U Eu,0,-S 3
HHEA RN B W AORERIE AR, RSP/, I HHAE HDPE JER b 4341 15, 3K 15 Eu,0,-S SRR
HDPE JEpR Fpa] DL A 38 22 (9 BRI 5 107 FH Eu,04-C FEURE A BN , k7 A2 4k FLAE AR i 43 A
WA 5] WNE 4(B) AT LIE H, B INECEN ) 526 MR HU ik 2R 8039 (K F 2 HDPE, 3284 B,C
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Fig. 4 DSC curves(A) and thermal expansion curves(B) of different composites
24 EAWHERRES Rt

K5 (A) AR B R0, 1815 (B) AN Rl o e R A 2 . I 5 (A) el LA
H, i REE IR TREZL(0. 0253 V) I, Eu CER HAT i AP ISR (4553 barn) , BILERIK
(769 barn) , Pb i# IR AT R IR (11 barn). ASWFFEH Y "7 Cs (i 48 SR A BE R4 0. 662 MeV.
MIELS (B) H T LA H , AN [RIEDRE Y R 8 2 B8O/ MU PhO > Eu,0, > B,C. PhO X T4l 2 45 2k 4
B RE LT Eu,0,, 15 Eu BRI o B, BoA BEAF i T hRlcBE /1, TR, Eu,0, Al —
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Fig. 5 Total neutron cross-sections of different elements(A) and curves of the mass attenuation coefficients

(B) of different fillers varying with energy
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Scheme 2 Mechanism diagram of composite materials interacting with neutrons and y ray
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Fig. 6 Neutron transmittances of samples under the *’Cf neutron source(A) and gamma transmittances of

samples under the 'Cs gamma source(B)
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Bz . A B ROKER Eu,0,-S HURELEAT 80/ B3 — BRiAs 5 B 51 0 ikt 5 A9 +Fnfin o
T RAEMEAEMNB LR R, BAF T2 SR a5 FrilctEse . R 2 AT H, Eu,0,-S/B,C/
HDPE &4 8B 5 K 2 W 7 SRR (3=0. 383 em™) , R FE 8 2 B u=0. 097 cm™, JFitt T
F X, =0. 079 em’- g, H{HZ HVL=7. 15 em.

Table 2 Neutron and gamma ray shielding parameters of the prepared samples

Sample S, (%) Sy( %) pl(g-em™) Slem™ wlem™ w/(em’®g™") HVL/cm
HDPE 37.82% 9.01% 0.931 0.317 0.063 0.068 11.0
B,C/HDPE 38.39% 11.83% 1.113 0.323 0.084 0.075 8.25
Eu,0,-S/B,C/HDPE 43.66% 13.48% 1.224 0.383 0.097 0.079 7.15
Eu,0,-C/B,C/HDPE 39.55% 12.47% 1.248 0.336 0.089 0.071 7.79
PbO/HDPE 38.84% 15.78% 1.221 0.328 0.114 0.516 6.08

{BASE A2, PhO/HDPE FEAR A0 H) S 2 75 3 02 P A REAR h e (IR A, HLELAT fe KA 2otk 50
ZH0(n=0. 114 em™) , e KA T BT R B (1,=0. 516 ecm®- ™) UL K fie /DAY {E)Z (HVL=6. 08 cm). iX
SEPH P BA P A0 (Z=82), XA E S B 0 R B WOSCRCR . Ph i TR E 4 e A E S 4k
A AL, ARHELA AR 5 0 A= Wk, K i ot N B fat Rl P AR fe . R 37 Y T 7R AR Al AR SR 45 14
T, SCHRIRIE 52 G A RS A5 25 00 52 G AT RH R SR ST R PERE. AT LA Hh, AT A8 I fOK BR
Eu,0,-S FRAS AU 5 4% 1 B Wi R by, FLAE W s e (IR F PhO SE0RE, nT AR Sk PhO SR R AR
R

Table 3 Radiation shielding performance of different composites

Composite Shielding field Shielding performance Ref
30%B/70%HDPE Neutron $,=292%(*>Cf) [51]
10%Er,0,/90%ABS y-rays HVL=8.0 cm(¥'Cs) [52]
20%PbWO0,/10%B,C/70%HDPE Neutron and y-rays 3=0.224 em™ (¥%Cf) ; HVL=6.48 cm('¥"Cs) [53]
20%Fu,0,-8/10%B,C/70%HDPE Neutron and y-rays 3=0.383 em™ (*”Cf) ; HVL=7.15 cm("7Cs) This work
3 &%

SR FIARTTTE B 4 T ORISR R AR BR Y Eu,0,-S $2URE, F45 5 R BLITE 35 4 7 Eu,0,-C
SEORHAEAT A Wk 9 PhO BURLEEA T TXFEE . 45 R EW, 5 Eu,0,-CHUBHHEL , Eu,0,-S BURHEA T 1
AE EIEMALS: . Eu,0,-S EDEHS Eu,0,-C HEDRHE S 5 i R, O i+, J8 T 1a3(206) %5 [a)HE, {H
Eu,0,-S HURLELA LU A9 0 AOKR BRIE S FURIAZ 3857, 1 1 FH Eu,0,-C DR SRS B0 U 42 22 5 4
K, BIHT# 7E HDPE SR HE B8 B RIS 2, (1153 Eu,05- S/B,C/HDPE & G MRHE J1 2% g
FAFRE VE R RIS . TR H RS — 1 Eu,0,-S DB Eu,0,-C HURHE SR i g 43
A B E), L, DI Eu,04-S/B,C/HDPE &2 35 B o 7 I B 565 25 64 57 i 1k RE AR AL 75
Eu,0,-S/B,C/HDPE & & M BHE Cf th IR BT BA 43, 66% 1 FRRCE , & T H e bR
TE VCs A F PR BRI AT BA 13, 48% HYAMN T S LR R, (XIS AR T PhO/HDPE &5 F1kE . X 2Py
PhICZ B T B T 170K Eu. W HOKER Eu,04-S DR TR Sy iSOG RE A AU RERR 5 FREURHY
iz

Z % x #
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