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Fig. 1 FTIR spectra of Gd,O; and Bi,0; particles before

and after modification.
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Fig. 2 TEM images and EDS mappings of M-Gd,O; (top)
and M-Bi,0; (bottom).

Fig. 3 High-resolution TEM images of M-Gd,O; (a) and M-
Bi,0; (b).
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Fig. 4 Curing reaction mechanism of epoxy.
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Fig. 5 DSC curves of the E51-T31 system at different
heating rates.

Table 1
system at different heating rates.

A (°C-min™!) T (°C) T, peakl “°O) T, peak2 (°C) Tpnisn (°C)

Characteristic curing temperature for epoxy resin

5 253 75.7 123.0 165.5
10 31.7 86.7 126.4 175.9
15 39.7 100.6 135.6 183.2
20 46.2 101.8 136.6 191.0
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Fig. 6 Calculation of the apparent activation energy of

epoxy resin system by Kissinger method.
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Fig. 7 Relationship between feature solidification temperature
and heating rate.
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Table 2 Element analysis results of epoxy coating.
EP N (Wt%) C (wt%) H (wt%)
1 0.52 75.59 14.14
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Fig. 8 FTIR spectra of epoxy coating before and after the
reaction.
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Fig. 9 SEM images and EDS mappings of epoxy-based composite coatings.
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Fig. 10 TEM image of epoxy-based composite coating.
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Fig. 11 XPS survey of EP-30.

DL BRI B TH 1 — S RE T, IESE T A% Fesh
FAITR BLENA5 F
24 EL-5-MEEESFEREENAREMS
WE 127w, BIEHRESTNE T RS
WERRRENE . AW IR 1 IR I FE 0T LA
3B, BB EM IR EEZIENK,
1 FE S Bl 7E 50~320 °C 2 [8], X Fh 5 &5k /b VA [A]
T 45 a7 B IS 23+ B 1Y o= e 2R AEURE 1 4y
fiR02), 5 By BEAE 320~490 °CIRE X MY, 4
WG ) B s BRI, 8 SR B S i Ko
A R AR A . B B B A B O AR
5% . EP-50 A BE MR AT 5 SR S0 B A ABL, AR
P Pl 2R 1T LIRS B E R 48.9 wi%. H Ty,
WM EARENREGEN, HRFEME Ty, A
169 °CHE 3 7283 °C, 4L-4BIERI B E#R S T
BERERARE M. X — B E =T HK T LA
TIVMHZE: () ZFEEE 1) Si0, 578 )2 78 244
IR T A BRI R, RESE T IR S
=B (2) TR T 28 B KHS50 12415 5]
NI ATMETE R T s, s 757
MgEEr, R 7B EE R, FETt 7 AR
R RRER; Q) mMEE. mAREEN
Gd,05/Bi,O; SR A A NAR EAH, X #de e 1
X BARI R AR AT “Fake” 53
IR 3P I A% e A A ST AL S A PR T R
SEVERI SRR, BAOR 1 IR ZEAERIAET T 1N H
A FEPER],



43 R AL AR SRR S L LB dE BERT TT 933

a -

100l @ EP
— 80F
§
5 60t
[
2
= L
§ 40 .
é \

20¢ m \

\
N
ol -
0 200 400 600
Temperature (°C)
(b) Before heat aging

100 - - — - After heat aging
< g0t
=
=
o
2
E 60
S
5}
o~

40

20 . . .

0 200 400 600
Temperature (°C)

Fig. 12 (a) Thermal stability of EP and EP-50 coatings; (b)
Thermal stability of EP-50 before and after aging.

N T VIR R AE L PRI N KA IR AR e
P, X EP-50 #E47 100 °C T K i 8] #4424k 5256
WE 12(b)Fr7w, 168 h 5 i &K 90.15%, TGA
MhZIEAW G AN, RPZFIHERAERT TR
JEIVFIAFA A ARIRLRE A7) B LR RS S R 1)
S G, ARG T RGN
AT R A7),

2.5 fL-t-MEE SRR EMVIAIERE

LA AR E AU M e dE I g
RIS, AFFAEREE A RE R
Wi R Q] 13 R . R SR 3R 2 (BP)
Fr AR 58 B A 44 MPa, 1 B AR N 4.8% I K AR I
R BEAE MR, MORH B 08 A R
TH, W RSB CT B . KHSS50 Sk W35 o0
TR, WD T HIERIS, HRME R R
FHREWE A BURES T, (R G B AN S R 1 =
SE A, RR A RN ), S
GZAELEE L A, B HR T2 R T R
TR IE AT RE 51 IR R B S SRR P 8 g, i
IR R R RARIE T LR T8 o MR A R I
“% AHEMEE 7 EIEE] 70 wt%, BP-70 (1) /1%
PEREGLIN, PRI s i ki S B0k R, M
FIE AR . R RERD AT R B RS, &K
T N30 mm x 3 mm, JEEN1Smm, FiEN
0.4 g It EP-50 i AT LA 500 g 1B 45 A3
T, REMELEA RN IR

WIE 14 fros, @Y stk 7 &
HIRETERR 6061 4 BIRERE, 7F25.0 mm x
12.5 mm IR EE X N B 51 E 5, B S
SMOEATREE, SRR b 5E e s Bk A T
BB I AL EREAT BT U . B AR (1B 1)
SRR, X2 RO SR i 5 0 A P S B &5
GG, RS . SRR 5/ B sR T R
JERIPE, b T AR AT, R SR
R Si—O—AMLAHEE, WRIZBIIE B &I
EP-50 [ 85 )5 5 ] LLIA 31 25.80 MPa, iXf4 7
ALK BAIE L T25, PR T 564 1) S i1 2 g

90 - 6 (b)
(@ —o— Tensile strength
—4— Maximum elongation
80 1°
= S
z |, <
£ %
) 2
) 38
E60f S
2 £
Z 12 E
& 50t E
11
40t
0

0 10 20 30 40 50 60
Filler content (%)

70

Fig. 13 Mechanical properties of gadolinium-bismuth-epoxy composite shielding coatings. (a) Tensile properties of composite
coatings with different filler loadings; (b) EP-50 loaded with 500 g weight.
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Fig. 14 The bonding strength of gadolinium-bismuth-epoxy composite shielding coatings. (a) Schematic diagram of single lap

shear test; (b) Optical photograph from the tensile test; (c) Shear performance of composite coatings with different filler

loadings.
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Research Article

Preparation and Shielding Performance of Gadolinium-Bismuth-Epoxy
Composite Coatings

Yan-he Wu', Yu-shuai Cheng?, Zheng-ke Wang”
(Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310058)

Abstract To resolve the problems of traditional lead-based substrates, such as low shielding efficiency in the
energy range of 40-88 keV, biological toxicity, and the deterioration of mechanical properties caused by filler
agglomeration in epoxy matrix, we put forward a “core-shell structure optimization-surface chemical bonding”
strategy to fabricate gadolinium-bismuth-epoxy composite shielding coatings. Using gadolinium oxide and
bismuth oxide as the cores, Bi@Si/Gd@Si core-shell nanoparticles were synthesized. Subsequently, the amino
groups were introduced onto the surface of the nanoparticles through KH550 modification. Finally, these
nanoparticles were compounded with epoxy resin. After ultrasonic dispersion and a heat curing process, the
gadolinium-bismuth-epoxy composite shielding coatings were successfully fabricated. Both the thermal stability
and mechanical properties of the composite coatings were enhanced by incorporation of fillers. The bonding
strength of the composite coatings (with 50% filler loading) reached 25.80 MPa. The X-ray shielding efficiency
of the coatings for '?° source was 93.8%. The theoretical thickness required to half shielding of the intensity of
y-rays from '3’Cs source was 3.63 cm. This coating combined high bonding strength and excellent shielding
efficiency could be applied to the equipment via spraying or other techniques, thus presenting broad application
prospects in fields such as nuclear power plants and space station protection.
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