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Table 1 Composite materials ratio.

SRR 4L WS

Volume fraction of lead oxide =~ Matching program

0% PbO m(RIBEILJE M i polyimide resin):m(BkZT 44T CFRP) =2:1

5% PbO m(RBEEM G polyimide resin):m(BRZF4iAi CFRP):m(%EALEY lead oxide)=2:1:0.36
10% PbO m(E B g polyimide resin):m(BREF 44T CFRP):m(%E AL 4 lead oxide)=2:1:0.76
15% PbO m(GRBEEM G polyimide resin):m(BRZF 44 CFRP):m(%E L4 lead oxide)=2:1:1.20
20% PbO m(EBE W g polyimide resin):m(BREF 44 CFRP):m(%E AL 4 lead oxide)=2:1:1.70

T2 AHEPETEREB (%)

Table 2 Percentage by mass of each element in sample(%).

S EYV AR B H N 0 C Pb
Volume fraction of lead oxide

0% PbO 0.88 2.44 6.98 89.70 0

5% PbO 0.78 2.18 6.99 80.13 9.92
10% PbO 0.70 1.95 7.00 71.64 18.71
15% PbO 0.60 1.80 7.01 64.10 26.50
20% PbO 0.56 1.56 7.02 57.23 33.63
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E1 AR PO &, AREFEERE. ARG R TR T &R
(a) "Cs (ABEIERER 0.662 MeV), (b)*“Co (£fEIERER 1.17 MeV), (c)“Co (&fEIERERE 1.33 MeV)
PbO AFL 4L m 5%, @ 10%, A 15%, ¥ 20%
Fig.1 Photon transmittance with different PbO content, energy and thickness.
(a) ¥'Cs (almighty peak energy 0.662 MeV), (b) “°Co (almighty peak energy 1.17 MeV), (c) ®°Co (almighty peak energy 1.33 MeV)
volume fraction of PbO: m 5%, @ 10%, A 15%, ¥ 20%
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Table 3 Volume fraction of 20% PbO photon transmittance of sample.

ORE R JH£k BE 7 Ray energy / MeV
Sample thickness / cm 0.662 1.17 1.33
0 1 1 1

1 0.818 0.871 0.879
2 0.672 0.758 0.772
3 0.551 0.661 0.679
4 0.453 0.577 0.597
4.8 0.386 0.515 0.539
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Fig.2 Schematic of shielding performance test
detection devices.
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Fig.3 Photon transmittance of composite.
m 1*'Cs (almighty peak energy 0.66 MeV),® ®°Co (almighty
peak energy 1.33 MeV), A ®Co (almighty peak energy
1.17 MeV)
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Fig.4 PbO particle morphology under different magnifications.
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Table 4 Changes of mechanical properties in materials.

R / MPa
Flexural strength

Tl A R / MPa
Flexural modulus

hiAH5RE / MPa

Tensile strength

hrffga i E / MPa

Tensile modulus

AN PbO $EEL No PbO filler 260
M 15%PbO 3EEl Add 15% PbO fillers 238

26 000 373
24000 369

56 641
41 862
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Fig.5 Bending (a) and tensile (b) stress strain curve.
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Fig.6 Changes of irradiated composite tensile strength and modulus (a) and the bend strength and bending modulus (b).

K 6(a) i KR AEAN [ AR S i) AR e, Tk
AR PR RE AT . BT A, R
AE L BUSEHE KRR/ NS . X R TREEHE
2 I8 I 2 i 7 AR AT IR AN W B 2R 5 A T 2
FHBLSZ BARIRE B 2R R RSSO AL, A i 2
R AE—ERE LR R Ak, [N A4 52 2148 I S i
T DX ISR A — A% W 28 5y, 3 BURD L 9 B 5 v 5
B R RN, BRSO SRS,
HE 51 R A S SR T R R oy T B IR, (A T 2
Ry 7B, FHRBURRE R AR A AR, I
BOREREC. HEETEE e —EREE, K8k
AT B 25 SR 10T, AT A R R e it P2 A I
ARG, (o), RS S AR 5
JEERIIES o e ) e o« L R E TR U
SEPRHOBIRE . PRGN, AT S 205 o B AN
PREI K. HIRREZ TN, BR T AT 52 58
KSR S N 2 A, HEAR DT SR A —

=
TE S

3 Z5iE

IS TR PoO/ ik 2F 4k 1 ik S e WU e B 2
R0 B i e AR IR AR 5 1k BE T TS L, %
S EMELEA R H0O6T B sk REAN B = 1 151
e, T THINR 20 . R PO SRR
T BRI R R LA SR O BB g 2 R R I e
RIL, HK POO & B SR TR T B dlc 3R
B3, HKH PO SRS EMME SR
FIERE, E AN R R RS/ S5 — AR R . HRE IR
I, BEE ARSI, BRET A R S
it S5 R AR o e i P AN 25 g 5t P2 40 55 A U/
A PORI L {5 P it P B 0 n 2 B S 4 K
JER/INIIE S o AR 565 RS B
R RN R, A5 el S R E IR IR A%
SEINEM R HE AT R I AL, B SR 15
VEREICH MR TG 1o 45625 I AR a1 B
M ERE AR SZ B St e, FLAEBR I By B
LR A EA BRI 71

100202-5



L7 S N

2013, 36(10): 100202

B3k

1

MRk, iieenk. 7Y £ 4 8 om IR O i R S AR
Wik S e 7 BE MM REREFLL0]. T REREFAEOAR, 2012,
46: 703-707

CHEN Feida, TANG Xiaobin. Preparation and neutron
shielding performance of new type fiber reinforced
polymer matrix composite[J]. Atomic Energy Science and
Technology, 2012, 46: 703-707

B, ook WEME BLOsMR I E A MR % K v 5
2k 4R 5 By B MR RE W ST (D). BhBE A ORE, 2013, 2(44):
216-220

WEI Xia, ZHOU Yuanlin. Activity Bi,Os/rubber compo-
sites and y-ray radiation protective properties[J]. Kinetic
Energy Materials, 2013, 2(44): 216-220

RHL, FIEIR. OGR4 G on I8 v B W i It
BRI MEERLE 5 TTRESAR, 2007, 25(3): 363-366
SONG Yanjiang, WANG Xiaodong. Carbon fiber
reinforced thermoplastic polyimide and composite
materials[J]. Materials Science and Engineering, 2007,
25(3): 363-366

TOMOIG. TRV i 1 B8 S L St R (0. [ AR 2R
2003, (6): 19-24

HUANG Qiyou. Especially polyimide performance and
modification[J]. Foreign Plastic, 2003, (6):19-24

g, WL, B IR L ) A B S R RE D). 4
ZAHEHE, 2008, 30(5): 28-31

YU Xinhai, HU Zhiqiang. The new synthesis and
properties of polyimide[J]. Insulating Material Communi-
cations, 2008, 30(5): 28-31

MRAAR, SKRE. A S B R BRI 22 M. e 7RV
IRIE LRER A AL, 2011: 165-184

CHEN Boxian, ZHANG Zhi. Nuclear radiation physics

and detection science[M]. Harbin: Harbin Engineering

10

11

12

100202-6

University Press, 2011: 165-184

EM, AR, BRIk, S EVIRE4ERE IR B,CARE
W i 3 b 1 B ROPD R 0 A BRI TE (D). B BR,
2013, 36(1): 010205

WANG Peng, TANG Xiaobin, CHEN Feida, et al.
Mechanical performance optimization of neutron
shielding material based on short carbon fiber reinforced
B4C/epoxy resin[J]. Nuclear Techniques, 2013, 36(1):
010205

TREETT, BEK. W TAE XA g E S MR
RERZMI)]. AP A R RHAER, 1998, 18(1): 56-60
ZHANG Jianke, JI Yongfu. Particle irradiation on
mechanical properties of carbon fiber composite material
impact[J]. Chinese Space Science and Technology, 1998,
18 (1): 56-60

ZMh, EFE. BRAAER SMBH T5RT46 m IR
WEFC[I]. APEHRALEE 2230, 2009, 30(2): 25-27

QIN Wei, WANG Yang. Carbon fiber composite
integrated electron proton irradiation damage studies[J].
Materials Science and Technology, 2009, 30(2): 25-27
Seehra S, Benton D, Rosen J, et al. Effects of space
environmental condition on graphite epoxy compo
sites[C]. 29™ National SAMPE Symposium, 1984
157-168

Hufenbach W, Andrich M, Langkamp A. Fabrication
technology and material characterization of carbon
fiber[J].
2006, 175(1): 218-224

Bowles D E, Tompkins S S, Sykes G F. Electron radiation

Journal of Materials Processing Technology,

effects on the thermal expansion of graphite resin
composites[J]. Journal of Spacecraft and Rockets, 1986,
23(6): 625629



K UESE: CHTRY Xy D6y B mi B AT 4 5 R I W B R A AR BT A L RE

Design and performance of new type carbon fiber reinforced

polyimide-based composites for X/y photon shielding

ZHU Feng'? FANG Fang' TANG Xiaobin® WANG Peng” CHEN Feida

I(Nuclear Technology and Automation Engineering College, Chengdu University of Technology, Chengdu 610059, China)

2(Nuclear Science and Engineering Faculty, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract Background: With the rapid development of radiation technology, demands of functional and structural
integration have been put forward for the photon shielding material. Purpose: To meet this need, a new type of
carbon fiber reinforced polyimide composite has been designed and tested. Methods: Shielding properties of
composite materials of different PbO contents are modeled based on MCNP. According to the simulation results,
shielding material is designed and prepared. And its shielding properties, mechanical properties as well as
radiation-resistant properties are tested. Results: Through photon shield experiment and mechanical performance
experiment, the composite material has good shielding performance for photons. Its photon transmission rate at
thickness of 4.80-mm is 54.13% for *’Cs (662 keV) gamma-ray, bend strength and stretch strength at 1.2-mm
thickness can reach 263 MPa and 369 MPa, respectively. After 90-kGy irradiation, the stretch strength can retain
83.47% of its performance. Conclusion: Therefore, the material possesses great application potential in medicine and
industry such as gamma ray flaw detection.

Key words Composite, Photon shield, Transmittance, Tensile strength, Bending strength, Modulus

CLC TL77

100202-7



