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Recent progress in irradiation-induced aging of silicones

CHEN Hongbing QIN Ziming WANG Pucheng LIU Bo HUANG Wei

(Institute of Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang 621000, China)

ABSTRACT Silicone rubber are widely used in engineering for their excellent properties. When exposed to high-
energy rays or particles, such as existing in aerospace and nuclear power plant applications, silicones would age. The
irradiation-induced crosslinking and radiolysis lead to decreasing of material properties and thus influencing the
service lifetime. Many factors affect the aging behaviors and make it hardly to predict. This article reviews the recent
research progresses in this field and summarizes the effects of absorbed dose, dose rate, environment factors, and
additives on radiation aging of materials. In addition, the characterization, simulation and modeling of irradiation-
induced aging are also discussed. The thorough survey of the current literatures offers useful guidance to predict
lifetime of the silicones.
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FERIRA R AR IR R IR B, AR L %
THER PR S — MR A A A 22 K
W5, AT S B il TR ARSI
Jl 2 FLAGH s B AP RERE A TR BREE (R ED
RANFERR I, AR AL 5 e f R BLIRAS 2 4L
ghik; PR DL EPTR ORGSR T BR
TRRIEM B SR R Ah, REIRIR R A E R
PIvEA AL, H R AR,

FEEAR B H T R 5% U 0 P R A AN i A 85 v A
F e A 2 R B A% F AT, X B3R B R Y
i BERR T 2 T BUREAR AL, M52 w4 R ) 4
REA AR AT A o

XKL ET, BRI RS Z 2 3
WEFE 2 RE. TR MBI RN,
FESRIET T RS 2 AT NI IRA7 Bk . ALK
BT RPRHL R A PR DR R R S SR R R AR
RS R S . Sl T AR A
() RBERAE 75, T AR AR 4 5 2 Ak 1 52 e A
B A] O AR R AR M B A B A Y
S L)

1 ERASN

1.1 BHEHE

Charlesby 55 "' 7F 1954 4 B YR HRE T % fik 4
KRR S 208, HO R R AR SRR T, A
FEEFE 5K 10 750 315 L P 220 5 0 B B B B3R
BE T RHE S S L PR S 2, 3 FIOb R Se
SRV 5) L  T W, BPRLARRE O, SRAR P E0y

THEMBBE R, UL ARG 45 5 A it 2 3
P ARG o

TRV A RHAR IR S 5 RS R & A2 AR TR 4k 2
A, BIACHCE Bt m, MR, R, M)
FYEREM ARG, R 2 FLAE /T g T B0
BEE ™ ERHG . BENHEE . E%8
2 ) OB FRAR T RS i

IR IR AR e 3% T HH o 1 T A R Ik e . RO
BB 40 By 1k 7 — PR RE b T RSB, R
BRI R TR RIRE . RIRFE (Z110%) K
LRI 5 1K 6 M AHAR BT S A, B ik
JEIRFE (40%) MIPRIF RN T2 2 803 AN,
AIRETE MR 2R, BRI e —Hr =
B BTN RN A AR M A A I i
B

1.2 EETEBRE

WEF T B FHEIE (150 keV) X B ERERR I 1)
W E R RVLE . ERMREE T, WM ER
I SRR AN, BT AR R ) o A i 52 AR A i
o AR IEE RN, BEMERSN FERL, MR
(P A 5 P B AR s 40K THO, U ME RIS IR B
EE MQEEMTHE ((CH,),Si0, 45 AM; SiO,, 45
Q) HEH AT FHEREPERE " /NT200 ke V I T
T4 BRI R R AT HLEE A )
h B B R B A T

RN EEAS y SHERIAFAE, REW2ib 7485 3%
R FRIE R . Ay SR S AR R S
afi y S R 5 FRAR AL RS, RIS BUORE ) A2 G AT
fififk, 00,

FERR I AN R R R AU 3R B, AR R ILA
By Ak, T MR R R B SR, MR ER K
PEFEAR 2,

AL, B yATER. PRV AMR S AN ] R
TP 5 e A S 0T 22 PR AR IS ) 2 A A 3 ALk sg
PERE A H BURE I ) 2 A5, HEI 22 4k 1 A
& TR MR R TR BE = BT 2 201 .

13 BRI

FEEAR R PO IR 7 B2 2 A A S8 RO 7 7 AR K
(R 1], ERFER R T RETEARFEZ A K
K, FEEIAR . LR R S5V 2 E N AR
IR S PR B T R R LUAAIR . RIE, TR
REAIRE FEAR R BA R AE. FTFCAIL, £E 250 Gy/h

030101-2



MR ess . RERR AR 2 AL i Ut

%1000 Gy/h =% AFREE (25~150 °C)
RS CEAERE A IR W AR AR
(PDMS), AT PDMS Fl& — R e hek S e 5k [ 1
PDMS) A5 R L H B & (5= R0 B F Ak,
£ 92~6.2x10° Gy/h [ ] & Z ~ , PDMS H 1 R W
223 BH S P57 B RN B K A IR RO R
5, 10° Gy/s HL 48 HE Y — S A0k S 70 K SRR AR IR
HILE 1.4 Gy/s y 55 2858 HE 0 H 2058 7™ 5 4145 0
1.4 Gy/s %5 HRFE i S IK 2208 185%, 11 10° Gy/s
2RI N 0.4 MGy) MK HE R 132%, X572
3 AR ) B R A A P A 3 s AR AR R B AR
SCHRS MG A B HEAT AT RS, RV R BAS [ )
HERPCRAMERGEREARN, v feEM BRI
[FRE R IEAAHFE

High dose rate

Low dose rate

High dose rate

Low dose rate

TEE Y IR 1Ay S 2 A IR A s R 7 B R M
A BT AR R T, e VA P 0 AR e
AR, ARG Pritm. BT E eItk
(ESR) i &7r, MEHEBARMFER T /A E
Z M E X2 DAY ERE WAL, R
HEWT, TR RN H A OB
AR Z A FE S 5ER (B 2) o 38 37 B 5 i [
KR = IR HT I T A RAR W], AR AE AR
FIER CGREPE) SRR TR E™
HAHE . BAR, FIERMNATRERZFZHR
FRIRZI , IR B A 5 A B3R A0 1 0 A P
AREET, MRIEABIERE, XA REZE A
WEFEN R IBIF T 45 R A [ A S A o

High dose rate

-8 %
—_— -.s

Low dose rate

High dose rate

Low dose rate

. ) -
0O, Network structure  Radicals at the network ~ New crosslinking point  Oxidation layer

2 ANV IR & R RN TR @) A2 (o) R S LB R & B0
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