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Effects of the amount and size of hexagonal boron nitride on

the radiation resistance of silicone rubber
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(School of Nuclear Science and Technology, University of Science and Technology of China, Hefei 230026, China)

ABSTRACT To enhance the radiation stability of silicone rubber (SR) and ensure its safe and reliable
performance, hexagonal boron nitride (4-BN) was incorporated into SR as a functional filler. The effects of the filler
amount and size on the mechanical properties, thermal stability, and radiation resistance of SR composites were

investigated. The mechanism through which 4-BN improved the radiation stability of SR was explored. The
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experimental results of stress-strain and hardness tests showed that the SR composite filled with 20 parts of #-BN

(BN/SR-20) exhibited excellent mechanical properties. The tensile strength, 100% constant tensile stress (S,,,), and
hardness of BN/SR-20 improved by 5.9%, 69.1%, and 15.6%, respectively, compared with those of unfilled SR (SR-

U). BN/SR-20 displayed higher radiation resistance than SR-U, and its tensile strength and S,,, were significantly

better than those of SR-U in an ionizing-radiation environment. A larger transverse size of 4-BN was found to be

more effective in slowing down the radiation-aging process of SR. In addition, gas chromatography analysis of the

radiolytic gas (hydrogen) yield and oxygen consumption of the composites and free-radical-scavenging experiments

revealed that the addition of #-BN reduced the diffusion rate of O, in SR and enhanced the radiation resistance of the

composites.

KEYWORDS Hexagonal boron nitride, Silicone rubber, Mechanical property, Radiation resistance, Diffusion of

oxygen
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Table 1 The formulations of BN/SR composites

Fdh SRgum FS  SiOH #-BN  DBPMH
Sample / phr /phr  /phr  /phr / phr

SR-U 100 30 8 0 1
BN/SR-1 100 30 8 1(B2) 1
BN/SR-3 100 30 8 3(B2) 1
BN/SR-5 100 30 8 5(B2) 1
BN/SR-10 100 30 8 10(B2) 1
BN/SR-20 100 30 8 20(B2) 1
BN/SR-B1 100 30 8 8(Bl) 1
BN/SR-B2 100 30 8 8(B2) 1
BN/SR-B3 100 30 8 8(B3) 1
BN/SR-B4 100 30 8 8(B4) 1
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WHE, 25 °CH2H0.867 g/em’s

h-BN i B H HH 2L g 778 i DPPH H HH A&
BRecag i f3, HAARCEE . FE 0.1 mmol/L
DPPH LB, BEGIRAF . BCE 0.8 g/L 1.2 /L.
1.6 g/L F12.0 g/L ) B2 & h-BN L. B4y HUil,
AL 20 min AR S B 5T AR B OB 4y
BN 2 mL DPPH & BE ¥ # A1 2 mL A-BN 73 HOH
TERFES A SAAEN N2 mL ZFE 5 2 mL h-BN
LAY EORR A5 X8 2H B 2 mL DPPH fif % i Al
2 mL LBRE TR . BT A FF i S fR 17 30 min,
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Fig.1 Cross section SEM images of SR-U (a, b) and BN/SR composites loading 1 phr (c, d), 3 phr (e, ), 5 phr (g, h),
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Fig.3 Tensile strength (a), S,,, (b), hardness (c) and E, (d) of BN/SR composites loading different amount of 4-BN

060201-5



MRS ES LY %M 2024,42:060201
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(©)

o} BN/SR-20 __ 365°C
=l = : o
50 A = |-BN/SR-10 2373 \c
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Fig.4 TG curves (a), DTG curves (b) and DTG magnification view (c) of SR-U and BN/SR composites (color online)
#2 SR-UMIBN/SRE &P ERE S
Table 2 The TG data of SR-U and BN/SR composites
B Sample T,./°C T,/°C T,/°C B AT / % Residual mass fraction
SR-U 374 539 662 24.3
BN/SR-1 380 542 638 23.8
BN/SR-3 382 540 624 234
BN/SR-5 380 543 612 25.6
BN/SR-10 373 532 587 26.2
BN/SR-20 365 524 33.0

2.3 h-BNEFREN RGBT TR E NN

N T T h-BN 7S B X ek A T A e 1 i 11
S, ¥ B BN/SR-3 Al BN/SR-20 /F y SR-U X Lt
B, X =35 7E H B S PR 85 b g S A A P R
(A FE B HEAT W RO W S PR, fE SR
R RE y ST EREEIR S, BT R R SR AN B, 3

W PR VA7) 2 8 KT AR, T S TR T 38 K
HAFERM 2, 7EWRIGHE<150 kGy B}, BN/SR-
20 fAy bz (5 B2 A0 S, B 2 5 T SR-U, 1M E, {45 SR-
UHEIE . AT Rets S8 g T B 1 b 23 B A-BN XHRE
G T 8 S VR BE (R RE R, X RE S TE SR IR S & ) 2
PERE 1 OR B B AT T R RS ME R B 5 R 4R IR
BPERERE I E b, FIF3R 3. R MismE (R
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Fig.5 Tensile strength (a), £, (b) and S, (c) of SR-U and BN/SR composites after y-ray irradiation (color online)

#3 SR-URIBN/SRE AR 1SR EE

Table 3 The retention of mechanical properties of SR-U and BN/SR composites

MR B / KGy FE b T A 568 5E PR P EL / % E,fREEE / % S0 PR EE / %
Absorbed dose Sample Retention of tensile strength ~ Retention of £, Retention of S,
50 SR-U 90.7+13.1 81.4+8.5 121.1+3.3
BN/SR-3 96.6 +9.1 82.0+5.7 125.6 £3.7
BN/SR-20 88.3+9.1 723+55 124.6+2.9
100 SR-U 81.7£15.0 66.2+9.4 143.7+3.9
BN/SR-3 85.0+ 8.4 65.7+6.1 149.5+3.6
BN/SR-20 81.6+£6.0 62.3+4.0 150.3+3.3
150 SR-U 75.7+£15.2 547+93 172.0 £4.7
BN/SR-3 85.1+8.9 553+49 181.3+53
BN/SR-20 77.0+4.9 53.4+53 162.8 £4.6
@ 100 F ®) 400 F
SR-U BN/SR-3
80 | 80 |
fi: 60 F f:j 60 F
=) 5
2 40 f — s0koy 2 40 f — s0kGy
—— 100 kGy —— 100 kGy
20 f — 150KGy oo b 150kGy
0 1I00 2.00 ?:00 4I00 5I00 6.00 7.00 800 0 1.00 2IOO 3IOO 4.00 5.00 GIOO 7IOO 800

Temperature / °C

Temperature / °C
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