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ABSTRACT Vulcanized hydrogenated butadiene-acrylonitrile rubber (HNBR) without the use of vulcanization
reagents was cross-linked by vy-ray irradiation. The vulcanization behavior was investigated at the absorbed dose
range of 0 ~ 300 kGy. The micromorphology and dynamic mechanical properties were characterized and analyzed
by dynamic mechanical analysis and scanning electron microscope, respectively. The results indicated that the
HNBR sample was vulcanized by y-ray irradiation without vulcanization reagents. With an increase in the absorbed
dose, the elastic torque simultaneously increased when the mold filling deformation decreased due to the cross-
linked reaction of HNBR. The HNBR sample exhibited excellent mechanical properties and oil resistance when the
absorbed dose of 200~250 kGy. Compared with the chemical-vulcanized HNBR, the retention rate of tensile strength
and the elongation at break of radiation-vulcanized HNBR increased by 24% and 39%, respectively, in air at 150 °C
for 70 h. Moreover, the compression set of the radiation-vulcanized HNBR (46.20%) was lower than that of
chemical-vulcanized HNBR (58.56%) after being immersed in 903# oil at 150 °C for 24 h. The results prove that
radiation vulcanization improves hot-air and hot-oil aging resistance and is, thus, expected to achieve both high
performance and long service life.

KEYWORDS Hydrogenated butadiene-acrylonitrile rubber, Radiation vulcanization, Technical property, Aging
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Table 1 Composition of the generic HNBR
JER R A B C
Raw material
HNBR3446 100 100 100
ZnO - 4 4
R SA - 1 1
TSI Microcrystalline wax 1.5 1.5 1.5
7271 4020 Antiager 4020 15 1.5 1.5
[ #37 RD Antiager RD 1 1 1
C5#}Jig Resin C5 3 3 3
fii /& Carbon black 75 75 75
TR Sulphur - 0.25 0.5
{23255 Promoter - 1.5 3
HE Others - 1.25 2.5
471 In total 182 190 193

i AT AN S A IS PR AR AL R O RRAG R 77 s B T 7 &
TR A i 51 55 C AR TR AERR AL 7R AR Ak e 2t 770 C BE T f—
e CHCJ7 2 IEH HNBR C 77 Jir it BB A 0% 12 771 L Bt A4 771 A0
A fie it 77 o

Note: A composition do not contain activator, vulcanizing agent
and promoter. Vulcanizing agent and promoter of B composition
is the half value of that of C composition, which contain normal
dosage of activator, vulcanizing agent and promoterin HNBR

sample.
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Fig.1 Relaxation and cross-link density of RV-HNBR
samples with different absorbed doses
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Fig.2 SEM images of RV-HNBR samples with various absorbed doses
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Fig.3 Frequency dependence of Tand (a), S (b), and mold filling deformation (c) for RV-HNBR with different absorbed doses
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Table 2 Mechanical properties of unvulcanized HNBR with different absorbed doses

SEIG 4% Sample number A150 A200 A250 A300
i F (AF A) Shore A hardness / J& 79 81 83 84
100% 5 {# . 77 Tensile strength at 100% / MPa 8.74 10.72 12.68 14.38
B3R Tensile strength / MPa 15.04 17.09 17.3 18.87
I {1 K3 Elongation at break / % 249 202.5 171.28 168.05
I JE R FAR 1L 2 Volume change rate / % 26.34 23.77 22.55 22.41

T R ARG ZEARAE 150 °C 19 903#b5 kil HHiR6 24 h B J5 AR AR LIS L, 4% GIB250A-96 AT A, T [
Note: acroding to GJIB250A-96, volume change rate of HNBR is measured after being immersed in 903# oil at 150 °C for 24 h

(similarly hereinafter).
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R AT SRR B TR AR o b TR G S TR AE
I 8 R AT, AERR S SRR R IR AR AL RHE
R AR T T
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5 SRR A AN A 2 B A S TR B ) S T AN [R] S
TS TR, 1 RE R Y C - C B (B RE 352 kJ/moD) , 1
FmfER AR R TR = B R C-S - C
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C-S —CHt (R /N T 268 kl/moD"™ . C-C 37 B4k

-‘  k "'*‘B\ﬂi? e \~ N
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A I A2 TR B e R B , 8 S B AL AL 22 BRAL AT A7 7
WRER . N T SRR AL AT L,
ATHN % T e ERREAL , R SR AL iR AL RN
SEAA IR AR, 3 Tl Ak 7 A I T QR
IR MEZE) 1) SEM K an 1 5 FioR , 1% = A1k 261
TR PR R AR RL L 35 A T R R IR, A
2R, T3 B S B A AL, ) 2 R R e 5
FEARMFE (K3 . 5645 55 AR (A2500 11
100% 7€ {81 3. ) 85z e » T ik W7 A K S B I 58 A0
B A BRE (COO I 5 2 A Jz, 100% 5E 181 3. /7 B K 1
IR W 2R g e s PR S B AL /AL S B AL R (B 100D
PERE & 1, 3X A& 1 C-S,~C [ ) i S e A Bk
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~ oGO
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Fig.5 SEM images of HNBR with different vulcanization methods
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{18 B 5 R 100% 7 1 . 77 3G 085z 2D,z A 5t P2 A0 il
W ER K S5 LR RE S A i 5 1T CO (AR A6 5 2 A I,
HT100% 7€ 1 [ 77 34 I 5 22, S e 58 5 R ik 7 i <
REARFFR A BI00 & T W& 2 1. 5 CoMLL,
A250 F7 A58 FE LR FF RN T 29 24% , FEBr{f < 2 47
FEZHN T 2939%, MR R T 1 1, 1l B o
WAL AE o S A7 TR A A A A TG AT B
L. 15 903# b5 1 HH &3 150 °C, 24 hiR )5,

A250 fiff FE T 100% 78 i B 77 PR 45 28 5 e » CO e A1
B100 J& H 5 Fi7 {5 B AHE W 4 5 OR K5 2 B100 £
i1 5 A250 F1TCO AH 24 5 A FA AR Ak 22 A 45 7K A A2 T
A250 f i, CO 5t /&7, 11 B100 J& o 3 i % b R 4R
P AN = 0 2 TG 1A 4 S B AR o R B, 3 S
A TR 2 1k M B EL AL 22 B AL AR B T 22 A1
RELF™ ), CRESRE VBN i 2 E 4 k) Fa St ik
oAb 2=t de B B R s
Kl 6 4 3 Al 4k 77 AR FE ) DMA 5256 25

R3 ARARBRFAREEET R F R
Table 3 Aging properties for HNBR with different vulcanization methods

iR FESN 5 Sample number A250 BI100 Co
itk 251 Vulcanization condition™ — 170°Cx10 min ~ 170°C x 10 min
+150°C x4 h
oinTERE f# & (1 A) Shore A hardness / Ji 83 83 83
Initial properties  100% & {H1 )i }J Tensile strength at 100% / MPa 12.68  10.53 8.64
FrAfi58 JF Tensile strength / MPa 1730 17.34 17.74
I K7 {14 3 Elongation at break / % 171 284 290
PR WEREHR A) / B +1 +4 +5
ZiE? Shore A hardness
Hot air 100% 7E T R/ % 1233 1378 166.1
ageing Retention rate of tensile strength at 100%
PSR RAF AR / % 130.6  121.2 106.7
Retention rate of tensile strength
AL R AR % 89.0 655 49.7
Retention rate of elongation at break
o I v fii & (A A) Shore A hardness / J& -15 -18 -19
Rie© 100% 7E {113 /1 R 155 Retention rate of 69.4 662 63.8
Hot oil tensile strength at 100% / %
ageing Fr 5 {7455 Retention rate of tensile strength / % 95.6 1024 97.7
HIE W 45452 Retention rate of elongation at break / % 1332 135.6 131.3
IARFUAE ALK Volume change rate / % 22.55 24.46 25.98
R4 7S IE Compression set / % 46.20  56.78 58.56

7 :"B100 5E#E1T 170 °C * 10 min #ABAL , SR J5 HEAT 100 kGy 4R HERD S8 HRAR B ; CO SEHEAT 170 °C x 10 min — BEAGAL , SR )5
BEAT 150 °C x 4 h —BUAGAL . OS2 AF: 150 °C x 70 he OFE 903#R LI, 150 °C I FE R 24 ho

Note: "B100 was vulcanizaed at 170 °C for 10 min and then was radiated at an absorbed dose of 100 kGy. CO was vulcanizaed at
170 °C for 10 min and then at 150 °C for 4 h. ®Hot air ageing condition: at 150 °C for 70 h. ®Immersing in 903# oil at 150 °C for 24 h.
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Fig.6 Temperature dependence of Tand (a) and £’ (b) for HNBR with different vulcanization methods
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