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Fig.1 Schematic diagram of crack growth test of

specimen with prefabricated crack
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Tab.1 Vulcanizing characteristics of compounds Tab.2 Physical properties of vulcanizates
a7 G [(WEiRE
5o H LEL JH : : ; ;
N 1" 2# 3# 4" 1 2 3 4
I VB BRIl (127 °C) /min 18,02 20.52  16.35 24.89 H /R ATURESE / 67 66 66 68
BALSCEE (151 °C) 100%E {1 7 11 /MPa 2.58 2.17 3.29 2.85
F,/(dN * m) 202 2.06 2.18 2.21 300%E i1 71 /MPa 12.99 12,02  14.30  13.14
F,./(dN *m) 17.31 17.83 18.69 17.50 PR i/ MPa 24.71  24.54  26.28  25.23
Frw—F./ (AN * m) 15.29 15.77 16.51 15.29 BLEC A/ % 546 542 548 540
t,,/min 436 451 3.93  4.25 FLWAKAALIE /% 20 20 22 20
t,,/min 5.71  5.68 5.20 5.53 WidamEE/ (KN » m") 116 110 118 110
10/ min 462 4.63 432 4.8 2.3 fESETESH
15/ min 12.43 12,56 11.96 12.32
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Fig.2 SEM images of tensile fatigue sections of vulcanizates
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Fig.3 EDS spectrum of tensile fatigue section of vulcanizate
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Fig.4 Fatigue crack growth curves of vulcanizates with
different formulations under 100% strain

5] 2 e T A B ) A BERLAR ORI S A 1 50
2 BE R — B, RIVE AR B RBURL B 22 I, B AR 1Y
T R B ik B L 22, 7 52 3 S0 0 A T A i
AN TR BE 7 B A TS )3 57 2R 0 1 i A3 15 4l 2
AeZ ] G R Ze an IS i, [ T Gl 24

3.0

)]
&
(3]

T

B IR ——

1g[ (dC/dN) / (mm +
I
o
T

/

=

_4.0 1 1 ! 1 1
25 27 29 3.1 33 35 3.7 39

1g[G/(J » m™)]
A El4
E5 AREEAFRURNES RoUEKEESHizEE
Z [BIH % 2 £k

Fig.5 Relation curves between fatigue crack growth rates and
tear energies of vulcanizates with different formulations
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Mechanism of Influence of Microparticles on Fatigue Crack of
Rubber Materials

WANG Jing',HOU Dandan’,ZHANG Chunsheng’, TONG Xiaogian’, WEI Yintao',

KANG Zhenran®, WANG Hao®
[1. Tsinghua University, Beijing 100084, China;2. Zhongce Rubber Group Co. ,Ltd,Hangzhou 310018, China;3. E-Rubber Technology (Beijing)
Co. ,Ltd,Beijing 100083, China]

Abstract: The influence of ordinary zinc oxide and nano-zinc oxide on the fatigue resistance of natural
rubber (NR) was studied. The results showed that,ordinary zinc oxide had a larger particle size and usually
did not agglomerate, but the large particles would cause defects in the vulcanizates. Nano-zinc oxide had a
smaller particle size, larger specific surface area and better activity,but it was easy to agglomerate and form
microscopic cavities in the vulcanizate if its dosage was large. Both ordinary zinc oxide and nano-zinc oxide
could cause cracks in the vulcanized rubber under the action of alternating stress. It was found that when
nano-zinc oxide was used to replace the ordinary zinc oxide in the compounds with a reduced amount by
20%,1it was uniformly dispersed in the vulcanizates, did not form any microscopic cavity and provided a good
activation effect. As a result, the physical properties of the vulcanizates were good and the fatigue resistance
was excellent.

Key words: fatigue crack; microparticle; zinc oxide; NR ; fatigue resistance ; micro defects



