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ABSTRACT : In this study, heat and crack resistance of natural rubber (NR) compounds was
evaluated. To prevent the effects of the crosslinking system, a conventional vulcanization
system was selected, where the accelerator/sulfur ratio was fixed to 0.25. Vulcanizates contain-
ing phenylenediamine showed high tensile strength and tear strength compared to other
vulcanizates because phenylenediamine can cause additional crosslinking and high dispersion in
the vulcanizates. In the pure shear test, vulcanizates containing phenylenediamine showed an ex-
cellent tearing energy which was due to the irregular crack path, and showed excellent heat and
crack resistance which was also due to the good dispersity of antioxidant and additional
crosslinks in the rubbber vulcanizates.
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diamine(KUMANOX, ~ Kumho-Monsanto  Co.,
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Table 1. Types of Antioxidants
Trade

name

H O Phenyl- #-naphthyl-
N Q NA amine
@ (mp: 107~1097)

KUMANOX| N-(1,3-dimethylbutyl)-
R—NHONH—R‘

Chemical structure Compound name

N’ -phenyl-
R . phenyl p-phenylene diamine
R’ : 1,3-dimethylbutyl (m.p: >447)

BLE(reaction products
BLE-N |of diphenylamine and
acetone) + KUMANOX

city » polymer of 2,2,4-trim-
CHy /== RD ethyl-1,2-dihydroqui-

CHS/C}i . noline
n(>) (mp: >75C)
o OH i) 2,6-di-t-butyl-4-methyl-
(CHs)y ) BHT phenol
(m.p; 69~70C)

tetrakis[ methylene

CH;
& 0 (3,5-di-tert-butyl-4-
" ;3 (ChRCocth \ IRGANOX| hydroxy-hydrocinna-
: mate)methane]
(m.p : 110~125T)

R : t-buty}
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(Zwick, Model ; TORSIONAL THRUST VULCA-
METER)<) 9} 349 AA 713 A2H(8% 10%)
T 160 Fot 3 ZalxoA AWtee ABES
A z8eich.

22 ™ N

ASTM D412¢] w2} dumbelld] A =S
UTM(Universal Testing Machine, Instron 4301,
USA)l A 2000N<] load cellZ 500mm/ming] &
E§ 283} ka9 AL (tensile strength)
T A% JAA A4S Wrkskadn. E, ASTM
D573 we} 60T 100C Y i 2o 48,
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Fig. 1. The shape of test specimens ; (a) Tear-

resistance, (b) Trouser tear, (c) Pure

shear.
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Fig. 2. Tensile strength of NR vulcanizates as a
function of aging time at 100°C.
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Fig. 3. Tensile strength of NR vulcanizates before
and after aging ; aging condition : for
96hours at 60°C.
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Fig. 4. Modulus of NR vulcanizates before and
after aging ; aging condition : for 96hours
at 60°C.
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Table 2. Crosslink Density of NR Vulcanizates ac-
cording to the Type of Antioxidants

Antioxidant | Crosslink density( X 10*mol/g)
BLE-N 4.626
KUMANOX 4.586
BHT 4.601
RD 4.503
NA 4.465
IRGANOX 4.456

100

Tear strength (kgdcm)

BLE-N KUMANOX BHT RD
Antioxidants

NA  IRGANOX

Fig. 5. Tear resistance of NR vulcanizates accord-
ing to the type of antioxidants.
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Fig. 6. Tearing energy of NR vulcanizates before
and after aging ; aging condition : for
48hours at 60C.
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Fig. 7. Crack propagation rate as a function of
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Fig. 8. Crack propagation rate as a function of
strain energy release rate ; after aging for
48hours at 60C.
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