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ABSTRACT : Cure characteristics, tensile properties, and dynamic properties were investigated on
the carbon black-filled natural rubber compounds, in which three typical vucanization types:
conventional vulcanization(Conv), semi-efficient(Semi-EV), and efficient(EV) vulcanizations were
used. The effects of vulcanization temperature on both the mechanical property and aging
resistance of rubber compounds were also investigated. The Conv cure system showed a slightly
slower rate of vulcanization than those of Semi-EV and EV ones. On the other hand, it showed a
higher value in the maximum torque of cure curve. Higher tensile moduli were observed in Conv
system than those in Semi-EV and EV ones, while lower elongation at break were obtained in
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Conv one. The tensile strength at break were found to be about the same for three cure

systems. Hardness, modulus,

and tensile strength decreased with increasing the vulcanization

temperature, and the degree of changes in the properties was found to be smaller for EV and
Semi-EV systems than that in Conv one. The EV system was found to be superior In

thermal-aging resistance to Conv one.
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Table 1. Compounding recipes and curing con-
ditions of four different rubber com-

pounds
Ingredients Conv  Semi-EV EV EV(A)
SMR CV60" 100 100 100 100
N110? 50 50 50 50
Zn0 5 5 5 5
stearic acid 2 2 2 2
aromatic oil 2 2 2 2
wax” 1 1 1 1
Santoflex” 1 1 1 1
RD® 1 1 1 2
TBRSY 0.65 1.25 2.0 2.0
sulfur 2.0 1.0 0.6 0.6

Cure Condition for an optimum cure time at 145C, 155T,
and 165°C

1) standard Malaysian natural rubber

2) carbon black: N, adsroption number: 143m%g, DBP
absorption number: 113m%100g

3) micro-crystalline wax

4) antioxidant: N-isopropyl-N" -phenyl-p-phenylenediamine

5) antioxidant: polymerized 2,2,4-trimethyl-1,2-dihydroquinoline

6) cure accelerator: N-t-butyl-2-benzothiazothiazolesulfenamide
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Fig. 1. Cure characteristics: rheocurves of

natural rubber compounds at 145C.
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Fig. 2. Stress(e )-strain(¢) curves for natural
rubber compounds vulcanized at 145C., .
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Fig. 3. Plots of tand against temperature for

natural rubber compounds vulcanized
at 145C.
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Fig. 5. Plots of stress at 300% strain against
cure temperature for various types of
vulcanization.
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Fig. 6. Plots of tensile strength at break
against cure temperature for various
types of vulcanization.
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Fig. 8. Retention in elongation at break, Rei,
as a function of aging time for various
types of vulcanization; Open symbol :
145°C ; dotted symbol ; 165C.
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