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ABSTRACT: Various physical properties including failure properties were investigated for car-
bon black-filled NR/BR (natural rubber/polybutadiene rubber) blends in terms of blend ratio.
To see the effect of carbon black type. two different carbon blacks were also incorporated in
the rubber blends. In the range of BR content below 40 phr (NR-rich range), the effect of BR
content on the tensile strength and tack property of the green compounds was relatively
small, but a considerable effect was observed in the range above 40 phr. Apparent cure rate of
NR was higher than that of BR. NR vulcanizate was found to be much stronger than BR one
in view of tensile strength, crack resistance, and fatigue resistance, however, it was rather in-
ferior in view of abrasion resistance, cutting-chipping resistance, and resistance to heat.
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Table 1. Formulation of Rubber Compounds

ingredients loaing level (phr)
polymer blend” 100
carbon black” 48
ZnO (zinc oxide) 5
stearic acid 3
aromatic oil‘ 6
accelerator? 0.7
sulfur 1.7
“Blend ratio of natural rubber (SMR-CV60) and high cis-
polybutadiene (BR-01) was varied from 100/0 1o 0/100 with an
increment of 10 phr. * Two types of carbon biack (N-220 and
N-375) were applied. ‘ Processing aid composed of mainly
aromatic oil. © N-cyclohexyi-2-benzothiazole-sulfonamide.
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Figure 1. Peak tensile stress, 0. of the green rubber
blends filled with 48 phr of carbon blacks (N220 and
N375) as a function of BR content.
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Figure 2. \ooney viscosity, 7y, at 100 C of the
green rubber blends filled with 48 phr of carbon
blacks (N220 and N375) as a function of BR content.
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Figure 3. Tack energy, Erack, at room temperature
of the green rubber blends filled with 48 phr of carbon
blacks (N220 and N375) as a function of BR content.
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Table 2. Cure Characteristics of Rubber Com-
pounds filled with N-220 Carbon Black

NR/BR Tmaxu Tmin[7 t401 IEC(’
blend ratic (dN.m) (dN.m)  (min) (min)
100/0 333 82 9.2 18.2
90/10 332 8.1 10.0 19.1
80/20 34.1 82 10.2 19.6
70/30 345 8.8 12.1 224
60/40 35.0 9.1 12.6 229
50/50 355 9.3 129 232
40/60 35.5 9.3 139 24.4
30/70 38.3 10.9 16.0 262
20/80 377 10.4 16.2 27.2
10/90 380 99 14.6 24.8
0/100 374 10.4 16.8 284

“# Maximum torque and minimum torque. respectively.

¢ A required time for rubber compound to be cured by 40%.

L\ required time for rubber compound to be completely cured.
which is defined as fyy> 1.1, where fy, is the time required for
90% cure,
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Figure 4. Apparent cure rate, V., at 145 C of -the
rubber blends filled with 48 phr of carbon blacks (N220
and N375) as a function of BR content.
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nized rubber blends filled with 48 phr of carbon
blacks (N220 and N375) as a function of BR content.
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Figure 6. Elongation at break, &,, of the vulcanized
rubber blends filled with 48 phr of carbon blacks (N220
and N375) as a function of BR content.
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N220 carbon black as a function of BR content.
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Figure 9. Rate of abrasion, A, of the vulcanized rub-
ber blends filled with 48 phr of carbon blacks (N220
and N375) as a function of BR content.
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versus aging time for various vulcanized rubber blends
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Figure 12. Blow-out temperature, T4, of the vulca-

nized rubber blends filled with 48 phr of carbon black
as a function of BR content.

BRo| NRd| H]8] ©] %& blow-out £%& vjehd
i1, BR #afo] Z7}3o] wal blow-out £%7}
dexoz Friste A$E Holx Urh BRe]
NRd| Hl&] #& blow-out £2& Yehlie Zde=
Gent$} Hindig] A7 A AME FAHRT o] gL
blow-out9] A& FFAE W] &A= ILE
Ho| AR ojgo 2 Frtsld mRUe FHE 7

Fo| Zats 49 cavitation® Qo2 A

F2lol A23A A2% 19999 3¢

250 - :

T, (°C)

200 T T T T T
0.10 o1 0.12 0.13 0.14 015 0.16

E (MPa)

Figure 13. Blow-out temperature, T, versus Young's
modulus, E. for various vulcanized rubber blends filled
with 48 phr of carbon black.
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