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ABSTRACT: Silica and carbon black filled natural rubber (NR) vulcanizates were prepared
with different mixing modes and amounts of fillers. Curing characteristics, morphology, and
tear properties of the NR vulcanizates were investigated. The NR vulcanizates filled with sili-
ca and carbon black sequentially showed longer induction time (£,), cure index (#q), and lower
maximum torque{T,,,) than the NR vulcanizates filled with them simultaneously, during
curing process. The former showed superior dispersion of fillers and tear properties to the lat-
ter. The NR vulcanizates containing 30 phr of silica showed excellent properties in the experi-
mental range.

Keywords: natural rubber vulcanizates, silica, carbon black, curing characteristics, tear proper-
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| Banbury mixer I

SEQ series vulcanizates

SIM series vulcanizates

(40rpm,| 100°C)
Natural rubber { Natural rubber
30 sec| 30 sec
ili i Silica, §i69, C/B
Silica, Si69 80 soc| 90 sec ili i

e

]I PEG

PEG
[ F—areom
S/A, Zn0O, Oil, SI/A, ZnO, Oll,
Wax, HPPD 210 sec | 210 sec Wax, HPPD |
Temp.|160°C
-
[ _Dump ]

(24 hrs.-gm;ient Temp.)

| two roll mixer I

(30 sec,{100°C)
DPG, TBBS, S Il DPG, TBBS, S l
(210 sec,[100°C)
-
I: _Dump ]

(24 hrs,l;maent Temp.)

(160°C, 500psi)

Figure 1. Schematic diagram of formulation proce-
dure.
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Table 1. Formulations of Silica and Carbon Black Filled NR Vulcanizates(phr)

code NR silica Si69 C/B PEG S/A Zn0O HPPD wax oil DPG TBBS S
SIN-10 100 10 3 60 2 2 4 2 2 2 05 16 1.0
SIN-20 20 50

SIN-30 30 40

SIN-40 40 30

SIN-50 50 20
SEQ-10 100 10 3 60 2 o Ty T 2 2 2 05 16 10

k4

F

Figure 2. Geometry of trouser test.
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Figure 3. Time required to achieve 2% cure of the
silica/carbon black filled NR compounds as a function
of silica content and mixing sequence.
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Figure 4. Time required to achieve 90% cure of the
silica/carbon black filled NR compounds as a function
of silica content and mixing sequence.
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Figure 5. Maximum torque of the silica/carbon black
filled NR vulcanizates as a function of silica content
and mixing sequence.
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Figure 6. Knotty tearing behavior of SEQ 10 and
SEQ 30.
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Figure 7. Image photographs of the fractured surfac-
es of (a) SEQ 10 and (b) SEQ 30.
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Figure 8. Tearing energy of the silica/carbon black
filled NR vulcanizates as a function of silica content
and mixing sequence.
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Figure 9. EPMA image of the silica/carbon black filled NR vulcanizates. (a) SIM 30, (b) SEQ 30, (¢) SIM 40, and

(d) SEQ 40.
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Figure 10. Crack growth length vs. number of cycles
for the silica/carbon black filled NR vulcanizates.
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