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ABSTRACT

the viscoelastic losses, is strongly dependent on the polymer-filler interfacial

phenomena. The type of filler-polymer bonding at the interface and the extent
of mobility restriction of rubber chains resulting from the interaction by the filler are of
the critical ones. In highly filled rubber compound, the amount of mobility restriction
is almost dictated by the filler-filler interaction. Regulating the surface energy of the
filler can be an effective method to control the filler-filler interaction, to distinguish
the two interfacial phenomena, and to pave the way of studying their significance.
Methods: Ultrasil VN3 and solution styrene-butadiene rubber (SSBR) were of the
base composite materials. Using two silanes with a short and a long aliphatic chain
length, the surface of Ultrasil was modified in our lab to a certain level of grafting
density which could bring the required surface energy and the filler-filler interaction.
By controlling the surface energy of silica treated in the lab, and by making a
systematic comparison of the resulting composites, it was possible to study the role
of covalent bonding at the interface, the role of filler-filler interaction and severity of
mobility restriction and finally the role of silane chain length.
Findings: Fatigue crack growth experiment revealed that the severity of mobility
restriction and the filler-filler interaction of the composite have the highest impact
on the amount of viscoelastic dissipation and the rate of crack growth. The covalent
bonding at the interface can deviate the crack from growing in the original direction
and thus it may act as a physical barrier to improve crack growth resistance. For
highly filled compounds where the properties are almost dictated by the filler-filler
interaction, the role played by the chain length of silane is minor.

Hypothesis: Fatigue crack growth (FCG) of rubber composites as controlled by
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Fig. 1. (a) Grips with constrained tension geometry including sample without pre-existing crack and (b) fatigue crack growth mea-
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Table 1. The types of silica used and their surface properties.

Silane spacer Grafting density Polar component of
Silica types Design purpose
length (mmol, /mg_. ) surface energy, y;
Ultrasil - 0 30.4 The general impact of filler-filler
C3-silica 3 0.230 ~18 interaction
Evaluating the impact of covalent and
Coupsil 3 0.211 12
- non-covalent bonding at similar surface
*C3-silica 3 0.343 ~12
energy and filler-filler interaction
Evaluating the net impact of filler-filler
Cl6-silica 16 0.280 0 ) ) o )
interaction at similar type of interface
*C16-silica 16 0.061 ~12 )
bonding
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frequency of 1 Hz and temperature of 60°C.
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Fig. 3. Uniaxial loading-unloading curve for the Ultrasil com-
posite after 100 cycles of loading under the frequncey of 1 Hz

on the specimen with no pre-existing crack.
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Fig. 5. Crack growth in different samples: (a) original crack and (b) the crack deviated from the original path.
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Table 2. The G and dc/dN parameters of the Ultrasil composite for three strain values with reliable data.

Log dc/dN dc/ dN Log G G strain
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-5.27548 5.303x10¢ 3.786366 6114.564239 0.7
-5.08672 0.00000819 3.914501 8212.993416 0.8
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Table 3. the 3 values obtained for all the composites.
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Fig. 9. SEM images of rubber composites at the magnification of 10000.
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