Homogeneous Silanization and Optimum Loading
with PDPB Silane
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Common practice on the application of the silica-silane filler system involves in-
situ modification of silica with the silane during the mixing process. This in-situ
modification requires, in addition to an optimal dispersion, the precise control of
the subsequent silanization (chemical reaction between silanol group on silica
surface and silane) in the mixer.
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Deteriorated Reinforcement from Non-uniform Silanization
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There are some serious problems if a complete silanization proceeds before a good
dispersion established between silica and silane. First, it could lead to a non-
uniform silanization on the accessible outer surface of the silica particles, but once
the silane is consumed, no silane is left to modify the surface formed during the
ongoing dispersion process. Such an inhomogeneous silanization results in a
higher non-modified silica-silica network and a deteriorated reinforcement.
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Secondly, due to the fact that the silanes have three ethoxy groups, intermolecular
condensation reaction between neighbored silanes can also occur (secondary
reaction). This secondary reaction results in a further crosslinking of the silanes on
the silica surface. A dense inhomogeneous silanization could increase this
intermolecular condensation in the presence of moisture in the rubber matrix and



results in the formation of polysiloxanes. These polysiloxanes deteriorate an
optimal reinforcement and lead to a poor wear and abrasion resistance. Because of
this deficiency, compounder need to increase liquid silane dosage to compensate
this material lost to meet the needed physical properties.
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Optimum Loading through Homogeneous PDPB Silanization
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Pre-dispersed polymer bound silane (PDPB silane), unlike liquid silane, requires
shorter mixing time to achieve a good dispersion. It guarantees a subsequent
uniform silanization and completed primary reaction. The homogeneous
silanization achieves advantages on optimized loading dosage and mixing time to
meet the needed physical properties.
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Monitoring Silanization Process and Optimum Loading Determination
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Two experiments were discussed to validate the quality of homogeneous
silanization from PDPB silane and determine the optimized equivalent loading in
applying PDPB silane.

1. Measuring the quality of homogeneous silanization from PDPB silane

The quality of the homogeneous silanization reaction during mixing can be
monitored by measuring the dynamic Payne effect. Homogeneous silanization
with better dispersion and subsequent silanization shows a lower Mooney
viscosity and better dynamic properties. Non-linearity under small strains and
tand values are substantially reduced with homogeneous silanization. The
shear/strain curve demonstrates that PDPB silane has a significant lower shear



modulus and a homogeneous silanization at the 1* mixing stage. On the other
hand, liquid silane application has a high modulus and a large portion of
unmodified silica at the 1% mixing. It needs multiple no-productive mixing
steps (2" and 3" mixing stages) to achieve a lower modulus before a required
homogeneous silanization achieved. The homogeneous silanization thru PDPB
silane eliminates the need for multiple re-mill steps and intermediates cooling.

2. Loading reduction study with rubber compounds containing PDPB silane

We compared the modulus at high strain to determine the optimum amount of
PDPB silane necessary to disperse and reinforce silica-loaded rubber. A lower
modulus at high strain indicates a better efficiency of the silica silanization as
well as a better reinforcement. PDPB silane shows a lower modulus than any
multiple re-mills using liquid silane at equivalent loading. There is a need to
increase liquid silane dosage to compensate the material lost from deficient
silica silanization in using liquid silane. to obtain In order to achieve the same
level of reinforcement, compounder need to increase liquid silane dosage to
compensate this material lost. The homogeneous silanization from PDPB
silane optimizes loading dosage to meet the needed physical properties
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