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1. Introduction 

Mercapto-silanes are receiving an increased attention during the last years as a possible solution for finding a good 

balance between low rolling resistance, high wet grip and high abrasion resistance in passenger car tire tread 

compounds. The use of mercapto-silanes enables a better silica dispersion state during the mixing compared to the 

conventional sulfide-silanes. But it also causes a higher Mooney viscosity and a shorter scorch time which results in 

processing difficulties. Due to the fact that the silica-silane reaction has deeply been investigated but cannot explain 

these differences, the silane-polymer reaction should be evaluated in-depth in the present study. Model olefins were 

used instead of rubber polymers. This change should help to understand kinetic effects and reaction mechanisms in 

depth. 

 

2. Experimental methods 

The olefin (3-methyl-1-pentene (3m1p) or 2,3-dimethyl-2-butene (TME)), 3-mercaptopropyl-triethoxysilylsilane    

(Si 263) and other ingredients, such as silica, ZnO, stearic acid, CBS and sulfur were mixed in decane (solvent), and 

heated at 150 or 170 oC. Then, by measuring with GC the remaining amount of each material, the generated amount of 

ethanol and reaction products, the occurring reactions were investigated. It was confirmed as a pre-condition that both 

olefins and Si 263 were stable at 170 oC by heating each single material in decane. 

 

3. Results and Discussion 

Firstly, the reaction between the two different olefins and Si 263 was investigated. The decreasing rate of both educts is 

faster in the 3m1p system, which has a higher reactivity in the double bond, therefore, it is suggested that the direct 

reaction of the thiol group of the silane with an olefin may have occurred. But, an increase in the concentration of 

di-sulfide silane which results from a dimerization of two mercapto-silanes via the sulfur function, and evolution of 

ethanol which results from the condensation reaction of ethoxy groups of the silane via hydrolysis are also observed. 

Since both reactions could also be the reason for the decrease of Si 263, further investigations were carried out in order 

to clarify if the direct bond between the olefin and Si 263 has been formed.  

Secondly, when silica is added to the above described system, the enhanced decrease in the concentration of Si 263 by 

the silanization reaction is observed, however, that in the system with olefin is much more pronounced than that in the 

system without. This difference of the hydrophobation effect and the decrease in the concentration of the olefin lead to 

the conclusion that there is a direct bond formation between the olefin and the silica via the silane. 

Thirdly, in the sample which contains additionally CBS together with olefin and Si 263, a strong decrease in the 

concentration of Si 263 and at the same time a large generation of a di-sulfide silane even without heating are observed. 

This phenomenon corresponds to the results that O. Klockmann has reported.[1] 

Fourthly, by adding sulfur to the model olefins and Si 263, the generation of tri-sulfide silanes is observed. While the 



concentration of Si 263 decreases similar to that in the system without sulfur, the remaining amount of olefin differs in 

both systems and does not show a linear decrease in the presence of sulfur. A possible explanation for this can be that  

Si 263 reacts with sulfur as well as with olefin which leads to a competition in the reaction process. Since it has been 

reported that a positive processing effect occurs by adding MBT or sulfur at the 1st mixing stage,[2] the reaction 

interference between the polymer / model olefin and Si 263 accompanied by the generation of di-sulfide silane might be 

the reason for an improved processability. 

Fifthly, when both sulfur and CBS are added to the olefin and Si 263, the generation of di-sulfide silane is less 

pronounced than that in the sample without sulfur, instead of that, a large amount of tri-sulfide silane is generated even 

in the sample without heating. This indicates that sulfur can be easily incorporated in the reaction products of Si 263 

and CBS.  

Furthermore, the influence of ZnO and stearic acid were investigated. By adding ZnO to the olefins and Si 263, the 

amount of generated di-sulfide silane is increased drastically compared to the system containing only olefin and Si 263. 

The mercapto-silane might create a complex with Zn2+ comparable to MBT. Although di-sulfide silanes are formed in 

the system of Si 263 and ZnO without olefin, the reaction rate and the yield are higher in the presence of olefin. And, 

since this tendency is higher in the 3m1p system than in the TME system, though the mechanism is not clear, it is 

unambiguously that the olefin structure influences the reaction mechanism. Moreover, the generation of di-sulfide silane 

is suppressed when stearic acid is added additionally to this system. The decrease in the concentration of olefin in the 

systems with ZnO is lower than that in the 3m1p and Si 263 system. Therefore, adding ZnO in the early timing at the 1st 

mixing stage may lead to an improvement of the processability by suppressing the excess reaction between the polymer 

and the mercapto-silane. This will be evaluated further in a rubber study by varying the addition times of ZnO and 

stearic acid. 

 

4. Conclusion 

The reactivity between olefins and Si 263, and the influences of other ingredients on this system were investigated in 

model systems. When an olefin and Si 263 were heated at 150 oC, the decrease in the concentration of both olefin and  

Si 263 with increasing heating time was observed. Furthermore, in the sample with silica, the hydrophobation effect for 

silica was enhanced by the existence of an olefin. The decrease of both olefin and Si 263 was faster in the system with 

3m1p which has a higher reactive double bond than TME. It was also observed that the presence of CBS or ZnO leads 

to an acceleration of the generation of di-sulfide silane. The di-sulfide silane is stable during heating in the absence of 

sulfur, as a result, the decrease of olefin in those systems was suppressed. Therefore, there are two competing reactions: 

one is that of the mercapto-silane with the olefin, the other one that of the mercapto-silane with itself.  

The final conclusion is that the preferred reaction path of the mercapto-silane can be influenced by the time depending 

addition of other ingredients. 
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