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Chapter 5
Crosslinking of Polymers: Rubber 
Vulcanization
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Abstract  Crosslinking is a process whereby the polymer segments from different 
polymer chains are interconnected by covalent (and sometimes ionic) linkages. 
Crosslinks can be formed either during the polymer synthesis process, or addition-
ally by reaction leading to the connection of already finished macromolecules. The 
crosslinking agent is necessary for the crosslinking of the finished polymer. Given 
the great length of the macromolecules, only a small amount of crosslinking agent 
is necessary to produce huge spatially arranged macromolecules. The increase in 
the degree of branching and polymerization and the growth of the polymer are 
observed at the beginning of the crosslinking reaction. The branched polymer grad-
ually passes into an infinite structure that is represented by the network of polymers. 
The polymer with a small number of crosslinking sites contains part of the soluble 
portion (sol) and part of the insoluble portion (gel). The portion of soluble (extract-
ible) polymer is decreased along with the growth of crosslinking density. 
Crosslinking of polymers leads, on the one hand, to the reduction of solubility and 
fusibility and, on the other hand, the increase of thermal stability and resistance to 
chemicals. The most frequently used crosslinking reaction in technological practice 
is the rubber vulcanization. Formerly, the plastic material is changed during vulca-
nization in highly elastic vulcanized rubber. Vulcanization resides in the reaction of 
elemental sulphur, organic sulphur compounds or organic peroxides with linear 
polymer chains, when crosslinks are forming. The most important and at the same 
time the oldest vulcanizing agent of polydiene rubbers is sulphur. Polymers can also 
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construct crosslinks by peroxides. The main objective of this chapter was to analyze 
the crosslinking processes associated with vulcanization reactions between rubber 
macromolecules, as well as the types of crosslinking and the determination of cross-
linking density.
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