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ABSTRACT : Rubbers, such as natural rubber, polybutadiene, styrene-butadiene rubber, nitrile-butadiene rubber, chlorinated
rubber and EPDM, have been continuously improved in response to a heavy demand and a new property requirement from
industry. One of the best ways to realize the improvement is the modification of rubbers through chemical reactions, which
produce materials with novel properties. In this review, chemical modification reactions of rubbers that contain carbon-carbon
double bond units either in their main backbone or as a side group were briefly summarized. The chemical reactions introduce
functional groups or functional polymer chains to polymer backbone, which transform a classical rubber to a highly functional
material. Especially, we focused on a controlled/"living" radical polymerization techniques, with which a revolutionary broad-
ening of the spectrum of the materials with well defined molecular weight, molecular weight distribution, chain end-function-
ality and architectures become possible.
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Figure 1. Structural isomers of unsaturated polymers: (a) cis-1,4-polybutadien, (b) trans-1,4-polybutadiene, (c) 1,2-polybutadiene,

(d) cis-1,4-polyisoprene, (e) 1,2-polyisoprene, (f) 3,4-polyisoprene.’
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Figure 2. Ionic reaction of polyisoprene with hydrochloric acid.>"?
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Figure 3. Addition reaction of free radicals to polydienes: (a) addition of free radicals to 1,4-polyisoprene, (b) addition of free

radicals to 1,2-polybutadiene.”"
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Figure 4. Hydrogenation reaction of polydienes: (a) hydrogenation of cis-1,4-polybutadiene, (b) hydrogenation of cis-1,4-

polyisoprene. 2
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Figure 5. Chlorination reaction of polyisoprene: addition of chlorines to polyisoprene (a), chlorinated cyclization of polyisoprene
(b).12
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Figure 6. Addition reaction of thiol radicals to cis-l,4-polybutadiene‘3
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Figure 7. Radical grafting reaction of 0,0-dialkyl dithiophosphates onto 1,4-polyisoprene.’
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Figure 8. Radical grafting reaction of fluorinated thiols onto 1,2- and 1,4-polybutadiene.'
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Figure 10. Grafting reaction of maleic anhydride onto EPDM."?
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Figure 11. Modification of EPDM-graft-maleic anhydride with polydimethylsiloxane terminated with aminopropyl group
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Figure 12. Radical "grafting-from" polymerization of styrene from EPDM generating EPDM-graﬁ‘-polystyrene.29
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Figure 13. Schematic representation for the mechanism of nitroxide mediated controlled/"living" radical polymerization based on
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Figure 14. Radical "grafting-from" polymerization of styrene from polybutadiene, affording polybutadiene-graft-polystyrene: (a) prep-
aration of polybutadiene macroinitiator, (b) "grafting-from" nitroxide mediated polymerization of styrene from the macroinitiator.
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Figure 15. Radical "grafting-from" polymerization of styrene from brominated rubber: (a) preparation of macroinitiator, (b) "grafting-
from" nitroxide mediated polymerization of styrene from the macroinitiator.’
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Figure 16. Typical catalyst cycle for atom transfer radical polymerization.42
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Figure 17. Schematic representation for the preparation of EPDM-graft-poly(methyl methacrylate) through atom transfer radical poly-
merization method using EPDM macroinitiator.”
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