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This research work concentrated on devulcanization of rubber products prepared from natural
rubber (STR20), carbon black-filled natural rubber (STR20CB) and tire (TIR) using 40% (v/v)
aqueous solution of nitric acid at ambient temperature for 1 h. It was found that the decrease of
crosslink density determined using swelling method was observed after chemical devulcanization.
Especially, rubber products prepared from CV (conventional vulcanization) system was
devulcanized via chemical oxidation more efficiently than that prepared from EV (efficient
vulcanization) system. Moreover, carbon black was found to play a role as an accelerator for
devulcanization processes of both thermal oxidation during molding and chemical oxidation using
nitric acid. The results from XANES measurements clarified that the peak area at photon energy of
2472 eV corresponding to total sulfidic crosslinks present in the rubber products decreased whereas
the peak area at 2478 eV and 2481 eV corresponding to sulfonate groups and sulfate groups,
respectively, decreased. Besides, the solid state “C-NMR showed the decrease in peak area of
polysulfidic crosslink at chemical shift of 14.5 ppm and the increases in peak area of polysulfidic
crosslink and/or cyclic crosslink at chemical shift of 16.5 ppm and monosulfidic crosslink at
chemical shift of 40.7 ppm. These indicated that the polysulfidic crosslink was chemically
devulcanized but not the monosulfidic crosslink. From thermal property study using TGA, it was
found that decomposition temperatures (T,) of chemically devulcanized rubber products slightly
decreased, while glass transition temperatures (T g) determined using DSC and DMA techniques did
not change as compared to those before devulcanization. The addition of devulcanized rubber in
carbon black-filled rubber products caused lower heat build-up but decreased the mechanical

properties in comparison to those of STR20CB.





