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product. The sulfur cross-links do not appear to be broken 
in the course of waste rubber treatment.
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Introduction

Due to a growing output of the automotive industry, large 
amounts of used tyres are accumulated around the world 
each year [1–3]. Presently, a considerable part of these 
wastes are discarded in landfills, which exerts a negative 
impact on the environment. Because of its cross-linked 
structure, vulcanized rubber is a chemically and biologi-
cally resistant polymeric material. Therefore, utilization of 
scrap tyre rubbers remains a global problem attracting the 
attention of many researchers.

The proposed alternatives to landfill, along with produc-
ing rubber crumb, include numerous recycling methods. 
Thus, direct combustion [4–6] or pyrolysis techniques [7–
9] allow recovering energy or energy-capacious products
from these wastes. However, stringent emission control 
requirements restrict the wide use of such techniques [4, 6].

Reclaiming is considered to be the most attractive 
method of utilizing waste tyre rubbers. Usually, it is based 
on a devulcanization process which involves a partial or 
complete cleavage of sulfur cross-links formed during vul-
canization [3, 4, 10]. Devulcanization can be performed by 
mechanical or chemical methods with the use of reclaiming 
agents [3, 11, 12] and microwave [1, 4, 13] or ultrasonic [1, 
4, 14] methods.

Devulcanization allows recycling waste rubbers into 
useful products that can be revulcanized and reused in rub-
ber compounds. However, the ideal devulcanization process 

Abstract The development of effective methods for 
reclaiming scrap tyre rubbers attracts a great deal of atten-
tion. Earlier, we have proposed an alternative way for 
reclaiming waste rubber, which consists in its treatment 
with nitrous oxide (N2O) at 180–230 °C and pressure 
of 2–5 MPa. In the present study, the reclaimed products 
obtained by this method from tyre crumb rubber were 
characterized for the first time by TGA, FTIR, NMR, and 
ultimate analysis techniques. The results showed that the 
sol fraction isolated from the reclaimed rubber consists 
mainly of diene oligomers with the carbonyl, predomi-
nantly ketone, groups. The remaining gel fraction includes 
some of the rubber polymer components and all the carbon 
black filler present in the initial vulcanizate. Based on the 
experimental results, a mechanism of vulcanized rubber 
interaction with nitrous oxide was suggested. The mecha-
nism involves a selective 1,3-dipolar cycloaddition of N2O 
molecules to C=C bonds of isoprene and butadiene units
in vulcanized elastomers. The main reaction route proceeds 
without cleavage of initial C=C bonds leading to the for-
mation of ketone groups randomly distributed along the 
polymer backbone. The cleavage of a certain amount of 
reacting C=C bonds leads to controllable scission of mac-
romolecular chains and accordingly to depolymerization of 
the initial vulcanized rubber, thus yielding a plastic reclaim 
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