
Iran Polym J (2015) 24:1015–1024
DOI 10.1007/s13726-015-0389-1

1 3

ORIGINAL PAPER

An experimental investigation on the degradation effect of ozone 
on hyperelastic behavior of an NR/BR blend

Mir Hamid Reza Ghoreishy1 · Ghasem Naderi1 · Bahram Roohandeh1 

Received: 8 March 2015 / Accepted: 26 September 2015 / Published online: 14 October 2015 
© Iran Polymer and Petrochemical Institute 2015

Keywords NR · BR · Ozone degradation · Paraffin wax · 
Hyperelastic

Introduction

Tire is one of the most important parts of an automobile 
so that it plays a vital role in determining the final perfor-
mance of the vehicle. Therefore, it is necessary to keep its 
initial physical and mechanical properties during the nor-
mal service life. There are several factors such as heat, 
stress, wear and environmental parameters that affect and 
reduce tire properties [1]. Nearly 40 % of tire composi-
tions are made of natural rubber (NR) and synthetic rub-
bers especially, styrene-butadiene rubber (SBR) and buta-
diene rubber (BR). All these rubbers have double bonds 
in their backbone which are highly susceptible to ozone 
degradation.

Ozone is one of the parameters which attack the dou-
ble bonds of the rubber molecules and break the polymer 
chains [2]. Deterioration caused by ozone in rubbers is a 
well-known phenomenon which leads to reduced mechani-
cal and physical properties and efficiency in tires. The 
ozone level in the normal air can be up to 10 ppm which 
is quite enough to generate cracks and starts deterioration. 
Ozone degradation and the protection of rubbers against it 
has been the subject of research since the 1960s. There are 
many published works in this area focused on both mecha-
nism and protection methods [3, 4].

Briefly speaking, there are two methods for improv-
ing the ozone resistance of rubber compounds especially 
for tire applications. Traditionally, the first method uses 
appropriate additives as antiozonant materials such as 
N-(1,3-dimethyl)-N-phenyl-p-phenylenediamine (6PPD) 
and paraffin wax. There is a large volume of published 

Abstract This research work is devoted to study the 
effect of ozone degradation and stabilization on the hyper-
elastic behavior of a natural rubber/butadiene rubber-based 
rubber blend used in tire sidewalls. Four rubber compounds 
with different paraffin wax contents were designed and pre-
pared using the conventional machineries. Classical rubber 
tests including tensile, dynamic mechanical thermal analy-
sis, hardness and fatigue-to-failure were carried out. To 
evaluate the effect of ozone degradation and wax content 
on stabilization, two sets of experiments were performed. 
In the first series, samples were tested without exposure to 
ozone, while the second series were carried out on sam-
ples after exposure to ozone according to a recently devel-
oped method. Five hyperelastic models including the neo-
Hookean, Yeoh, Ogden, Arruda–Boyce and van der Waals 
equations were selected. The corresponding parameters of 
these equations were determined via nonlinear curve fit-
ting on the experimentally obtained uniaxial stress–strain 
data using the material modeling module implemented in 
Abaqus code. For the first time in this work, the relation-
ship between the predicted model parameters as well as the 
initial shear modulus of the above samples with structural 
changes that take place in rubber during the degradation are 
presented and discussed. It is also found that the parameters 
of nonlinear mechanistic models such as Arruda–Boyce 
and van der Waals can be related to chain scission which 
takes place during ozone attack on the polymer backbone 
in rubber compounds.
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