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THE EFFECT OF y-IRRADIATION ON MECHANICAL
PROPERTIES OF NR/BR/SBR TERNARY RUBBER
BLEND REINFORCED WITH CARBON BLACK

S. Jovanovi¢!, V. Jovanovi¢?, S. Samarzija-Jovanovié,
G. Markovié®, B. Petkovi¢? and M. Marinovi¢-Cincovic?

!Mitas, d.o.o. Ruma, Serbia
’Faculty of Natural Science and Mathematics, University of Pristina,
Kosovska Mitrovica, Serbia,(vojani(@sbb.rs; suzana.samarzija@pr.ac.rs )
3Tigar, Pirot, Serbia,
“University of Belgrade, Institute of Nuclear Science Vinca, Serbia

ABSTRACT

In this study the effect of radiation dose on the mechanical properties of ternary
NR/BR/SBR (25/25/50) rubber blend reinforced with carbon black (CB) (0—
100 phr) has been investigated. The cure characteristics of compounds were
assessed using the rheometer with an oscillating disk. The mechanical
properties hardness, modulus at 100% elongation, tensile strength and
elongation at break were assessed before and after y-[lirradiation (100-600
kGy). The vulcanizates were prepared in a hydraulic press. It was estimated that
the values for tensile strength mcreased when the CB content mcreased up to 80
phr. Tensile strength and elongation at break are decreasinge, but hardness and
cross linking density are increasing with the increase of the irradiation dose.

INTRODUCTION

Polymer blend are preparing to meet performance requirement that cannot
be satisfied by the current available commodity polymer or properties
lacking in the component polymers |1]. Blending of rubbers also enhance
the physical properties of the final vulcanized product |2]. The properties of
polymer blends can be controlled by regulating blend morphology,
compositions and processing condition |3]. A standard tire formulation for
trucks as well as cars is a physical blend of natural rubber/styrene-butadiene
rubber (NR/SBR) or natural rubber/butadiene rubber (NR/BR) blends.
Natural rubber and styrene/butadiene rubber have been blended for a long
time for many purposes such as lowering the compound cost |[4].
Reinforcement of elastomers is of great importance for the structuring of
materials in new technologies, and it 1s a particularly complicated process if
cross linked material contains more than one type of precursor cross linking.
By creating a multi-phase system, characteristics of individual phases can be
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partly preserved or significantly changed due to the mfluence of
imtermolecular interactions. Therefore, the modern research and industrial
practice of tire industry leaders are directed towards the use of existing
starting polymers and the obtainment of elastomeric materials based on new
modified macromolecules. The mechanism of characteristic changes in y-—ray
uradiated polymers, including degradation and cross linking has been studied
in lot of publication. Gamma irradiation is also a powerful method for rubber
cross linking; however, exposure to higher dosage of final elastomeric
products degrades the materials. The cross linking and chain degradation are
dependent on chains structural characteristics and the presence of some curing
system. The research subject of this study is the multiscale structuring of
elastomeric nanocomposites based on different precursors: polyisoprene
(NR), polybutadiene (BR) and styrene-butadiene rubber (SBR) and its ternary
blend (NR/BR/SBRY and the assessment of the carbon black content on the
material mechanical properties betore and atter y-—irradiation.

EXPERIMENTAL

Polyisoprene rubber, NR SMR-20 was supplied by Malaysia; polybutadiene
rubber, BR SKD N with 94% of 1.4 cis content — was supplied by
Njiznjekamsk (Russia):; Styrene butadiene rubber, SBR Europa Intol 1783, is an
emulsion styrene-butadiene rubber with 23.5% bound styrene was supplied by
Versalis (Italy). The carbon black type N-330 (primary particle size 28-36 nm)
- Volgograd (Russia). Content of filler was 0 - 100 phr. The curing system was:
N-cyclohexyl-2-benzothiazolsulfonamide-CBS (1.4 phr); diphenyl guanidine,
DPG, (1 phr):; N-(cyclohexylthio) phthalimide, CTP 100 (0.2 phr) and sulfur (2
phr). In all rubber blend compounds the network precursor ratio was 25/25/50
(w/w/w). Content of zinc oxide was 3 phr. The stearic acid content was 2 phr.
Plastificator as naphthenic oil content was 10 phr. Irradiations have been
performed in air in the Co 60 radiation sterilization unit at the Vinca Institute of
Nuclear Sciences with the dose rate of 10 kGy h™ and total absorbed dose of
100-600 kGy. The Radiation Unit of the Vinca Institute has been described in
more detail elsewhere |5, the facility core is Co-60 gamma urradiator with wet
storage working in batch mode (CEA, France).

RESULTS AND DISCUSSION

The essence of cross linking is a chemical reaction between the rubber
macromolecules, which in the presence of selected fillers, softeners,
activators, curing agents, accelerators and retarders form a crosslink.
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with CB: a) Tensile strength, b) increase with the amount of CB
Elongation of break and ¢) Hardness.  jncrease up to 40 phr (343.3 %),
and then decrease.
The tensile strength values attamed for unloaded as well as loaded blends
increase with irradiation dose reaching its maximum value at 200 kGy for CB
filler and then they decrease over any further increase in dose (Figure 1 (a)).
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The variation of elongation at break values, as a function of irradiation dose is
depicted on Figure 1 (b). As it was expected, the values of elongation at break
for filled and unfilled ternary NR/BR/SBR rubber blends decrease with
urradiation dose increase. The hardness values of ternary NR/BR/SBR rubber
blends composites are increase effectively with the filler content increase
(Figure 1 (c)). On the other hand, comparatively a limited increase has been
attained for the hardness value for one and the same composition, whether
filled or unfilled, with the irradiation dose increase from 100 to 600 kGy.

CONCLUSION

The mechanical properties and service life of rubber blends could be
improved using reinforcing fillers and iurradiation process to increase
crosslinking process. The effect of irradiation dose on mechanical properties
(tensile strength, hardness and elongation at break) of the sulphur cured
NR/BR/SBR ternary rubber blends have been investigated. NR/ BR/SBR
ternary rubber blends with 80 phr CB content have better mechanical
properties as compared to compounds with other CB content. For the
NR/BR/SBR/80CB blends with increase in irradiation dose up to 200kGy, the
tensile strength and elongation at the break decrease, while the hardness
increase. Iiradiation increase in crosslink density of NR/BR/SBR/80CB
ternary rubber blend. At higher filler content and higher irradiation doses a
chain degradation process becomes more predominant than cross linking.
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