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Understanding the cross-linking mechanisms of elastomer blends: Relationships between mor-
phology, cross-linking and mechanical behaviour.
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Rubber blends composed of Natural Rubber (NR) and Butadiene Rubber (BR) are key components in the auto-
motive/tire industry and more precisely, the design of tire treads and anti-vibration materials. High mechan-
ical performances, improved thermo-oxidative aging behaviour and abrasion resistance are thus obtained by
blending NR with BR [1]. In the case of partially or complete phase-separated NR/BR blends, the bulk orga-
nization of these blends (domain size) between the different phases plays a significant role in the mechanical
behaviour of the final products (elastic modulus, crack resistance) [2]. The main goal of the present work is
to get a deep understanding of the cross-linking phenomena involved in NR/BR rubber blends and by doing
so, to get a better knowledge of the blend preparation conditions required to achieve given elastic properties
for the final materials.

Simplified industrial NR/BR formulations have been investigated: additional components such as filler parti-
cles were not incorporated. Both molecular characteristics and microstructure of all the blend components
used for the study have been investigated by SEC and solution-state NMR (1H and 13C NMR); their thermal
behaviour together with the one of the blends were probed by DSC.

The morphology of cross-linked NR/BR blends with a BR weight fraction ranging from 10% to 90% were studied
by contrast-phase optical microscopy, DSC and 1H solid-state NMR. In particular, spin-lattice relaxation time
measurements allowed to identify the number of phases in the blends, their composition and characteristic
size.

Lastly, 1H double-quantum solid-state NMR experiments have been used to determine the distribution of
the cross-link density for both NR-rich and BR-rich domains within immiscible blends: for this purpose, the
distribution of the value of the 1H dipolar couplings DHH has been derived. For each component, the fraction
of repeat units involved in the elastically active chains and its variation with the BR content will also be
discussed.

Such data will lead to correlations between the local mechanical properties, determined by indentation, the
distribution of the cross-link density in each phase, derived from solid-state NMR and their morphology. This
approach will provide a new insight into the structure-mechanical property relationships of NR/BR blends.
Another outlook will be to study the influence of the microstructure of the BR used and the process conditions
on these relationships.
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