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/ Introduction Natural rubbers are ideal candidates for green composites and mechanical properties can be adapted by adding different types of microfibrillated cellulose (MFC), nanofibrillated ceIIquse\
(NFC) and microfibrillated cellulose with hydrophobic surface modification (mMFC), in contrast with common cellulose nanowhiskers.! The influences of morphology and surface functionality
of cellulose on the rheological properties and dynamic mechanical performance of natural rubber composites are evaluated. The shear viscosity of the natural rubber was dominated
importantly by adding fibrillated cellulose even in small amounts of 1 to 7 wt.-%, representing more pronounced shear thinning behaviour and hysteresis at high fiber concentrations. The
NFC provides lowest viscosity while surface modification of mMMFC slightly increases the viscosity due to formation of a network structure. A specific study on the flow properties of natural
rubber composites against frequency revealed the development of shear-induced curing properties depending on the compatibility between the cellulose fillers and the rubber (i.e.
immobilization mechanism). In parallel, an increase in crosslinking density was highest for the NFC, while intermediate for the MFC and lowest for the mMFC. The latter was confirmed by
thermal analysis considering variations in glass transition temperatures and modelling the curing kinetics at different temperatures and times. The dynamic mechanical analysis on uncured
and cured films confirmed a shift in loss modulus and broadening of tan delta peak depending on the filler concentration and restriction of chain mobility and the fiber/matrix interface. The
mechanical response under creep, frequency and temperature testing inferred that the reinforcing capacity and elastomeric properties depends on the fiber dispersion and phase interactiory
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Bio-elastomeric Composites of Natural Rubber through Latex Mixing
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The MFC/NFC can be homogeneously dispersed within a natural rubber matrix up to concentrations of 15 wt.-%. The fracture
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morphology is ductile for unfilled rubbers, the MFC forms an extensive separated network with fiber tear out at high
‘,_f concentration, while NFC seems to be more mingled in the matrix, showing ductile tearing effects. The NFC provides
% | systematically higher strength and elongation than MFC, while mMFC provides highest strength but almost no elongation.
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Latex Suspension Rheology Elastomeric creep and stiffness

The viscosity is dominated by the shear thinning effect of the fibrillated fibers, indicating the formation of a penetrating
fiber network. The viscosity of NFC is slightly higher than MFC due to more intense network formation, while mMFC
causes hydrophobic/hydrophilic phase separation. The G’ and G” moduli of suspensions show different behaviour with
cross-over point G” > G’ (liquid-like) at lower concentrations and fully G’ > G” (solid-like) at higher concentrations.

The fibrillated cellulose provides better mechanical properties to the natural rubber, with superior
performance for the surface modified mMFC providing lower creep and higher storage modulus at
lower fiber concentrations compared to the MFC and NFC. The improved interface properties can
be inferred from the high loss modulus related to energy dissipation at the fiber/matrix interface.
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