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Abstract

The cellulose nanofibril from wood is an interesting new material constituent
that can provide strong reinforcement in polymer nanocomposites due to the
high stiffness of the cellulose crystals and the network formation characteristics
of the nanofibrils. Cellulose nanofibrils can be used either in the form of
low aspect ratio microcrystalline cellulose, MCC, or as high aspect ratio
microfibrillated cellulose, MFC. The objective is to study structure-property
relationships for cellulose nanofibril networks and composites.

Nanocomposites based on MCC and thermoplastic polyurethane were
prepared by in-situ polymerization. The cellulose nanofibrils were successfully
dispersed in the matrix and the composites showed improvements in stiffness,
strength, as well as in strain-to-failure. Cellulose nanofibrils reinforce the
physical rubber network by strong molecular interaction with the rubber.

A method that facilitates microfibrillation of the pulp cell wall during
homogenization has been developed. The pulps were treated with a
combination of beating and enzymatic treatment prior to homogenization. The
enzymatic pretreatment was found to facilitate the microfibrillation and the
mechanisms are discussed. The resulting MFC nanofibrils were of high aspect
ratio.

Cellulose nanofibril networks of high toughness were prepared from MFC
and studied with respect to the structure and mechanical properties. These
films have a porous structure and the nanofibrils are more in-plane than in-
space oriented. Tensile testing showed that the strength is dependent on the
average molecular weight of the cellulose. The MFC of the highest molecular
weight showed a modulus of 13.2 GPa, tensile strength as high as 214 MPa and
10.1% strain-to-failure, at a porosity of 28%.

Composites of high fiber content have been prepared by addition of
melamine formaldehyde to MFC films. These composites show increased
stiffness and strength, at the cost of strain-to-failure. Composites were also
prepared by impregnating MFC nanofibril networks with a hyperbranched
polymer. The matrix was crosslinked and strong interactions with the
nanofibrils were formed. By DMA two Tg’s were observed for the composites
with 0.26 and 0.43 volume fraction nanofibrils. The Tg of the matrix was
observed as well as a Tg at higher temperatures. This corresponds to molecules
with constrained mobility by increased interactions with the cellulose
nanofibril surfaces.
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