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Abstract

Nanoparticles are very interesting components. Due to their very large
specific surface area they possess properties in between molecules and
macroscopic materials. In addition, a material built up of hierarchically
assembled nanoparticles could obtain unique properties, not possessed by the
nanoparticles themself.

A very interesting group of nanoparticles is the cellulose nanofibrils. The
fibrils are found in various renewable resources such as wood, bacteria and
tunicates. In this work fibrils extracted from wood is studied. In wood the
fibrils are the smallest fibrous component with the approximate dimensions; 4
nm in width and length in the micrometer range, providing a high aspect ratio.
In addition, they have a crystallinity above 60% and, hence, a high stiffness.
These fibrils are hierarchically ordered in the wood fiber to give it its unique
combination of flexibility and strength.

The properties of the fibrils make them very suitable to be used as
reinforcement elements in composites and, due to their ability to closely
pack, to make films with excellent gas barrier properties. The key aspect to
design materials, efficiently utilizing the properties of the individual fibrils,
is to control the arrangement of the fibrils in the final material. In order
to do so, the interactions between fibrils have to be well characterized and
controlled. In this thesis the interaction between fibrils in aqueous dispersions
is studied, where the main interactions are attractive van der Waals forces
and repulsive electrostatic forces. The electrostatic forces arise from carboxyl
groups at the fibrils surface, which either are due to hemicelluloses at the
fibrils surfaces or chemically introduced to the cellulose chain. This force
is sensitive to the chemical environment. It decreases if the pH is reduced
or if the salt concentration is increased. If it is strongly reduced the system
aggregates. In dilute dispersions aggregation causes formation of multiple
clusters, whereas in semi-dilute dispersions (above the overlap concentration)
a volume filling network, i.e. a gel, is formed. The tendency of aggregation, i.e.
the colloidal stability, can be predicted by using the DLVO theory. In this thesis
DLVO predictions are compared to aggregation measurements conducted
with dynamic light scattering. Good agreement between experiments and
the designed theoretical model was found by including specific interactions
between added counter-ions and the carboxyl groups of the fibrils in the
model. Thus, the surface charge is both reduced by protonation and by specific
interactions. This emphasizes a much larger effect of the counter-ions on the
stability then generally thought. Hence, this work significantly improves the
understanding of the interfibril interactions in aqueous media.

As mentioned above, the fibrils can be physically cross-linked to form a
gel. The gelation is an instant process, occurring at pH or salt levels causing
the interfibril repulsion to decrease close to zero. If a well dispersed stationary
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dispersion is gelled, the homogenous and random distribution of the fibrils is
preserved in the gel. These gels can be used as templates to produce composites
by allowing monomers or polymers to enter the network by diffusion. In an
effort to mimic processes occurring in the tree, producing materials with
fibrils aligned in a preferred direction, the ability to form gels with controlled
fibril orientation were studied. Such networks were successfully produced by
applying strain to the system prior or past gelation. Orientation prior gelation
was obtained by subjecting the dispersion to elongational flow and freezing
the orientation by “turning off” the electrostatic repulsion. Orienting the fibrils
after gelation was achieved by applying shear strain. Due to the physical nature
of the crosslinks, rotation in the fibril-fibril joints can occur, enabling the
fibrils to align in the shear direction. This alignment significantly increased the
stiffness of the gels in the shear direction.
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