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Abstract

In 2007 the production of expanded polystyrene (EPS) in the world was over 4
million tonnes and is expected to grow at 6 percent per year. With the increased
concern about environmental protection, alternative biodegradable materials
from renewable resources are of interest. The present doctoral thesis work
successfully demonstrates that starch-based foams with mechanical properties
similar to EPS can be obtained by reinforcing the cell-walls in the foams with
cellulose nanofibers (MFC).

High cellulose nanofiber content nanocomposites with a highly plasticized
(50/50) glycerol-amylopectin starch matrix are successfully prepared by
solvent-casting due to the high compatibility between starch and MFC. At 70
wt% MFC, the nanocomposites show a remarkable combination of high tensile
strength, modulus and strain to failure, and consequently very high work to
fracture. The interesting combination of properties are due to good dispersion
of nanofibers, the MFC network, nanofiber and matrix properties and favorable
nanofiber-matrix interaction.

The moisture sorption kinetics (30% RH) in glycerol plasticized and pure
amylopectin film reinforced with cellulose nanofibers must be modeled using
a moisture concentration-dependent diffusivity in most cases. The presence of
cellulose nanofibers has a strong reducing effect on the moisture diffusivity.
The decrease in zero-concentration diffusivity with increasing nanofiber
content could be due to geometrical impedance, strong starch-MFC molecular
interaction and constrained swelling due to the cellulose nanofiber network
present.

Novel biomimetic starch-based nanocomposite foams with MFC contents
up to 40 wt% are successfully prepared by freeze-drying. The hierarchically
structured nanocomposite foams show significant increase in mechanical
properties in compression compared to neat starch foam. Still, better control of
the cell structure could further improve the mechanical properties. The effect
of cell wall composition, freeze-drying temperature and freezing temperature
on the resulting cell structure are therefore investigated. The freeze-drying
temperature is critical in order to avoid cell structure collapse. By changing the
starch content, the cell size, anisotropy ratio and ratio between open and closed
cells can be altered. A decrease in freezing temperature decreases the cell size
and increases the anisotropy ratio.

Finally, mechanical properties obtained in compression for a 30 wt% MFC
foam prepared by freeze-drying demonstrates comparable properties (Young's
modulus and yield strength) to expanded polystyrene at 50% RH and similar
relative density. This is due to the reinforcing cellulose nanofiber network
within the cell walls.
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