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Abstract

Wood fibres is a type of natural fibres suitable for composite applications. The
abundance of wood in Swedish forests makes wood-fibre composites a new
and interesting application for the Swedish pulp and paper industry. For large
scale production of composites reinforced by wood fibres to be realized, the
mechanical properties of the materials have to be optimized. Furthermore,
the negative effects of moisture, such as softening, creep and degradation,
have to be limited. A better understanding of how design parameters such as
choice of fibres and matrix material, fibre modifications and fibre orientation
distribution affect the properties of the resulting composite material would
help the development of wood-fibre composites.

In this thesis, focus has been on the fibre-matrix interface, wood-fibre
hygroexpansion and resulting mechanical properties of the composite. The
importance of an efficient fibre-matrix interface for composite properties
is well known, but the determination of interface properties in wood-fibre
composites is difficult due to the miniscule dimensions of the fibres. This is
a problem also when hygroexpansion of wood fibres is investigated. Instead
of tedious single-fibre tests, more straightforward, macroscopic approaches
are suggested. Halpin-Tsai’s micromechanical models and laminate analogy
were used to attain efficient interface characteristics of a wood-fibre composite.
When Halpin-Tsai’s model was replaced by Hashin’s concentric cylinder
assembly model, a value of an interface parameter could be derived from
dynamic mechanical analysis. A micromechanical model developed by Hashin
was used also to identify the coefficient of hygroexpansion of wood fibres.
Measurements of thickness swelling of wood-fibre composites were performed.
Back-calculation through laminate analogy and the micromechanical model
made it possible to estimate the wood-fibre coefficient of hygroexpansion.
Through these back-calculation procedures, information of fibre and interface
properties can be gained for ranking of e.g. fibre types and modifications.

Dynamic FT-IR (Fourier Transform Infrared) spectroscopy was investigated
as a tool for interface characterization at the molecular level. The effects of
relative humidity in the test chamber on the IR spectra were studied. The
elastic response of the matrix material increased relative to the motion of the
reinforcing cellulose backbone. This could be understood as a stress transfer
from fibres to matrix when moisture was introduced to the system, e.g. as a
consequence of reduced interface efficiency in the moist environment. The
method is still qualitative and further development is potentially very useful to
measure stress redistribution on the molecular level.
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