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Abstract

Mechanical pulping for producing pulps from softwood suitable for printing
grade papers, like news, is a highly energy-intensive process consuming
around 2000 kWh/t in electrical energy. Due to increasing energy costs
and environmental issues there is a high demand for decreasing this energy
consumption. The mechanical treatment of wet wood pieces in a refiner, in
the mechanical pulp plant, is a complex mechanical loading. This is a process
occurring between rotating discs at high speed and temperatures of 140 °C
- 160 °C, where by means of shear and compression forces the fibres are
separated and then made flexible, fibrillated and collapsed for good bonding
ability. In this process also fines are created giving the optical properties of
the paper. In mechanical pulping only a fraction of the applied energy is used
for the structural changes of the wood material. Thus fundamental studies of
the loading modes of wood under refining conditions and in particular under
combined shear and compression loading are desired to gain more information
regarding the possibility of affecting the mechanical pulping in an energy
efficient way.

The possibilities to study the behaviour of wood under a combined shear
and compression load were in this thesis investigated using two methods:
the Iosipescu shear test and the Arcan shear test. In both apparatus different
combinations of shear and compression load were achieved by different
rotations of the shear test device itself. Measurements with the Iosipescu device
on a medium density fibreboard showed good agreement between experimental
results and numerical simulations. Finite element analysis on wood showed,
however, that with the use of a homogeneous material in the model the level of
strain reached would be ten times smaller than experimentally measured. This
fact is probably due to the honeycomb structure of the wood cells that allows
for different local deformations that could not be represented by a continuous
material model. Thus to study the deformations on the fibre level of wood an
experimental equipment that uses smaller samples was needed.

With a modified Arcan shear device such deformations under combined
shear and compression load and in pure compression were possible showing
different deformation patterns. During pure compression the cell walls bend
in a characteristic “S” shape, independently of the shape of the fibre cells and
their cell wall thickness. Under combined shear and compression, however,
mainly the corners of the fibre cells deform giving a “brick” shape to the cells.
In a second deformation performed in compression, the fibre cells follow the
same deformation pattern as given by the first deformation type whether in
compression or in combined shear and compression. The interpretation is that
permanent defects in the cells themselves are introduced already in the first
load cycle of the wood samples.
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The energy used under the different loading conditions showed that the first
deformation required the largest amount of energy, for all loading conditions.
The deformation in compression required larger amounts of energy than the
deformation in combined loads. For subsequent deformations less energy was
needed for compression if a combined load had preceded it. Due to the fact
that less energy is needed to start to deform wood in combined load than under
compression load, the application of a combined load as a first cycle may thus
be a way to permanently deform fibres using less energy.

To investigate the critical parameters determining the permanent
deformation of cells, a finite element model of a network of twelve cells was
developed. Special care was given to the material properties to study how
the variation of the fibril angle in the different layers affects the deformation
pattern of the wood fibres under the different loading conditions. The model
shows that whether modelled as homogeneous linear isotropic material or as
an orthotropic material defined for every layer of the cells wall, no difference
in the deformation of the network of the fibres was achieved. It is probable
that the deformation type is more determined by the geometry of the fibres
themselves than by their material properties
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