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Report:

Introduction:

This long term project was dedicated to the investigation of wood fibre based materials,
especially to papers at a microscopic scale. An important aim of this project was to establish a
relationship between the structure and its physical properties. This report summarises the
experimental protocol, the numerical developments and the obtained results.

Materials
= Samples:

As wood fibre based materials cover a large area from a structural point of view, different
kinds of samples were visualised. The analysed samples can be divided into two main
categories. The first one consists of handsheets samples. They were prepared in laboratories to
see the effect of unit operations of the paper production such as effect of pressing, refining,
and the influence of the raw material. They were prepared by the French and US teams. The
second one concerns paper samples prepared on pilot machines. Those samples were chosen
in order to study the link between structure properties and end-use properties such as printing
paper (French, Finland), food-board (US, Finland), fluff fibres samples (Norway), composites
reinforced with wood-fibres (Norway).

. Sample environments:
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The wood fibre based materials are submitted to different sorts of constraints during their use.
That is why different compression devices were developed and implemented on the
microtomograph (France and Finland). These compression devices were first applied to
blotting paper for testing and then to layered cardboard and printing paper.

Paper is a material that is sensitive to its environmental conditions. That is why two different
techniques to apply different levels of humidity, or to control humidity, during scans have
been developed and tested (France). These samples' environments were applied to several
paper samples: the structure evolution for different making parameters and the behaviours of
paper having different end-use properties. Two third of the analysed samples were papers of
different grades.

Other samples studied were composites where the influence of fibres on the structure was
studied.

Methods developed:

. Data analysis technique:

Data obtained by X-Ray Synchrotron Radiation microtomography are in grey levels. To
analyse the structure, segmentation has to be performed. Different tools to binaries the data
have been developed by each team and compared. Fast methods were developed by Norway,
Finland and US teams. They are based on filtering and adapted thresholds. However, those
methods do not allow to separate a three phase paper (pores, fibres and fillers, for example).
That is why other tools dedicated to paper samples were developed and applied to paper
samples (France).

. Data simulation
3D algorithms to simulate moisture transport and permeability were developed and/or
improved and applied to samples acquired during this project.

Results:

. Experimental part.

The first aim of the work was to find the experimental protocol for paper and board analysis
and to validate it. Therefore, the first step consisted of an optimisation of the beamline
parameters to the specific studied samples in terms of signal to noise ratio and data acquisition
time (France). To image the large field of samples analysed, improvements in the sample
preparation and in holders have been proposed (Norway, France) and tested during each run.
To validate the repeatability of the experimental procedure, samples were extracted from the
same original materials and we verified that the measured parameters were similar (France).

The second part of this project was to develop dedicated sample environments. Compression
devices were designed, tested and successfully applied on different paper samples (Finland
and France). The scans performed for different compression levels allow to gain
understanding on the behaviour of the structure in some important industrial processes such as
wet pressing of paper. As the studied materials are sensitive to their environment especially to
temperature and humidity conditions, humidity controlled scans were performed. The initial
idea was to enclose the sample in a small cylinder where we controlled the humidity with "salt
methods". Unfortunately, this method did not give the expected results. This could be due to
two different factors. As the device was built to be easily used to change samples and
humidity degree, the box was closed by screws. It was maybe not perfectly water proof. On
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the other hand, the device was built in Plexiglas which can also absorb humidity. Therefore a
second sample environment was tested where the humidity level around the samples was
controlled by a wet air generator. This last set-up appeared more adapted and gave good
results. Samples were submitted to humidity cycles: 50%, 20%, 80%, 20%, and 50% Relative
Humidity. Differences can be noticed on the obtained radiographs.

. Structural analysis

Structural analysis has been carried out on the pore phase on the binarised data (France) such
as: porosity evaluation, stereology measurements, granulometry on the pore phase. Obtained
results on microtomographic data were compared to those obtained with traditional
measurements which validate the developed methods. The small volume imaged (compared to
a sheet of paper) has been proved to be representative from a porosity point of view.

Quantitative measurements were done on microtomographic data (France). Filler contents
were evaluated both on handsheet samples whose amount of added fillers was known and on
industrial papers. The amount estimated on microtomographic data corresponds to the one
added or to the ash rates. The small volume imaged is therefore representative from a filler
point of view.

The influence of unit process step was studied (Norway, US). The influence of fractures was
also characterised (Norway).

Once the data were segmented, different algorithms were applied to individualise the fibres.
Methods were developed to separate the different fibres (Norway). They were also applied to
composites materials (Norway).

. Simulations.

Many paper properties depend on transverse permeability. It is linked to the pore connectivity
and pore size distribution in the thickness direction. Lattice-Boltzmann simulations were
successfully applied to paper samples acquired on ID19 (Finland, US). The simulations
carried out on paper samples show that the volume imaged is representative from a
permeability point of view (France). Diffusive moisture transport in paper structure was also
studied (Finland , US). The results indicate that the methods used can indeed be used to gain
valuable information e.g. for modeling industrial processes such as wet pressing, drying and
printing of paper.

Conclusion & perspectives:

This long-term project was the first extensive international joint effort in utilizing high-
resolution x-ray tomography in wood-based materials reseach. A vast amount of data of
excellent quality was collected during the project. Although only part of this bulk of data has
been fully analyzed and published at the time of this writing, the project has proven successful
and will eventually yield a number of additional publications and valuable results with
applications in industrial problems. Moreover, the results already reported in international
conferences are likely to promote the use of x-ray tomographic techniques as a general tool
for materials structure analysis within paper-making industry and the related research
community.
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