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Fredrik Lundell
“Preparation of nanostructured biomaterials
with good mechanical properties and novel
functions”

Strong and stiff cellulose filaments (Young's
modulus up to 86 GPa; tensile strength 1,5
GPa) can be prepared by hydrodynamic
assembly, where a flow is used to create a
"gel-thread” of aligned cellulose nanofibrils
(CNF). After drying of this thread, a filament
is obtained. This is a special case of

assembly, and in general, the
nanostructure, primarily particle
orientation, controls mechanical and

functional properties when macroscopic
materials are assembled from nanofibrils.
Understanding controlling  the
nanostructure is therefore an important
key for the continued development of
nanostructured  materials. We merge
recent developments in the assembly of
biological nanofibrils, X-ray diffraction
orientation measurements, and
computational fluid dynamics of complex
flows. The result is a digital twin, which
reveals the complete particle orientation in
complex and transient flow situations, in
particular the local alignment and spatial
variation of the orientation distributions of
different length fractions, both along the
process and over a specific cross section.
The methodology forms a necessary
foundation for analysis and optimization of
preparation processes for macroscopic
materials anisotropic  particles.
Furthermore, it provides a bridge between
advanced in operandi measurements of
nanostructures and phenomena such as
transitions between liquid crystal states
and in silico studies of particle interactions
and agglomeration.
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