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Feasibility study on fiber reinforcement of bio-based
rigid foames with microfibrillated cellulose
▶ Abstract
A research project in the department of wood chemistry aimed to introduce wood components into rigid
foams to produce sustainable insulation material with good mechanical properties. As a part of this
concept, this feasibility study tested reinforcement of polyurethane (PUR) foams with cellulose fibres in the
micro- and millimeter range. Microcellulose was pre-treated with a solvent exchange and mixed into a
hydrophobic two-component polyurethane formulation; cellulose fibres up to 2 mm in length were added
dry. Samples of fibre-containing foams were prepared on laboratory scale with a fiber content between
0.1 % and 1.5 %. Due to the addition of fibres, the modulus of elasticity at compression decreased slightly
but proportional to density. There are indications of a slight decrease in thermal conductivity due to the
addition of microcellulose. The fire resistance deteriorates slightly, possibly due to the use of highly
flammable solvents in the pre-treatment of the microcellulose. The water absorption of the foams
increases slightly due to the addition of fibres. Microscopic photographs show that the fibres, even with a
length of 200 µm, are too large to fit into the cell struts of the foam. In addition, the fiber content is too
low to form a reinforcing network. The comparison to foams with dry cellulose powder shows that the
foam system is not compatible with the solvents used to pre-treat the MFC.
▶ Experimental
Microfibrillated cellulose (MFC)
can be used as a sustainable,
biodegradable reinforcement fiber
for composites. Due to their high
polarity and huge specific surface,
the water retention is very high,
but material properties change
drastically by drying the fibers. To
keep MFC in a liquid to mix it into
a hydrophobic PUR system it was
de-watered in a solvent exchange
process before. Two types of MFC
and two types of dry cellulose
fibers were mixed into a twocomponent PUR foam system.
Maximum fiber content was
limited to ca. 1,5 % (w/w) by the
amount of solvent allowed by the
recipe and by increasing viscosity
of the mixture. Specimen of PUR
rigid foams with cellulose and
fiber-free references were tested
for compression strength, fire
resistance, thermal conductivity
and porosity. Morphology of the
foams
was
studied
with
microscopic images.

for all cellulose fibre-containing
samples. However, the density of
the foams also decreases due to
the introduction of fibers. In order
to reinforce a material, the added
fibres must not only exceed a
certain concentration but also be
chemically compatible to form
adhesion with the surrounding
polymer. It is assumed that the
concentration of the mixed-in
MFC was too low, the particle size
too big and the polar fiber surface
not interacting with the PUR
system. Furthermore, the solvents
used in the pre-treatment of the
MFC have a disturbing influence
in the foam system. The addition
of MFC and cellulose powder
changes the foaming process by
increasing the viscosity of the
formulation. It is possible that the
particles cause an altered cell
formation (nucleation) and thus
reduce the density of the foams.

The thermal conductivity of the
MFC-PUR samples is not changed
by the addition of dry fibers.
However, there are indications
that the thermal conductivity
could be reduced by the addition
of MFC. The flammability of the
foams is reduced by the addition
of MFC. It can be assumed that
pre-treatment of the MFC with
highly flammable solvents is the
cause.
▶ Conclusion
The
incorporation
of
microfibrillated cellulose into PUR
foams and the fabrication of such
specimen
was
successful.
Although physical properties of
PUR foams were not enhanced, a
progress was made in the
handling of microcellulose fibers.
Processes
such
as
solventexchange were applied and
validated.
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Cell struts

Light microscopy of a MFC fiber in
the cell strut of a PUR foam

Scanning electron microscopy of PUR foam without fiber content
(reference, left) and foam with fiber content (right), cut perpendicular
to foaming direction
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