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ABSTRACT
Microfibrillated cellulose (MFC) was
studied in a series of stepped flow
measurements with varying point times. The
point time had a clear effect to measured
viscosities indicating that the suspension
was not in a steady state. Presence of
multivalent ions increased the difference
between the point times. A hysteresis loop
in viscosity-shear rate curve was observed
when the suspensions were measured from
high to low shear rates and back.
INTRODUCTION
Rheological
properties
of
microfibrillated
cellulose
(MFC)
suspensions have been under attention in
several papers from different points of view.
Dry matter content1-4, degree of fibrillation5,
suspension ionic strength1, 5, 6 and the effect
of various modifications to the cellulose
surface7, and the effect of polymers8 have
all been studied with regard to basic
rheological response in steady shear and
oscillatory measurements. Mechanisms for
the observed shear thinning behavior in
steady shear have been discussed and a
general conception is shear thinning is due
to changes in the (floc) structure as a
function of shear rate3, 9.Thixotropic nature
of the material has also often been noted, but
seldom discussed beyond stating the
obvious: adaptation of the floc structure to
prevailing shear conditions requires time.
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In this work, we present how varying
point time during stepped flow measurement
(flow curve) is reflected in the shear stress /
viscosity, and the observed floc structure.
From our earlier studies5,10 we know that in
a flow curve measurement, changes in the
floc structure correlate with a change in the
measured shear stress. Starting at low shear
rates, a plateau in shear stress is seen. In this
region, interfloccular network has sufficient
time to form new contacts while others are
being broken down. At high shear rates, the
shear stress is increasing as a function of
shear rate, and the fibrils flow in individual,
detached flocs. In between lies a transition
region, where the flocculated networks rate
of recovery is not sufficient to retain the
homogeneous structure but large flocs start
to separate from each other.
In addition to changes in the floc
structure, wall depletion and shear banding
may also play important roles in the
observed rheological results. Our current
imaging is done in 2D and does not yield
direct information of floc structure in the
radial direction of the cylindrical geometry.
In the future, we will expand our structural
analyses to 3D techniques coupled with
radial velocity profiling. In the meanwhile,
shear banding is discussed from modeling
point of view in a separate paper by
Mohtaschemi et al.10.

MATERIALS AND METHODS
Materials
Microfibrillated cellulose (MFC) was
prepared from never dried birch pulp by
mechanical
disintegration
in
Supermasscolloider (Masuko Sangyo).
Some of the pulp was washed to sodium
form prior to disintegration (“washed
MFC”), and rest was used as such
(“unwashed MFC”). Solid contents of the
materials were 2% (w/w).
Rheological measurements
The measurements were done using a
dynamic
rotational
rheometer
(TA
Instruments AR G2), with a standard metal
concentric cylinders geometry (bob and cup
radii 14 and 15 mm, respectively). Stepped
flow measurements were measured from
shear rate of 500 s-1 to 10-3 s-1 and back. The
same measurement was performed with
point times 60, 6, and 1 s. Before each
stepped flow measurement, the sample was
sheared 10 min at 500 s-1. The point time
600 s was measured in similar manner but
with a fresh sample. In the beginning and at
the end, a time sweep was measured at 0.5%
strain for 10 min to control possible changes
in the sample during the measurement.

RESULTS AND DISCUSSION
When unwashed MFC was measured in
stepped flow measurement, the viscosity
was drastically dependent on the point time
at low shear rates (Fig. 1). The point time 1
s gave approximately 10 times higher
viscosity than the point time 600 s. The
same difference was observed for washed
MFC but it was clearly smaller (Fig. 2).
When MFC is washed to sodium form, all
the counter ions on the fibers are changed to
Na+ ion and there should not be any surplus
ions present. Change of ions is performed
prior to mechanical disintegration and it
may also affect the grinding although
significant differencies have not been
observed.
Without
washing,
MFC
suspension contains multivalent ions that are
present in tap water. This leads to the
observed diffencenses in rheological
behaviour between unwashed and washed
samples originating in the mechanisms
behind the repulsion between fibres. The
repulsion is due to like electric charges on
fiber surfaces12. The ions present in the
suspending medium in unwashed MFC
screen the charges allowing the fibrils to
come closer to one another given enough
time12. This facilitates stronger, longer
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Figure 1. Stepped flow curves for MFC
in process water and varying point times: 1 s
(○), 6 s (●), 60 s (□), and 600 s (■).
Measured from high to low shear rates.
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Figure 2. Stepped flow curves for
washed MFC and varying point times: 1 s
(○), 6 s (●), 60 s (□), and 600 s (■).
Measured from high to low shear rates.
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Figure 3. Stepped flow curves for MFC in
process water with point time 1 s from shear
rate 500 to 10-3 s-1 (○) and back (●), and
with point time 60 s from shear rate 500 to
10-3 s-1 (□) and back (■).
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Figure 4. Stepped flow curves for
washed MFC with point time 1 s from shear
rate 500 to 10-3 s-1 (○) and back (●), and
with point time 60 s from shear rate 500 to
10-3 s-1 (□) and back (■).

lasting contacts between the fibrils which
equate to a more compact flocs in the
network. The longer the suspension is
sheared at low shear rates, the more time
fibrils have to collide and form contacts and
thus flocs, causing lower viscosity in Fig. 1.
Fig. 3 and 4 present the stepped flow
measurements measured from high to low
shear rate and back for washed and
unwashed MFC. Hysteresis is clearly
observed in the unwashed MFC suspension
(Fig. 3) with point time 60 s but with shorter
point time (1 s), the curves lie on top of each
other (Fig. 4). For the washed MFC, hardly
any hysteresis is detected at point times 1 or
60 s. This is in line with the results in Fig. 1
and 2 - it takes more energy (higher shear
rate) for the flocs to come loose with higher
ionic strength and longer point time.
CONCLUSIONS
Based on our findings, point time used in
the characterization of MFC suspension
bears great significance on the observed
results. The effect is particularly evident
when ions are present in the suspension
medium. Ions screen the repulsive charges
on fibre surface and thus allow fibres to
come into closer contact increasing the
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probability for flocculation and increasing
the friction between interfibrillar contact
points. These factors cause denser flocs to
appear with the higher ionic strength,
unwashed sample at longer point times as
seen from the lower viscosity and more
pronounced hysteresis. In the future, we will
further elaborate the relative contribution of
shear banding, wall depletion and changes
in the floc structure on the rheological
response by means of radial velocity
profiling and 3D structure imaging.
ACKNOWLEDGMENTS
This research is part of EffNet project
established by the Finnish Forest Cluster.
REFERENCES
1. Lowys, M., Desbrières, J. & Rinaudo, M.
(2001), "Rheological characterization of
cellulosic microfibril suspensions. Role of
polymeric additives ", Food Hydrocoll, 15,
25-32.
2. Pääkkö, M., Ankerfors, M., Kosonen, H.,
Nykänen, A., Ahola, S., Österberg, M.,
Ruokolainen, J., Laine, J., Larsson, P.T.,
Ikkala, O. & Lindström, T. (2007),
"Enzymatic Hydrolysis Combined with

Mechanical Shearing and High-Pressure
Homogenization for Nanoscale Cellulose
Fibrils
and
Strong
Gels
",
Biomacromolecules, 8, 1934-1941.
3. Agoda-Tandjawa, G., Durand, S., Berot,
S., Blassel, C., Gaillard, C., Garnier, C. &
Doublier,
J.
(2010),
"Rheological
characterization of microfibrillated cellulose
suspensions after freezing ", Carbohydrate
Pol, 80, 677-686.
4. Hill, R.J. (2008), "Elastic Modulus of
Microfibrillar
Cellulose
Gels"
Biomacromolecules, 9, 2963-2966.
5. Saarikoski, E., Saarinen, T., Salmela, J. &
Seppälä, J. (2012), "Flocculated flow of
microfibrillated cellulose water suspensions:
an imaging approach for characterisation of
rheological behaviour", Cellulose, DOI:
10.1007/s10570-012-9661-0.
6. Ono, H., Shimaya, Y., Hongo, T. &
Yamane, C. (2001), "New Aqueous
Dispersion of Cellulose Sub-micron
Particles: Preparation and Properties of
Transparent Cellulose HydroGel(TCG)",
Trans Mat Res Soc Japan, 26, 569-572.
7. Lasseuguette, E., Roux, D. & Nishiyama,
Y. (2008), "Rheological properties of
microfibrillar suspension of TEMPOoxidized pulp", Cellulose, 15, 425-433.
8. Karppinen, A., Vesterinen, A., Saarinen,
T., Pietikäinen, P. & Seppälä, J. (2011),
"Effect of cationic polymethacrylates on the
rheology and flocculation of microfibrillated
cellulose", Cellulose, 18, 1381-1390.
9. Iotti, M., Gregersen, O.W., Moe, S. &
Lenes, M. (2011), "Rheological Studies of
Microfibrillar Cellulose Water Dispersions",
J Pol Environ, 19, 137-145.
10. Karppinen, A., Saarinen, T., Salmela, J.,
Laukkanen, A., Nuopponen, M., & Seppälä,

116

J. (2012), "Flocculation of microfibrillated
cellulose in shear flow", submitted.
11. Mohtaschemi, M., Karppinen, A.,
Saarinen, T., Puisto, A., Lehtinen, A., Illa,
X., & Alava, M. (2012), "Shear banding and
colloidal models", Annu Trans Nord Rheol
Soc, 20, 231-236.
12. Hubbe, M.A., Rojas, O.J., (2008),
"Colloidal stability and aggregation of
lignocellulosic materials in aqueous
suspensions: a review", BioResources, 3,
1419-1491.

