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Abstract

Effects of addition of poly(vinyl alcohol) and inorganic salts on gel formation and viscosity of suspensions based on Nano-Fibrillar Cellulose (NFC) have been
Investigated. The gel structure of NFC suspensions was strongly affected by polymer addition. The viscosity of the NFC suspensions decreased substantially
over several days after the point of time of addition of the soluble polymer. The adsorption behavior of poly(vinyl alcohol) on cellulose nano-fibrils was investi-
gated using solution depletion methods.

Objectives

Nano-Fibrillar Cellulose (NFC) is a material with unique film-forming and binding properties (Henriksson et al. 2008, Fukuzumi et al, 2009). One of the major
obstacles for wider use of NFC in industrial scale is the high water content of the suspensions and the formation of gel-like structures already at low solids
content (Paakko et al. 2007). Several attempts have been done to reduce the viscosity by chemical modification of NFC. The objective of this study Is to un-
derstand how mixing and polymer adsorption (i.e. physical modification) affect flow properties of agueous NFC suspensions.

Experimental

NFC suspensions were produced by VTT, Finland and CTP, France in cooperation. A preservative was added to the suspension at low concentration in order
to prevent growth of micro-organisms. The as received NFC suspension diluted with water to 1.5 % (by wt.) solids had a complex viscosity of 72 Pas
(frequency 1 Hz) and a steady state shear viscosity of 0.32 Pas (shear rate 100 s™) as measured after homogenization for 1 day by magnetic stirrer at ca.
500 r.p.m. An AFM image of the as received sample (first generation) is shown in Figure 1.

Random copolymer poly(vinyl alcohol/vinyl acetate) (PVA) Alcotex 72.5 supplied by Synthomer, UK and Mowiol 4-98; 6-98; 10-98 supplied by Kuraray Speci-
alities Europe, Germany were used in physical modification of NFC. The properties of the different PVA grades are shown in Table 1.
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complex viscosity of PVA-containing suspensions.
Only after long period of time (>10 days), a significant higher viscosity of the salt-free compared to the salt-containing suspension could be observed. The
complex viscosity of the salt-containing suspension seems to level off at 5 Pas.
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Results - Suspension structure

The effect of PVA-adsorption on the structure of NFC suspensions was studied by light microscopy. The micrographs shown
In Figure 4 indicate that addition of PVA in combination with continuous mixing creates aggregates. The structure and the

viscosity of NFC
suspensions are
affected by small
additions of poly
(vinyl alcohol). It
IS also likely that
the observed vis-
cosity drop in
pure NFC sus-
pensions Is related to similar changes in the struc-
ture of the suspension.

This very slow flocculation behavior is probably
due to slow reorganization of the flowing units Iin
suspension, I.e. rearrangement of NFC aggre-
gates. Slow flocculation has been reported else-
Figure 4 Left: Micrograph of as received 1.5 % NFC suspension. Right: Micrograph of 1.5 % NFC sus- where for other types of polymer induced floccula-

pension also containing 0.06 % PVA 6-72 at pH 7.5. The PVA-containing suspension was stirred for tion mechanisms in agueous suspensions (see
41 days after PVA addition. e.g. Wennerstrom et al. 1998).
Results - Adsorption isotherms Results -

A plateau-value of adsorption was observed around 0.04 wt.% :

PVA In solution (see Figure 5) for the sample equilibrated during COmparlson
7/ days. The plateau-value corresponded to 8 mg PVA/g NFC. In Wlth fu”y
terms of the large specific surface area of nano materials, the

adsorbed amount shown in Figure 5 is rather low and it could hyd rolyzed
not be excluded that the results also were affected by entrap-
ment of PVA in the sediment during the analyzing procedure. PVA

A comparison of complex
viscosity between PVA 6-
/2 and two fully hydro-
lyzed grades (PVA 4-98
and PVA 10-98) reveals
only small differences Iin
behavior (Figure 6). There
was however a weak indi-

Figure 6 Complex viscosity of NFC suspensions at 1.5 % NFC,
0.06 % PVA, 20°C, pH 7-8 and 1 Hz vs. time of stirring at
500 r.p.m.

cation that the high vis-

cosity (high molecular
weight) PVA 10-98 was
less effective in reduction
of complex viscosity of
NFC suspensions.

When shear viscosity be-
tween different PVA
grades was compared
Figure 5. Adsorption of PVA 6-72 on NFC from aqueous solu- (see Figure 7), no signifi-
tion, pH 7-8 and 23°C at two different equilibrium times. cant differences between
the PVA grades were ob-
served.

Figure 7 Shear viscosity at 100 s™ of PVA-containing NFC-
suspensions containing 0.06 % PVA stirred 4 days compared
with pure NFC suspension stirred one day . Stirring rate

500 r.p.m., 1.5 % NFC, 20°C and pH 7-8.

Conclusions

PVA adsorbs on NFC form agueous solution and addition of PVA to water-borne NFC suspensions resulted in a decrease In viscosity. The effects on suspen-
sion viscosity were rather slow and it could take several days or weeks for the full effect to be developed. Modification of NFC by physical adsorption of PVA
IS a relatively simple method and PVA is biodegradable.
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