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Abstract:
Black liquor is the major by-product and biomass fuel of pulp mills, and the understanding of its thermophysi-
cal properties is essential for the improvement of the design and the operation of chemical recovery processes.
In this work, the rheological behaviour of industrial samples of Eucalyptus globulus black liquor was investigat-
ed to study the influence of solids content ranging from 13 % for the white liquor sample, and from 30 to 65 %
of dissolved solids for the black liquors, and of temperature from 298.15  to 338.15 K, covering shear rates from
0 to 1200 s-1. The black liquor showed a complex non-Newtonian behaviour, presenting at low shear rates a
pseudoplastic behaviour, followed by a viscosity Newtonian plateau. The modified Quemada model gives an
expression applicable to all the shear rate range, which was used to describe the flow curves for the viscosity of
E. globulus black liquors samples. Moreover, a correlation based on a VTF model with parameters dependent on
solids content was successfully developed for the viscosity data of the Newtonian plateau. 

Zusammenfassung:
Schwarzlauge ist das wichtigste Nebenprodukt und biobasierte Öl von Zellstofffabriken. Das Verständnis der
thermophysikalischen Eigenschaften ist für die Verbesserung des Verfahrens und die Durchführung der chemi-
schen Gewinnungsprozesse essentiell. In dieser Arbeit wurde das rheologische Verhalten der industriellen Pro-
ben von Eukalyptus-Schwarzlauge erforscht, um den Einfluss des Feststoffgehaltes in der Größenordnung von
13 % für die Weißlauge-Probe und von 30 bis 65 % für die aufgelösten Feststoffanteile für die Schwarzlauge-Pro-
ben bei Temperaturen zwischen 298.15 und 338.15 K im Schergeschwindigkeitsbereich von 0 bis 1200 s-1 zu unter-
suchen. Die Schwarzlauge wies ein komplexes nicht-Newtonsches Verhalten auf mit einem pseudoplastischen
Verhalten bei niedrigen Schergeschwindigkeiten und einem Newtonschen Plateau. Das modifizierte Quemada-
Modell führt zu einem Ausdruck, der für alle Schergeschwindigkeiten angewandt werden kann, und wurde für
die Beschreibung der Fließkurven der Eukalyptus-Schwarzlaugen-Proben herangezogen. Darüber hinaus wur-
de eine Korrelation, basierend auf dem VTF-Modell mit den Feststoffgehalt-Parametern, für die Viskositätsda-
ten im Newtonschen Bereich aufgestellt.

Résumé:
La liqueur noire est le principal sous produit et combustible de biomasse des moulins à pulpe, et la compréhen-
sion de ses propriétés thermophysiques est essentielle afin d’améliorer le design et l’opération des procédés de
récupération chimique. Dans ce travail, le comportement rhéologique d’échantillons industriels de liqueur noi-
re d’Eucalyptus globulus a été testé afin d’étudier l’influence de la fraction solide dans la gamme de 13 % pour
l’échantillon de liqueur blanche, et de 30 à 65 % de solides dissous pour les liqueurs noires, et pour des tempé-
ratures de 298.15 à 338.15 K, en couvrant des vitesses de cisaillement de 0 à 1200 s-1. La liqueur noire présente un
comportement complexe non Newtonien, avec un comportement pseudo plastique à basses vitesses de cisaille-
ment, suivi par un plateau de viscosité Newtonienne. Le modèle de Quemada modifié donne une expression
applicable à toute la gamme de vitesses de cisaillement, qui a été utilisée pour décrire les courbes d’écoulement
pour la viscosité des échantillons de liqueur noire d’E. globulus. De plus, une corrélation basée sur un modèle
VTF avec des paramètres qui dépendent des fractions solides, a été développée avec succès pour les données de
viscosité du plateau Newtonien. 
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with the above referred values. It can be per-
formed another comparison with the values pub-
lished in a paper by Cardoso et al. [22] about E.
grandis Brazilian black liquor. At 310.35 K and
51.5% solids content their black liquor has a vis-
cosity of 196 mPa·s while using Equation 5 a val-
ue of 148 mPa·s is calculated. Samples by Cardoso
et al. [22] were collected in a mill using a differ-
ent Eucalyptus wood cooked at a k number of 17,
while in the Portuguese mill where our samples
were collected this number is 14. Moreover, the
liquor organics/inorganics ratio for their samples
is 1.98 while ours is 1.5. These data point out to a
Brazillian liquor with larger dissolved organics
content, which rise the viscosity and less degrad-
ed lignin possibly with a higher molecular
weight. So these assessments confirm the good
applicability of the developed correlation (Equa-
tion 5), especially for Eucalyptus wood and even
for other hardwood liquors in all the several parts
of the recovery process.

4 CONCLUSIONS
In this work, experimental data on E. globulus
white and industrial black liquors viscosity over
shear rate range of 0 to 1200 s-1, solids content
range of 13% for white liquor and 30 to 59.5% for
black liquors, and temperature range of 298.15 to
338.15 K is presented and discussed. We found
that black liquor showed a complex shear depen-
dent non-Newtonian rheological behaviour pre-
senting different types of flows as a function of
shear rate, solids content, and temperature.
Moreover, all the samples analysed showed
time-dependent effects clearly stated in the hys-
teresis flow curves reported. Black liquors vis-
cosity increases when the solids content is raised
and/or the temperature is decreased, results that
are in close agreement with those found by oth-
er authors. The modified Quemada model was
used to express the viscosity in all the shear rate
range. The model was fitted with (most) satis-
factory results to the data. Starting from the VTF
model a correlation was found, which incorpo-
rates solids content dependent parameters. This
equation was successfully fitted to the viscosity
value of the Newtonian plateau. The utility of this
correlation to predict hardwood black liquor vis-
cosity, in ordinary industrial conditions, was test-
ed by performing several successful comparisons
with data available in the literature. It is observed

that at fixed solids content the viscosity decreas-
es exponentially with an increase in tempera-
ture. At a fixed temperature, higher values of vis-
cosity correspond to the highest values of solids
content. 
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