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Rheology of Different Corncob Biomass Slurries for
Hydrodynamic Cavitation Based Biomass Pretreatment Process
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Rheology properties of biomass slurry are considered essential for designing a bioreactor to
understand the flow behaviour of materials inside the reactor. The biochemical composition of
raw corncob samples used in this study include: 36 % of cellulose, 27.38% of hemicellulose and
17.60 % of lignin. Rheological measurements of corncob biomass slurrires at loadings of 2.50,
3.75 and 5.00 % indicated a non Newtonian behaviour, showing yield stress and shear thinning.
Based on the results, it is concluded that, corncob biomass slurry loaded up to 5% could be well
suited for hydrodynamic cavitation reactor used for pretreatment process.
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Rheology plays a vital role in designing cost
effective processes such as biomass pretreatment,
fermentation and handling of different biomass
slurries (Riedlberger and Weuster-Botz, 2012). It
is also used to understand the product’s structural
behavior (Steffe, 1996), which is esstential for
designing the materials handling machineries.
Rheological behaviour depends on various factors,
including chemical composition, particle size and
shape, surface effects and / or additives presenent.
These factors are generally heterogeneous in
biomass suspensions, once particles vary in terms of
composition, size and shape (Stickel et al., 2009). The
flow characteristics of suspensions can be defined
both by the continuous or dispersed phase and even
by the influence of one on another (Ferguson and
Kemblowski, 1991). Development of pretreatment
reactor handled with high biomass loading involves
more challanges in design, especially material mixing
and handling process (Jgrgensen et al., 2007a).
Therefore, an understanding of flowbehaviour and
their rheology, during the biomass conversion to
simple sugars will provide perceptiveness into the
processing challenges. Methods to measure various
rheological properties of concentrated pretreated
corn stover (PCS) have been previously investigated
(Pimenova and Hanley, 2003, 2004; Viamajala
etal., 2009). The present study has been conducted
to evaluate the rheological behaviour of different
corncob biomass slurries prepared at various biomass
loadings, which may be useful to design a bioreactor
for hydrodynamic cavitation based pretreatment
process.

Material and Methods
Biomass preparation

The lignocelluosic biomass feedstock selected
for this study was corncob biomass, which was dried
up to 14 % moisture, followed by size reduction
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in a sequence shredder, pin mill, and grinder. The
powdered biomass was sieved with ASTM 70 sieve
and the final size of the biomass particles used for
the experiment was < 212 uym.

Chemical characterization and rheological
measurements

The cellulose, hemicellulose and lignin contents
of the biomass were analysed following the the
protocol suggested by National Renewable Energy
Laboratory (NREL) (Sluiter et al., 2004). The
rheological properties of corncob biomass slurry were
studied by using the Modular Compact Rheometer
MCR 52 (Anton Parr) equipped with spindle ST
24-2D/2V/2V-30. The properties such as viscosity—
shear rate and shear stress—shear rate relationship of
the biomass slurries were measured at different shear
rates from 1 to 100 s™'. The experiments were carried
out at 30°C at different biomass loadings viz., 2.50,
3.75, 5.00, 6.75, 7.5, 8.75 and 10.00 %. Bingham,
Power law, Casson, Ostwald and Herschel-Bulkley
rheological models were used to describe viscous
flow behaviours of biomass slurries (Pimenova and
Hanley, 2003; 2004). Corncob biomass slurries
were uniformly mixed before sample testing. The
rheological data were obtained from the Rheoplus
32V3.61 software and used for further analyses.

Results and Discussion

Chemical characterization

The cellulose, hemicelluloses and lignin content of
corncob samples were found to be 36.00, 27.38 and
17.60 %, respectively. A similar range of values for
cellulose (37.4-45 %), hemicellulose (35-40.8 %) and
lignin (15-18.8 %) was reported by Sun and Cheng
(2002) and Parajo et al. (2004) for corncob samples.

Rheological properties of selected biomass

The apparent viscosity and yield stress of the
tested corncob slurry samples (2.50, 3.75, 5.00, 6.75,
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7.5, 8.75 and 10.00 %) were measured by modular
compact rheometer at 30°C. From the experimental
data, two plots were drawn for shear stress (Pa)
versus shear rate (s™') and viscosity (Pa.s) versus
shear rate (s™'). The following rheological models were
employed to analyse the experimental data.

Herschel-Bulkley — :  1=71+Ky" ---ooeeee- (1)
model

Bingham model T= Ty+KY ......... (2
Casson model 105= (Ty)0-5+n (y)°5-~(3)
Ostwald model T=Ky" - (4)
Newton model T=PY" - (5)

Casson model was found to be the best fit for
the shear stress versus shear rate of tested biomass
slurries and it showed a good representation of the
experimental data as compared to the other four
models. The R? value is a measure of the goodness
of fit and it ranged from 0.58 to 0.98, 0.51 to 0.89,
0.45 to 0.92 and 0.04 to 0.75 for Casson, Ostwald,
Herschel - Bulkley and Bingham models, respectively
for biomass loading from 2.5 to 5 % (Table 1). If the

biomass loading exceeds 5 %, R2 values were not
showing the goodness of fit. Hence, more than 5
% biomass loading was not considered for further
discussion. Hence, the biomass loading of 2.50, 3.75
and 5.00 % were taken for optimizing the biomass
loading rate in the catalytic HCR.

Flow behaviourof the corncob biomass slurries
was mainly influenced by the yield stress. Yield stress
provides the necessary initial energy to induce the
flow of biomass slurries, at high solid concentration.
The biomass particles were found to be highly
disordered and misaligned, thereby, increasing the
residual stress. The breakdown of a three dimensional
structure along with the increase of shear rate caused
the release of interstitial water, thereby reducing
the apparent viscosity, resulting in shear thinning
behaviour (Sato, 1995; Seka and Verstraete, 2003).

For any non Newtonian fluid, the relationship
between shear stress and shear rate is not a
constant. The viscosity of this kind of fluids depends
on the applied shear force and time. Shear-thinning
behaviour was observed for all the tested biomass
slurries. It clearly showed that a decrease in viscosity
of biomass slurry was observed with respect to

Table. 1. Comparison of rheological model tested for different biomass loading rates

Biomass Herschel-Bulkley model Bingham model Ostwald model Casson model Nn?c\;\ggr

loading% T (Pa) N Rz  s(n-1) T1(Pa) s(n-1) R2? Rz s(n-1) Tt (Pa) Rz s(n-1)  s(n-1)
2.50 836.22 0.01 045 752 1294 996 0.04 089 338 3798 058 6.57 15.10
3.75 877 193 0.99 - 10.13 - 0.99 0.99 - 16.13  0.99 - 7.50
5.00 2311 0.01 092 3177 27932 5576 0.75 051 7827 1806.6 0.98 14.09 166.99
6.25 23,50 0.59 - 91.17 20.36 91.46 - 0.17 8287 2846 0.01 90.71 95.06
7.50 1990 1.06 0.01 43.19 20.11 43.16 0.01 024 3794 26.88 0.04 4255 47.16
8.75 2163 097 004 3037 2150 3039 0.04 031 2573 2938 0.08 29.68 35.11
10.00 479.76 0.01 0.22 15.61 2237 16.88 0.09 047 1289 3048 0.17 16.08 23.00

increase in shear rate. The corncob biomass slurry
at different time intervals followed the non Newtonian
fluid behaviour. The main cause for this kind of flow
behaviour may be due to breakdown of structural
units of tested materials and the hydrodynamic forces
generated by shear action (Rao, 2007). The Casson
model has been used to model shear-thinning
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Fig. 1. Viscosity and yield stress as function of
biomass loading

behaviour in a diverse range of materials including
blood, printing ink, food products, mineral, polymer
suspensions and composites (Nguyen and Boger,
1992), also biomass slurries (Pimenova and Hanley,
2004).

The negative value of the plotted curves (Fig. 1)
implies that these slurries exhibit pseudo-plastic or
shear-thinning behaviour in the range of shear rates
tested for the biomass slurries. Exact mechanism
leading to pseudo-plasticity in biomass slurries was
not known (Pimenova and Hanley, 2003, 2004).
It was clearly seen that viscosity and yield stress,
increased with increase in biomass solid loading
(Fig. 1). A similar result has been reported for corn
stover slurries (Pimenova and Hanley, 2003, 2004).
A decrease at 3.75 % as shown in Fig.1 indicates
that the biomass loading might have been influenced
by particle size, shape, size distribution and aspect



ratios (Chang and Powell, 2002; Goto et al., 1986;
Goudoulas et al., 2003; Liu and Masliyah, 1996;
Roh et al., 1995; Stickel and Powell, 2005; Vladu
et al., 2006). This shear thinning behavior was also
observed in different kind of suspensions such as
fruit pulps like tomato (Sharma et al., 1996), mango
(Bhattacharya, 1999), slurries of limestone (He et al.,
2006), nickel (Bobicki et al., 2014) and biomass of
corn stover (Viamajala et al., 2009).

Conclusion

Rheological study concluded that Casson model
was the best fit for corncob slurries with biomass
loading of 2.50, 3.75 and 5.00 % and they exhibited
pseudoplastic or shear-thinning behaviour. Results
also showed that, biomass loadings of up to 5 % of
corncob slurries could be used to design bioreactor for
hydrodynamic cavitation based pretreatment process.
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