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Abstract. This work aims to characterize the fluid dynamic behavior of binary mixtures of biomass and sand, by
determining the fluidization curves of these mixtures. The biomass investigated were eucalyptus bark (Eucalyptus sp.)
and pine bark (Pinus elliottii). Experiments were performed in a bench scale reactor at UNISINOS, with internal
diameter of 94 cm and 1.2 m high. The biomass samples had average particle sizes of 579.13 um (pine) and 537.50 um
(eucalyptus) with densities of 1.271 g/cm3 and 1.386 g/cm? respectively. The mixtures were made in proportions between
1.43% to 41.89% of biomass in mass. Fluidization curves were analyzed and initial (us), apparent (us) and complete
(ure) fluidization velocities were determined. The characteristic velocities were highly affected by the biomass
concentration in the mixture and also by the kind of biomass, meaning that even for similar density and particle size,
biomass morphology and composition are key features in the process of fluidization. The results showed that with the
increase of the proportion of biomass characteristic velocities tend to increase, and that eucalyptus bark particles present
the tendency to agglomerate and prevent an efficient fluidization.
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1. INTRODUCTION

The increasing need for use of renewable resources for power generation has stimulated research using available
biomass to replace fossil fuels, which in turn are finite and polluting. Biomass in Brazil is highly relevant in the electricity
and transport sector (ethanol from biomass) and therefore studies in this direction are very important. It is estimated that
in Brazil, the potential for cogeneration using biomass would be enough to meet half of the increase in energy demand
over the next decade. (World Energy Council, 2013). Among all kinds of biomass, lignocellulosic biomass are a good
choice as energy sources in thermal energy conversion, for their properties and availability. Lignocellulosic are obtained
from farming, residuals of the wood, timber and paper industries.

One of the most efficient ways of converting biomass into electricity is fluidized bed combustion. Fluidized beds are
widely used in industry, since it provides a fluidized mixture of particulate and fluid with high heat transfer rates and
mass, as well as a good temperature homogeneity of the mixture. (Cremasco, 2012).

Due to the characteristics of some biomasses, which generally have random and irregular shapes, it becomes quite
difficult to fluidize without the use of an inert material. Sand, alumina or calcite are usually employed as inert material.
(Rao and Bheemarasetti, 2001).

Biomass and inert material characteristics, such as density, size and sphericity, directly affect fluidization, besides
being essential information for design of fluidized beds. In addition to the properties of particulate, mixing ratios between
particulate and inert material have influence on fluidization characteristics. According to Tannous and Lourenco (2015),
lignocellulosic biomass particles have unique characteristics that influence their fluidization and models for inorganic
particulate are not capable of predicting the fluidization behavior of such systems.

Thus, this work aims the physical characterization of biomass and inert material and the fluid dynamic behavior of
their mixtures. Lignocellulosic biomass from eucalyptus barks (Eucalyptus sp.) and pine barks (Pinus elliottii) are
common waste generated in the timber industry. Thus, in this study, we used these biomasses, provided by a MDP
(medium density particles) panels industry, located in Montenegro-RS.

Many studies have been conducted to determine the minimum fluidization velocity of binary mixtures. Goosens et
al., (1971), modified Wen e Yu (1966) equation, according to Eq. (1).
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where, dnm is the average size of the mixture, ums is the minimum fluidization velocity of the mixture, pq is the density of
the gas, W is the viscosity of the gas and pn is the density of the mixture. The authors replaced the density of component


mailto:ggenehr@gmail.com
mailto:hartur.kunzler@gmail.com
mailto:fzinani@unisinos.br
mailto:mlsperb@unisinos.br

Proceedings of ENCIT 2016 16" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2012 by ABCM November, 07-10t", 2016, Vitéria, ES, Brazil

by the density of the mixture (pom) and the component particle size by the average size of the mixture (dm). They noted that
the equation could be used for binary mixtures with different particle sizes and densities.

Paudel and Feng (2013) conducted experiments with binary mixtures of inert and biomass using sand, glass beads
and alumina as inert components and shell nut and corn cob as biomass. The experiments used an acrylic tube as cold bed
with internal diameter of 0.145 m and 1 m in height and air as fluidization media. The binary mixtures ranged from 10%
to 90% by weight of biomass in the mixture with constant increment of 10% in biomass.

From the Ergun equation modified by Wen and Yu (1966), Eq. (1) and based on data generated by other authors and
these experiments, Paudel and Feng (2013), proposed a new correlation, Eq. (2), to determine the minimum fluidization
velocity of particles and homogenous mixtures of biomass and inert.
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where Xy, is the concentration in mass percentage of biomass, Re is the Reynolds number and Ar is the Archimedes
number.

This study aims to characterize the fluid dynamics of fluidized beds composed of mixtures of lignocellulosic
biomasses and sand by determining the fluidization curves, minimum fluidization velocity, bed expansion versus
superficial gas velocity and bed porosity in minimum fluidization state.

2. MATERIAL AND METHODS
2.1 Characterization of materials

In this work, sand and two types of biomass were used (pine bark and eucalyptus bark). Biomass barks were chopped
using a SEIBT brand mill, MGHS 270A model after drying the samples in an oven.

To determine the average particle sizes, particle size analysis was performed using a set of 1SO 3310/1 standard
sieves. After determining the mass fractions retained in sieves were then calculated the average diameters between the
sieves and calculated the Sauter mean diameter (d,), defined by Eq. (3).
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where dp is the Sauter mean diameter, x; is the sample mass fraction retained in the sieve and dy; is the average diameter
between the sieves.

The density of materials were determined by pycnometry with helium gas, using a Micromeritics AccuPyc 11 1340
equipment. The analysis is based on the variation of pressure and volume of helium between two chambers of calibrated
volumes. A sample of known weight quantity is placed in the first reservoir and this is then pressurized with gas. After
stabilization of the pressure in the first reservoir, the gas is released to another chamber, also of known volume. After
stabilization of the pressure, the gas volume is measured again. The density of the sample is calculated by the variation
of gas volume and mass of the sample.

The bulk density of each material was determined by placing a known mass quantity inside the bed. The height was
then measured and calculated the volume occupied by it. By dividing the sample weight by the volume is obtained the
bulk density. This procedure was repeated three times for each material.

Sand particles sphericity was determined from images obtained in a scanning electronic microscope (SEM). Using
the software ImageJ 1.48v, the image was convert to binary where the overlapping or incomplete particles were then
removed. The software identifies particle contour polygons and determine the greater inscribed diameter (dyi) and smaller
circumscribed diameter (dec) of each polygon. According to Massarani and Peganha (1986), the sphericity of each polygon
was determined, and then the average sphericity of the sand sample was determined. The sphericity of biomass was not
determined since their shapes were quite fibrous. A summary containing the characteristics of the materials was organized
in Tab. 1.

Table 1. Summary of characteristics of samples.

Sample dp (um) pp (g/cm?) pap (glcm?) @
Sand 220.43+7.83 2.639+8.0x10™ 1.598+0.022 0.74
Eucalyptus 537.50 1.3865.5x10°  0.093+0.0026 -

Pine 579.13+2.30 1.271+1.1x10°3 0.286+0.029 -
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2.2 Fluidization bench

A test bench was designed to perform fluidization experiments. A schematic diagram of the fluidized bed is show in
Fig. 1. The main part is the riser (04). It is where the particles are placed and fluidized. The riser was made of a plexiglass
tube with internal diameter of 94 mm and wall thickness of 3 mm. At the bottom of the bed there is a distributor (05). It
is from where the air flows to fluidize the particulate. It consisted of a cylindrical stainless steel tube, with a length of 100
mm and filled with marbles to homogenize the airflow. Compressed air was used as the fluidization agent. A flow meter
(02) and a pressure indicator (01) were installed at the compressed air line. A differential pressure transducer (03) was
employed to measure the pressure loss from the air distributor to the freeboard. The data was collected at a frequency of
1 Hz by a data logger (06).

Figure 1. Fluidization bench schematic.

2.3 Experimental procedure

The fluidization experiments were performed with eucalyptus bark, pine bark, sand and binary mixtures of sand with
biomass, with 20%, 30%, 40%, 60% and 80% of biomass on the total volume of the mixture. The experiments were
evaluated quantitatively and qualitatively and recorded with images.

2.3.1 Determination of the fluidizing curves

The samples were placed in the bed and the airflow was increased as much as possible in order to mix the components.
After approximately 10 seconds, the airflow was reduced to zero abruptly and then gradually increased to register the
fluidization curve.

From the zero gas flow, the flow control valve is gradually opened until the gas reaches its maximum flow. Every 1 s
the pressure differential was recorded by the data acquisition board. The opening of the flow control valve was performed
quickly and slowly, but no difference in the curves were observed. Furthermore, fluidization curves (gas flow increase)
and defluidization curves (gradual reduction of gas flow) were recorded.

2.3.2 Determination of the characteristic velocities

The characteristic velocities of the homogeneous samples and binary mixtures were determined using the pressure
drop method from the graphics that relate fluid velocity and pressure drop in the bed. These velocities were identified
according to the classification of Mourad et al., (1994):

e us;, initial fluidization velocity. When the first movements of the particles occur.

e Us, apparent fluidization velocity. Identified between the initial fluidization velocity of particles and segregation.

e Us, complete fluidization velocity. It is where the biomass is completely supported by the airflow.

The minimum fluidization velocity or apparent fluidization velocity is determined by the intersection between the
lines fitting the fixed bed region (ems) and on constant pressure drop region after the fluidization.
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3. RESULTS AND DISCUSSION
3.1 Sand and eucalyptus mixtures curves

Figure 2 shows typical fluidization and defluidization curves for the mixtures of sand and eucalyptus bark pieces,
with their characteristic velocities marked.

From the observation of the whole set of fluidization and defluidization curves, it was noted that the minimum
fluidization velocity increased with increasing eucalyptus mass fraction in the mixture, but the pressure drop along the
bed decreased. This behavior is due to the increase of preferential channels created by airflow. Eucalyptus has a very low
bulk density, thus maintain voids between particles, facilitating the passage of the airflow. Thus, a higher velocity to start
the fluidization is necessary, causing velocity increase without necessarily increasing the pressure drop. In fact, for
mixtures with higher concentration of biomass, the pressure drop is lower because the bulk weight of the mixture is lower.
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Figure 2. Fluidization and defluidization curves for sand and eucalyptus mixtures of 20% by volume of biomass.

For mixtures containing more than 8.07% by weight of eucalyptus, corresponding to mixtures with 60% and more by
volume of biomass it was not possible to determine the fluidization curves. Biomass particles were so agglomerated that
the process was unpractical. For mixture with 40% by volume of eucalyptus, the fluidization occurs, however due to the
agglomeration of the biomass, preferential channels were formed and the bed of particles settled down. Therefore, after
minimum apparent fluidization, the pressure drop decreases abruptly due to the channeling effect.

3.2 Sand and pine mixtures curves

Figure 3 presents typical fluidization and defluidization curves of mixtures of sand with pine. Comparing the whole
set of curves with those of mixtures of sand and eucalyptus bark, it was observed that the characteristic velocities were
lower in mixtures of sand and pine, thus suggesting a better mixture between these two materials. This homogeneous
characteristic was also observed in the pressure drop levels of these mixtures that are higher in relation to sand and
eucalyptus.
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Figure 3. Fluidization and defluidization curves for sand and pine mixtures of 20% by volume of biomass.

Table 2 summarizes the characteristics velocities of sand and biomass mixtures.



Proceedings of ENCIT 2016 16" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2012 by ABCM November 07-10", 2016, Vitoria, ES, Brazil

Table 2. Characteristics velocities for mixtures of biomass with sand.

dp Volume X Usi Uta Unt Urc
Component . of
[um] biomass [%] [m/s] [m/s] [m/s] [m/s]
[%]
Sand 220.43 0% 0.00% 0.014 0.090 0.090 0.542
20% 1.45% 0.040 0.072 0.072 0.449
30% 2.45% 0.063 0.142 0.156 0.512
Eucalyptus 537.50 40% 3.85% 0.070 0.181 0.185 0.536
60% 8.07% - - - -
80% 18.96% - - - -
20% 4.12% 0.096 0.198 0.202 0.695
30% 7.14% 0.085 0.178 0.180 0.728
Pine 579.13 40% 10.68% 0.076 0.211 0.223 0.750
60% 21.19% 0.071 0.274 0.308 0.765
80% 41.89% - - - -

3.3 Effect of the type of biomass

In the case of sand and eucalyptus bark, there was considerable difference between the bulk density of these particles,
being 1.598 g/cm?3 and 0.093 g/cm? respectively. Furthermore, eucalyptus particles have a shape close to rectangle and
very fibrous, causing them to agglomerate. Therefore, when the volume fraction of eucalyptus becomes greater than 40%,
channels are formed along the bed preventing its fluidization, as can be seen in Figure 4. It is also possible to observe that
eucalyptus shows higher segregation making it more difficult to fluidize.

Figure 4. Preferential channels in the fluidization of eucalyptus bark pieces.

On the other hand, mixtures containing pine bark, which also has a bulk density (0.286 g/cm3) quite different of sand
(1.598 g/cm3), have better behavior during fluidization. This difference probably occurs because the pine particles have a
shape closer to spherical in relation to the eucalyptus particle. According to Nienow and Rowe (1976), the difference
between the particle densities has more influence on the fluidization than the particle size.

Despite the better fluidization behavior of the pine, it is possible to observe a material segregation in Fig. 5. This
segregation is associated with particle size of pine sample used, which has significant proportions of various sizes. Smaller
and lighter particles segregate and remains in bed surface.
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Figure 5. Segregation during fluidization of pine bark pieces.
3.4 Effect of biomass fraction

Figure 6 shows the behavior of the minimum fluidization velocity by increasing the mass concentration of biomass
in the mixture.

With the increase of eucalyptus mass fraction, it is possible to observe an increase of minimum fluidization velocities.
Due to the cohesive characteristic of eucalyptus biomass, a higher gas velocity is required, but over 3.85% of eucalyptus
mass in the mixture that represents 40% in volume of biomass, it was impossible to achieve the fluidization state.

For mixtures of sand with 4.12% by weight of pine and sand with 3.85% by weight of eucalyptus, it is observed a
very similar minimum fluidization velocity between the mixtures as shown in Fig. 6. It may be observed that for the
smallest eucalyptus mass fraction, the minimum fluidization velocity was lower than that of sand, and that the results for
Umf Were very similar when comparing biomass mass fractions. However, it is important to stress that in the fluidization
of eucalyptus with sand, there was much segregation.
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Figure 6. Biomass fraction influence on minimum fluidization velocities.

Figure 7 shows the evolution of characteristics velocities of mixtures of sand and biomass. The apparent and minimum
fluidization velocities have an evolution with increasing mass of the biomass, but the complete fluidization velocity shows
a decrease with increase of the mass of biomass on the mixtures of sand with eucalyptus, due to the segregation of
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eucalyptus. The initial velocity increases with increasing of pine mass fraction in the mixture. This initial velocities
increase is associated with the increased of pressure loss generated due to the homogeneity of the mixture of sand with
pine.
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Figure 7. Characteristics velocities for eucalyptus mass fractions and sand and for pine mass fraction and sand.
5. CONCLUSIONS

From the results of this work the following conclusions are presented:

Due to the characteristics of eucalyptus and pine, it was not possible to obtain the fluidization curves of these
individual biomasses. It is only possible to fluidize these materials when mixed to a more appropriate one, such as sand.

Eucalyptus characteristics influenced negatively in fluidization of the mixtures due to the cohesive characteristic,
leading to agglomerations and the formation of preferential channels.

Mixtures of sand and pine had a superior quality for fluidization compared to eucalyptus, due to particle shape and
bulk density, but for mixtures with a concentration higher than 21.19% by mass of biomass, that represents 60% by
volume of biomass, it was not possible to achieve fluidization, due to segregation of materials.
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