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With the aim of determining the applicability of shallow spouted beds to dry moist
sludge wastes from paper industry, an experimental study, with different geometric
factors and at different experimental conditions at gas inlet temperatures from room
temperature up to temperature of 140 °C, has been carried out. The stable experimental
conditions have been determined and the experimental results of minimum spouting
velocity have been fitted to the equation proposed by Mathur and Gishler (1955). The
results prove the applicability of these contactors for drying of sludge from paper
industry.

1. Introduction

Since the 20th century the disposal of sludge wastes from paper industry has become an
environmental and social problem, since the physical-chemical and mechanical
characteristic of the sludge provide a variable behaviour when they are exposed at
environmental conditions, because of the normal process of decomposition. In addition,
the great amounts produced daily cause that it would be considered a special waste.
Therefore, other alternatives of use and valorization, different from the final disposition
in the ground (Garrett and Garret, 1995; Hoyos et al., 2000; Tay, 2000), are required.
Besides the environmental and sanitary problems, it is necessary to consider that sludge
with mechanical drying contain great water content, greater than wt % 100 in dry base,
which increases the costs of manipulation and transport and makes difficult a possible
later incineration

The thermal treatment by drying would be the more suitable alternative because allows
for reducing moisture content, therefore the weight of these wastes will be reduced too.
Furthermore, drying is the first stage of the incineration process. Elsaesser et al., (2009)
carried out dewatering of sewage sludge. Moreover, the first application of spouted beds
was drying of grain. Several authors have used spouted bed in drying of granulated
materials (Altzibar et al., 2007, 2008; Mujumdar, 1984; Passos et al., 1987; Strumillo et
al., 1980; Viswanathan, 1986) and pasty materials (Almeida et al., 2010), sewage sludge
(El-Naas et al., 2000) and paper sludge (Kudra et al., 2002).
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In previous papers it has been proved that spouted bed technology is successful for
wastes treatment (Olazar et al., 1994; San José et al., 2002a, 2002b, 2006) and drying of
sludge from the paper industry (San José et al., 2008) and thermal treatment of sludge
from the paper industry (San José et al., 2010). In addition, this technology removes the
disadvantages of sludge treatment (stickiness, wide sizes distribution, etc), and allows
for drying at low temperatures.

In order to dry sludge from paper industry, in this paper, shallow spouted bed has been
chosen as a novel dryer, considering this technology suitable due to ability to handle
solids and mixtures of different sizes and textures (stickiness and hardness with
attrition) and with different water contents.

2. Experimental

The experimental unit designed at pilot plant scale, shown in Figure 1, allows for
operation with contactors of different geometry. It consists of a blower that supplies a
maximum flow rate of 300 Nm*h™ at a pressure of 15 kPa, and two high efficiency
cyclones in order to collect fine particles. The flow rate is measured by means of two
mass flowmeters in the ranges of 50-300 and 0-100 m® h™%, both being controlled by a
computer. The accuracy of this control is 0.5% of the measured flow rate.
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Figure 1: Experimental equipment

A novel drying contactor, Figure 2, a shallow spouted bed of angle of the conical base,
T, 60°% column diameter, D., 0.152 m; base diameter, D;, 0.62 m; with different gas
inlet diameters, D, between 0.03 and 0.05 m and at different experimental conditions

(stagnant bed height, H, up to 0.4 m; Sauter mean diameter, @ and gas velocity, u)
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has been used and the optimal design for the treatment of sludge has been obtained. The
operation has been carried out at minimum spouting velocity and at higher gas
velocities.

Sludge studied has Sauter mean particle diameter, @ = 2.81 mm and density, ps= 1123

kg/m°. Solid moisture measured by means of a Mettler Toledo hygrometer and by an
AQUA-Boy KPM HM I hygrometer is wt % 103 in dry basis.

The treatment of sludge at temperatures from room temperatures up to 140 °C has been
carried out with air heated by means of an electrical heating device, located at the inlet
of the contactor.

Figure 2: Geometric factors of the drying contactor

3. Results

In order to determinate the applicability of shallow spouted beds dryer for treatment of
sludge from paper industry, the spouting regimes of uniform beds consisting of moist
sludge have been determined experimentally and minimum spouting velocity has been
calculated at temperatures from room temperatures up to 140 °C with different gas inlet
diameters and at different experimental conditions.

The experimental data of minimum spouting velocity of beds of moist sludge in shallow
spouted beds dryer have been fitted to the equation proposed by Mathur and Gishler
(1955):

Ums :(d_pj (&Jﬂs {29 Ho (ps —p) :|1/2 1)
D¢ )\ D¢ p

The maximum relative error of experimental data to the calculated by this equation is
9%.

As is deduced from eg. (1), the minimum spouting velocity of beds consisting of sludge
wastes for systems that are only different in temperature, depends only on gas density.

In Figure 3 the operating map in plots of gas inlet temperature, T, against gas velocity, u
(referred to diameter of the cylindrical section) is shown for a system taken as an
example (angle of the conical base, y,, 60°; gas inlet diameter, D, = 0.04 m; stagnant
bed height, H,= 0.20 m; uniform beds consisting of sludge of Sauter mean particle
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diameter, @ = 2.18 mm). In this map, the spouting regimes for different velocities and

gas inlet temperatures are shown, points correspond to experimental values and lines to
the theoretical values obtained with eq. (1). As it is observed in Figure 3, starting in the
fixed bed as gas velocity is increased stable spouted bed regime is reached. As gas inlet
temperature increases, gas velocity necessary to attain the spouted bed regime increases,
so the spouted bed zone decreases. Nevertheless, shallow spouted beds dryer present a
wide range of operating conditions for the treatment of sludge with high water content,
as sludge from the process of paper manufacture. In addition, the system is stable for
any the experimental conditions studied.
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Figure 3: Effect or tne gas iniet temperature on e spouung regimes or beds consisting

of uniform beds of sludge wastes of i = 2.81 mm. Experimental system: = 60°; gas

inlet diameter, D,= 0.04 m; stagnant bed height, H,= 0.20 m; gas inlet temperatures,
T= 25, 50, 80, 100, 125 and 140 °C. Points: experimental values, lines: calculated
values.

Conclusions

An experimental study has been performed to determinate the stability of beds
consisting of moist sludge wastes in shallow spouted beds at temperatures over room
temperature.

Operating maps at temperatures over room temperature in dryers with different gas inlet
diameters and at different experimental conditions have been obtained. It is observed
that as gas inlet velocity is increased, the system passes from the fixed bed to spouted
bed regime. Minimum spouting velocity increases slightly as gas inlet temperature
increases from room temperature up to 140 °C. In spite of stable operation zone
decreases, this zone is wide enough up to 140 °C to treat sludge wastes from paper
industry with a shallow dryer spouted bed.
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The validity and applicability of the correlation proposed by Mathur and Gishler (1955)
for calculation of minimum spouting velocity in spouted beds has been proven for
treatment of beds consisting of moist sludge wastes for paper industry in shallow
spouted beds in a wide range of operating conditions at different gas inlet temperatures
from room temperature up to 140 °C.

From the experimental results can be concluded that the system is stable for any
experimental conditions studied and that shallow spouted beds have a good behaviour
for stable treatment of beds consisting of moist sludge wastes. Therefore, shallow
spouted beds dryers are suitable for the drying of beds consisting of moist sludge wastes
in a wide range of gas inlet diameters and operating conditions.

Nomenclature

D., D;, D, Diameter of the column, of the bed bottom, and of the bed inlet,
respectively, m

dg Sauter mean diameter, m

He, Ho Height of the conical section and of the stagnant bed, respectively,
m

g Gravity, ms™

T Temperature, °C

U, Ums Velocity and minimum spouting velocity of the gas, respectively,

-1

ms

Greek Letters

b angle of the conical base of the contactor, deg
Ps density of the solid, kg m™
p density of the gas, kg m*
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