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approaches.
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In the present work, the drying of calcium carbonate in a batch spouted bed dryer with
inert particles has been investigated experimentally. The effect of several operating
parameters including air temperature (90, 100, and 110 °C), air velocity (U, 1.2 U,
and 1.5 U,,), and dry solid mass (5, 10, 20 g) has been studied. The Taguchi method
has been applied to determine the optimal parameters and also to reduce the number of
required experimental runs. It has been found that the dryer performance was affected
by all parameters. It has also been found that drying with 5 g dry solid at a temperature
of 100 °C and a velocity of 1.2 U, leads to maximum drying efficiency. Additionally,
the effect of air inlet velocity and temperature on the drying kinetics of calcium
carbonate has been investigated. Several semi-theoretical models with temperature and
velocity dependent parameters have been selected to estimate the drying kinetics. The
performance of all fitted models was acceptable but the logarithmic model was the best
model in terms of the statistical analysis.
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1. Introduction

Calcium carbonate is applied in different industries
such as chemical [1], pharmaceutical [2,3], food [4],
plastics [5,6], paper [7], paints [8], ceramic materials
[9,10], etc. Hence, the demand for calcium carbonate
has been growing quickly in recent years.

Calcium carbonate is produced in powders, granules
and slurries form by two general methods: (1) ground
calcium carbonate, commonly referred to as GCC,
which is produced by intensive milling or grinding of
natural calcium carbonate and (2) precipitated calcium
carbonate (PCC) which is produced by the reaction of
aqueous calcium hydroxide suspension with carbon
dioxide. Generally, the product should be conventionally
dewatered and dried [11-13]. For instance, PCC has
four processing steps including (1) calcination, (2)
lime slaking, (3) carbonation, and (4) drying [14].
Accordingly, drying is required in order to prepare the
final calcium carbonate for market. Also, nanoparticles
of calcium carbonate are required in some of the above-
mentioned applications [6,15].

Different dryers, such as spray dryers, fluidized bed
dryers, and spouted bed dryers, have been proposed
for drying slurries and pastes. Spouted bed dryers with
inert particles are a relatively new technology with
a number of advantages such as high drying rates,
uniform temperature distribution, uniform size particle
production, and low drying cost for solution, slurries,
and pasty materials [16-20].

Gishler and Mathur applied a spouted bed dryer in
1954 for drying wheat in Canada [21]. The spouted
bed is a gas-solid contactor in which the fluid jet is
introduced through a nozzle located at the center of
the conical bottom of the bed. Intensive interaction
between the solid particles and gas occurs in this dryer.
Three regions are distinguished for gas-solids flow in a
spouted bed: (1) a spout zone located in the center of the
bed (2) an annulus zone located between the spout and
the column wall and (3) a fountain zone located above
the spout [22]. The particle flow with respect to the gas
flow is co-current and counter-current in the spout and
annulus zones, respectively.

Regardless of the hydrodynamic configuration of the
dryer, the principle behind this technology is based on
the drying of a thin layer of slurry that coats the surface
of the inert particles. Depending on the type of dryer,
these particles can be vibrated, fluidized, or spouted

either by a hot air or combination of hot air and a
mechanical device installed inside the dryer, such as an
agitator or a conveyor screw [23].

In the spouted bed dryer with inert particles, the slurry
is directly sprayed onto the bed and is deposited as a
thin-film layer on the surface of the inert particles. The
bed of particles is spouted with the hot gas causing the
film on the particles’ surface to dry and become fragile
due to the large surface area of inert particles and
intensive spouting. Then, particle-particle and particle-
wall collisions lead to the conversion of the dried film
to a dried powder. In the final step, the dried powders
are entrained by the exit stream and are recovered
using suitable solid separation equipment. It should be
noted that the required energy for water evaporation
is supplied via (1) a direct method through the hot air
and (2) an indirect method through the inert particles
heated by the hot spouting air [24]. The bed temperature
is approximately uniform due to rapid circulation. The
main operational parameters influencing the drying rate
are the inlet air flow rate and temperature which in turn
control the heat transfer and solids circulation rates [25].

Kudra and Mujumdar [26] have reviewed the
application of the inert particles in different dryers.
Schneider and Bridgwater [27] have investigated the
drying of inorganic suspensions in a spouted bed using
different inert particles. The effect of liquid injection on
the spouting velocity, stability of the spouting regime,
fountain height, and bed pressure drop was examined in
their studies. The drying of a micro-particle slurry and a
salt-water solution using a powder-particle spouted bed
have been investigated by Guo et al. [28]. According to
their results, the agglomeration of particles was observed
when the drying efficiency was above 60%. Passos et
al. [25] have investigated the drying performance for
pastes in a conical spouted bed. Their study was focused
on the investigation of the effect of column dimensions,
fluid flow characteristics, and paste properties on the
drying performance. Based on their study, a criterion is
provided for the design of conical spouted bed dryers
used for suspensions drying.

Nakazato et al. [29] have applied a powder-particle
spouted bed to the production of fine calcium carbonate
with a mean particle size around 1 pm. They have
investigated the effect of operating conditions, such
as superficial gas velocity and static bed height, on
the particle size of the product (i.e., CaCO, powder).
Benali and Amazouz [30] have proposed a jet spouted
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bed dryer to substantially reduce the stickiness of meat-
rendering slurry (MRS). They examined the effects of
calcium carbonate as drying-aid agents on the reduction
of slurry stickiness. Arsenijevic et al. [31,32] have
studied the drying of calcium carbonate and calcium
stearate in a draft tube spouted bed and investigated
the effects of the operating conditions on the dryer
they
proposed and verified a model for predicting the particle

throughput and product quality. Moreover,

circulation rate. Almeida et al. [33] have experimentally
analyzed the fluid dynamic, thermal and mass transfer
behavior of pasty materials, such as calcium carbonate,
sewage sludge, and skimmed milk, during transient
drying in spouted beds.

Calcium carbonate drying is influenced by parameters
such as hot inlet air velocity, inlet drying temperature,
dry solid mass, and so on. These parameters do not
have the same effect on the drying process and their
simultaneous impacts are very complex and debatable.
Therefore, the Taguchi method has been used to
determine the influence of each of these parameters
and quantifiy their influence on the drying efficiency
[34,35]. Taguchi techniques have been widely used
in engineering design for the optimization and
identification of critical parameters [36,37].

Inthe present research, the objectives are to investigate
the drying kinetics of calcium carbonate slurry in a
spouted bed dryer and to optimize the drying using the
Taguchi method. The spouted bed dryer was selected and
designed among different types of dryers. In this regard,
experimental runs were conducted in a laboratory-
scale spouted bed dryer with inert particles. Then, the
effects of drying conditions, such as air temperature,
hot air velocity, and dry solid mass, were discussed and
optimized using the Taguchi method. Afterwards, an
experimental run was carried out in optimal conditions.
Finally, several semi-theoretical models were applied to
model the drying kinetics.

2. Theory
2.1. Taguchi method

Taguchi has introduced a robust design method for
ordered categorical response data. This method uses
the cumulative frequencies of each category and each
parameter setting to analyze data, determine optimal
levels and apply the analysis of variance (ANOVA)

[38]. Taguchi methodology proposes a particular
method using an orthogonal array (OA) to reduce the
number of experimental trials [39].

In the Taguchi method, the signal-to-noise ratio (S/N)
is used to express the variability and it is calculated from
experimental data by a loss function [40]. In the Taguchi
method, the signal-to-noise (S/N) ratio is applied as an
objective function for the optimization [36,41]. There
are three categories of performance characteristics to
analyze the signal-to-noise ratio (SNR) which are given
by the following equations:

Larger is better:

SNR = —10 log, [%zyi] 1)
Nominal is the best:

SNR = —10 logy, [% ¥ L] )

sy2
Smaller is better:

SNR = —10 logy, [%Zyz] 3)

Where n, y, y, and s, are the number of observations,
the observed data, the average value of the observed
data, and the variance of observed data, respectively.

2.2. Mathematical modeling of the falling period of
drying rate

There are several models available in the literature
to estimate the drying kinetics. The developed models
of drying can be categorized into three categories:
empirical, semi-theoretical, and theoretical models
[42,43]. In the present study, the drying kinetics of
calcium carbonate in the spouted bed is evaluated
using some of the semi-theoretical correlations. These
methods are proposed based on Fick’s second law using
a number of additional exponent terms [44]. These
models are summarized in Table 1.

Table 1. Semi-theoretical models for drying kinetics.

No. Model Equation Ref.
1 Lewis MR= exp(-kt) (4) [45]
2 Page MR= exp(-kt") (5) [46]
3 Henderosn and Pabis MR= a.exp(-kt) (6) [47]
4  Logarithmic MR= a.exp(-kt)+b (7) [48]
5 Balbay and Sahin MR= (1-a).exp(-kt")+b (8) [49]
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MR, dimensionless solid moisture, is calculated as
follows:

X=Xy

v v 9
- ©

MR =

It should be noted that X;, X, X, are the initial moisture
content, the moisture content, and the equilibrium
moisture content on the dry basis, respectively. It should
be noted that X,, was assumed to be zero because the
values of equilibrium moisture content, X,,, are small in
comparison with X and X, [50,51].

The k constant in the above-mentioned correlations
can be assumed as a function of temperature, and inlet
air velocity [52]:

k = ko Umexp (=) (10)
where, U, m, E, k,, and R are the gas superficial velocity,
power constant, the activation energy of process, the
pre-exponential factor, and the universal gas constant,
respectively.

It should be noted that a derivative-free method, such
as the simplex search method of Lagarias et al., was
used to determine the model parameters [53].

2.3. Statistical analysis

The estimation capability of the fitted models was
evaluated in terms of some statistical criteria such
as root mean square error (Erus), the coefficient of
determination (R’), and Chi-square [54]:

_ Z?’:o(Mexp,i_Mpre,i)z

Eli\I:()(Mexp,i_Mexp,i)z

RE =1 (11)

1
/
Ermts = [ Z00(Mexpi = Mpre,) ] (12)

2
2 _ ZIi\LO(Mexp,i_Mpre,i)
X N-Z

(13)

It should be noted that M,,,;, M,.,, M.,, N and
Z are the experimental data, the estimated data, the
mean value of the experimental data, the number of
experimental data, and the number of constants in the
drying correlation. The best fitted correlation is the one
with the lowest values of Eyys and ¥* close to zero, and
the highest value of R’ close to 1.

Fig. 1. Experimental setup, (1) pre-filter, (2) side-channel blower,
(3) heater, (4) spouted bed dryer, (5) the feed port, (6) cyclone ,
and (7) HEPA filter; TT: temperature transmitter; HT: humidity
transmitter; PT: pressure transmitter.

3. Experimental
3.1. Experimental Setup

A schematic view of the experimental setup is shown
in Figure 1. The main drying equipment was made of
an upright cylindrical column (inside diameter: 9 cm,
outside diameter: 10 cm) and a base conical section
(cone angle of 45°). A 1.5 cm nozzle was also located at
the center of the lower end of the conical section. The
height of the cylindrical and the conical sections were
40 cm and 9.5 cm, respectively. Glass beads (diameter:
1 mm, density: 1602 kg/m?) were used as inert particles.
The air inlet port was equipped with a stainless steel
screen in order to avoid the glass particles discharging
into the air duct.

The spouting air was supplied through a side channel
blower (2RB 420-7HH46, GREEN-CO). The maximum
air flow rate was 140 m*h at a pressure of 50 mbar.
Some auxiliary accessories including an inlet vacuum
filter, relief valve, and silencer were also applied along
with the side channel blower. A 3 kW electrical heater
was used for heating the air before it was introduced
into the drying chamber. A cyclone and HEPA filter
(Camfil Ireland Co.) were used to separate the dried
powder from the outlet air stream.

The rotating speed of the blower was changed to
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adjust the inlet air flow rate. A digital thermo-
anemometer mounted at the entry point of the blower
was used to measure the air inlet velocity. Three
K-type thermocouples (accuracy of +£0.1°C) were used
to measure the air temperature at the inlet, middle,
and the outlet of the drying chamber. In addition, two
temperature-moisture transmitters (HTemp-wire, HW
groups s.r.o) and two pressure transmitters (KM11-
ASHCROFT, Japan) were also installed after the blower
and before the cyclone to detect the inlet and outlet air
moisture and pressure with an accuracy of 1% R.H.
and 1 mbar, respectively. A human-machine interface
(HMI: the model of MT-6070IE, Weintek) was applied
to collect and monitor the measured data.

3.2. Experimental design

The main function in this study is to improve the
drying of calcium carbonate in a spouted bed dryer and
the side effect is the variation in the effective efficiency.
The considered factors affecting the drying process
are inlet air temperature, inlet air velocity, and dry
solid mass. It should be noted that the initial moisture
content, ambient temperature, and operator skill have
been considered as noise factors in this study.

The quality characteristic (response) in this study is
the effective efficiency because energy consumption
is generally considered the most important parameter
in all industrial processes. The effective efficiency is
defined as the ratio of the power consumption to the
total input power.

The whole input power during the process includes
the blower and the heater powers:

pgQAP

Pin,tot = me (Tout - Tin) + (14)

The first term on the right side is the heater power
which is consumed to increase the air temperature from
the ambient temperature to the dryer inlet temperature,
and the second term is the blower power. m, C,, p, Q,
AP, and 1 are the mass flow rate of air (kg/s), specific
heat capacity of air (kJ/kg.K), air density (kg/m?),
volumetric flow rate (m?/s), dryer pressure drop (pa),
and blower efficiency, respectively.

It should be noted that the specific heat capacity and
density of the air are considered as dry air because of
the low inlet humidity of the air (lower than 5%) and the
use of the same inlet air in all experiments.

The amount of energy consumed to evaporate the
moisture contained in the wet feed, considering a
negligible final moisture content of the solid product,
can be calculated as follows:
E,=m,X,\ (15)
where m,, X, and A are the mass of dry solid (g), initial
moisture content on the dry basis (i.e., g water/g dry
solid), and latent heat of vaporization of water at the
dryer inlet temperature, respectively.

The amount of power consumed to evaporate moisture
is obtained by dividing the evaporation energy to the
drying time. Consequently, the effective efficiency can
be expressed as follows:

mSXO)\/t

Nerr = =
efr meyp (Tout_Tin)"'ngAP/n

(16)

Considering this definition for the effective efficiency,
the quality characteristic is established as the maximum
as the best. Therefore, the objective function is
calculated by Eq. (1).

In order to determine levels, three or more levels
should be selected if a factor has a nonlinear or dynamic
relationship to the response variable [55]. The examined
factors in the drying experiments were the inlet air
temperature, inlet air velocity, and dry solid mass
mentioned earlier. Before designing the experiments,
three levels for each factor, low, medium, and high, are
determined for conducting the experiments. The factors
and their levels are summarized in Table 2.

Table 2. Factors and their levels for the drying experiments.

Factors Levels

1 2 3
Inlet air temperature (°C) 90 100 110
Inlet air velocity (m/s) 1 U, 1.2 U, 1.5 U,
Dry solid mass (gr) 5 10 20

It should be mentioned that U, is the minimum
spouting velocity which is determined by the Mathur
and Epstein method (1974) [21] and its value is 6.06
m/s.

In the Taguchi method, the combination of factors is
selected from the orthogonal array (OA). In this study, a
L, (3°) orthogonal array is selected which has nine rows



94 S. Beigi et al. / Journal of Particle Science and Technology 3 (2017) 89-99

and three “3 level” columns. Table 3 shows the required
9 experimental runs.

Table 3. Design of experiments using L, array.

Exp. No. Parameters

Inlet air temperature Inlet air velocity Dry solid mass

C) (m/s) (8
1 90 6.06 5
2 90 7.20 10
3 90 9.00 20
4 100 6.06 10
5 100 7.20 20
6 100 9.00 5
7 110 6.06 20
8 110 7.20 5
9 110 9.00 10

3.2.1. Implementation of the experiments and data
collection

Calcium carbonate particles were provided by the
Local Corporation (Zagros Powder Co., Iran). Nine
drying experimental runs were designed and carried out
in a conventional spouted bed (Figure 1) at the selected
factor levels according to the Lo orthogonal array (as
seen in Table 3).

In each experimental run, first the conical base of the
spouted bed was filled with the glass beads to an initial
static bed height of 115 mm. Afterward, the bed was
preheated by the hot air at the specified temperature and
flow rate for about 30 min. The inlet air temperature
was maintained constant with an accuracy of +1°C.
After achievement of steady state conditions, the feed
slurry (i.e., 30% w/w calcium carbonate solution) was
fed at the top of the bed. During the drying experiments,
the temperature and relative humidity of inlet and outlet
air were measured and monitored every 0.5 s. The
experimental run was terminated when the relative
humidity of the outlet air becomes almost the same as
the inlet air.

At the end of each experimental run, the glass bead
particles were discharged from the bed in order to be
washed with water and dried for the next run.

4. Results and discussion

In order to obtain the solid moisture content, the overall

mass balance in the bed is used as follows:

dXx
My T = Gip (Yout - Ym)

(17)
where X, G,,, Y,.., and Y, are the solid moisture content,
mass flow rate of air, outlet and inlet air humidity,
respectively.

So the moisture content at different times is calculated
after integration of Eq. (17) as follows:
X = Xo+ fot% (Your — Yin) dt (18)
Relevant data such as the moisture content of air (Y)

[56] and saturation vapor pressure of the air (P*) [57]
were described using Egs. (19) and (20), respectively.

_ PECo R
Y=062198 5o e (19)
In (I;j“t) _ % (C9 + C 9%+ C (20)
+C 9%+ C 9+ C 97°)
_ T
9=1 T (21)

where RH, P,, P,, T,, and C; are the relative humidity
of air, ambient pressure (mbar), critical pressure
(220640 mbar), critical temperature (647.096 K), and
coefficients, respectively.

The variation of the moisture content of calcium
carbonate versus time in the spouted bed dryer during
the 9 different drying experimental runs is shown in
Figure 2.

X (g H,0/g dry solid)

-

—_——

600 800 1000
Time (s)

Fig. 2. Variation of moisture content versus drying time using
Taguchi experiments
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The observed values for drying time, the pressure drop
of the dryer, the outlet temperature, and the measured
value of effective efficiency are summarized in Table 4.

Table 4. Experimental results for Ly orthogonal array.

Run Drying Pressure Outlet Effective
time (s) drop (mbar) temperature (°C) efficiency (%)

1 230 0.073 41.1 8.670
2 380 0.101 43.1 7.778
3 667 0.148 44.8 5.818
4 518 0.072 45.6 6.979
5 511 0.099 45.7 10.630
6 40 0.151 54.5 22.504
7 896 0.074 46.6 7.269
8 53 0.106 53.2 22.874
9 186 0.152 57.6 8.946

The results of the analysis of variance (ANOVA) are
summarized in Table 5.

Table 5. The ANOVA results.

Factor DF AdjSS AdjMS F-value
Inlet air temperature 2 66.95 33.475 4.15
Inlet air velocity 2 62.15 31.075 3.85
Dry solid mass 2 204.55 102.273  12.67
Error 2 16.14 8.071

Total 8 349.79

As can be observed, the dry solid mass is the main
parameter affecting the effective efficiency in the dryer.

4.1. Data analysis and the optimal point determination

The target of the experimental design is to get the
optimum parameters of drying by maximizing the
effective efficiency using the Taguchi method; therefore,
the larger effective efficiency the better type analysis
was used in calculation of the S/N ratio. The average
S/N ratios for the effective efficiency is shown in Figure
3. According to Figure 3, the highest S/N ratio values
were computed when the drying conditions were at the
inlet air temperature of 110 °C, inlet air velocity of 1.2
U, and dry solid mass of 5 g. When the S/N ratio has
the highest value, the corresponding factor level is close
to the optimum. The optimum value for each factor was
clearly detected from the linear plot. These optimum

values for the calcium carbonate drying process are as
follows: 100 °C for the inlet air temperature (level 2),
1.2 U,, for the inlet air velocity (level 2) and 5 g for the
dry solid mass (level 1).

25 1
23 A

21 A

Average S/N ratio

19 4

17

90 °C 100 °C 110°C  6.06m/s 7.2m/s 9Im/s Sgr 10gr 20gr

Levels of factors

Fig. 3. Plots of factor effects.
4.2. Validation of the experiments

An experiment was carried out at the optimum values
of the factors. The results of this experiment is shown
in Table 6. As can be observed, the effective efficiency
at the optimal point suggested by the Taguchi method
is larger in comparison with other experimental runs
(Table 4).

Table 6. Experimental results for the optimal point.

Drying time Pressure drop Outlet Effective
(s) (mbar) temperature (°C) efficiency (%)
54 0.101 48.4 24.949

The estimation of the response at the optimum
condition based on the Taguchi method was 22.599 %.
It should be noted that the prediction error is equal to
9.42 %.

4.3. Drying kinetics of calcium carbonate in the spouted
bed dryer

The effect of air inlet velocity and temperature on
the drying kinetics of calcium carbonate has been
investigated. Drying experiments have been conducted
at three different temperatures (90, 100 and 110 °C), and
three different air inlet velocities (1, 1.2 and 1.5 times
the minimum spouting velocity).

The trends of moisture content of calcium carbonate
versus drying time at the different temperatures and
different inlet air velocities are shown in Figures 4 and
5, respectively. As can be observed, an increase in the
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Fig. 4. Variation of moisture content versus drying time at different
temperatures (gas velocity = 1.2 U,,).
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Fig. 5. Variation of moisture content versus drying time at different
gas velocities (gas temperature = 100 °C).

inlet air velocity and temperature results in a decrease
in the drying time.

4.4. Performance of the fitted models

An attempt was made to fit the drying correlations
introduced in Table 1 to the experimental data.
Regression analysis was carried out to determine the
values of the correlation parameters. Table 7 shows
the values of the fitted parameters and the results of
the statistical analysis. It should be mentioned that the
experimental data was normalized and applied for the
modeling.

As can be observed in Table 7, the logarithmic model
with the lowest values of Eg,s and Chi-square (¥?), and
the highest value of determination of coefficient (R?),

S. Beigi et al. / Journal of Particle Science and Technology 3 (2017) 89-99

shows the best fitting capability. Therefore, this model
is selected as the best model of the drying kinetics of
calcium carbonate in the spouted bed dryer.

The trends of estimated moisture ratio using the
Logarithmic model versus drying time are shown in
Figures 6 and 7.

18
O 90 °C
- \ 0
0.8 \ O 100°C
A 110°C
0.6 1 ——Modeling

MR

0.4 A

0.2 1

0 50 350
Time (s)
Fig. 6. Estimated moisture ratio by Logarithmic model versus drying

time at different temperatures (gas velocity =1.2 U,).

1 &
O 1 Ups
0.8 - 0O 1.2 Ups
A 1.5 Ups
0.6 - ——Modeling
<
=
0.4 A
O
0.2 O
@)
0 Qo [ONoNeNaWay
T T T (== mu) T T S o
0 50 100 150 200 250 300 350

Time (s)

Fig. 7. Estimated moisture ratio by Logarithmic model versus drying
time at different gas velocities (gas temperature =100 °C).

5. Conclusion

In the present work, the optimization of calcium
carbonate drying in a conventional spouted bed with
inert particles was implemented using experiments
designed based on the Taguchi method. Inlet air

Table 7. Statistical results and parameters of the examined drying models for calcium carbonate drying in the spouted bed dryer.

Model ko (s1) m E(Jmole") n a b R’ Erys Y

Lewis 9367.1 1.6278 50854.2 — — — 0.9839 0.0795 0.0014
Page 80997.0 2.0231 64990.2 1.2126 — — 0.9943 0.0483 0.0005
Henderson and Pabis  10041.0  1.6378 50994.7 — 1.0459 — 0.9865 0.0727 0.0012
Logarithmic 12958.0 1.7454 52954.4 — 1.0917 -0.0669  0.9966 0.0114 0.0002
Bablay and Sahin 99196.0 2.0686 63996.2 1.2286 0.0098 -0.0103  0.9948 0.0460 0.0005
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temperature, inlet air velocity, and dry solid mass were
selected as the control factors. Effective efficiency
was considered as the criterion to optimize the drying
process. Effective efficiency was defined as the ratio of
the total energy consumption for water evaporation to
the total input energy.

According to the orthogonal array, 9 experiments
were carried out. Signal to noise ratio analysis was
used to find the influence of the control factors on the
drying effective efficiency. Optimization of drying was
performed using the “larger is the better” criterion.
It was found that when the S/N ratio has the highest
value the corresponding factor level is optimum. These
optimum values for the calcium carbonate drying
process were as follows: 100 °C for inlet air temperature,
1.2 U, for inlet air velocity, and 5 g of dry solid mass.
An experiment was performed under the optimal
conditions and the effective efficiency value was found
to be 24.95%. It should be noted that this value was
larger in comparison with the calculated efficiency of
all previous experiments.

The effect of air temperature in the range of 90-
110 °C and air velocity in the range of 1-1.5 times of
the minimum spouting velocity (i.e., 6.06 m/s) were
determined. According to the results, the moisture ratio
of the calcium carbonate decreases exponentially with
time. Moreover, a shorter drying time was obtained
using a drying air temperature of 110 °C and an air
velocity of 1.2 U,,,.

Several available drying models with temperature and
velocity dependent constant were examined to estimate
the drying kinetics of calcium carbonate in the falling
rate period. The fitted models were compared on the
basis of the coefficient of determination (R?), root mean
square error (Ezys), and Chi-square. The coefficients of
the models for each experimental run were calculated.
Among the proposed models, the Logarithmic model
was found to be the best one to describe the drying
behavior of calcium carbonate.
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