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Abstract :Effects of various process parameters such as
amount of liquid binder, temperature, gas flow rate and
weight of bed materials on the growth of particles in a
Fluidized Bed Granulator are analysed. A comparative study
is carried out for two bed materials (i.e. TiO2 and CaCO3)
through experimentations. The result i.e. particle size of
fluidized bed materials is correlated with the various process
parameters. These correlations are observed to be
satisfactory with both exponential and power trends but
higher R2 value is observed with the exponential trend. The
calculated values of the percentage of particle growth thus
obtained through these developed correlations are compared
with the experimental values for both the bed materials
which show good agreements with each other. The process
parameters are also optimised using Interval Halving
method which indicates improvement in the performance of
the fluidized bed granulator. MATLAB coding is also
developed for the optimization of these correlations. Neither
any local maximum nor any local minimum is observed with
any of the system parameters thereby implying further the
better applicability of these developed correlations over a
wide range of parameters.

1.

Introduction

Granulation is a size enlargement process by which fine
powders are agglomerated into large agglomerates.
Granulation improves flowability and appearance which finds
great application in pharmaceutical industries. It improves
handling of powder which is difficult to handle because of
their cohesiveness and low flowability[1]. The control of
fluidized bed granulation process is very much difficult as it
involves wetting, drying and mixing of particles
simultaneously. Therefore it is necessary to understand the
mechanism of particle growth and to study the effect of
various parameters on the growth rate of particles in a
fluidized bed. Also optimisation of the parameters plays an
important role in order to make the system an economical and
efficient one. Among the various granulation techniques,
fluidized bed granulation (FBG) is considered to be one of the
most widely used methods. Fluidized bed granulation (FBG)
has many advantages over conventional methods. The
conventional granulation methods require separate equipment.
But FBG is performed in one unit which saves energy
cost,labour cost, transfer losses and time. Another advantage is
that once the conditions affecting the granulation have been
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optimized the process can be automated.Granulation
technology has a wide spectrum of applications ranging from
pharmaceutical to food, fertilizer, and detergent to mineral,
ceramic, waste processing and advanced materials. In the
present study Interval Halving method has been used forthe
optimisation of parameters in FBG process because of its
several advantages over other methods.Many studies have
been carried out for better understanding of thesystem
parameters and their effects on the process. The bed moisture
content and the droplet size are two important elements in
FBG.
1.1 Optimisation
Various classical optimization techniques are there based on
what is to be optimised. On the basis of process parameters,
optimization method is classified into two principal categories
such as (a) Single-Variable Optimization and (b) MultiVariable Optimization. Single Variable optimisation can be
carried out by any of three methods namely, Bracketing
methods, Region-Elimination methods and Gradient-based
methods. Interval halving method is one of three sub
categories of Region-Elimination methods.Because of
complex nature of fluidized bed granulation and complexity of
multivariable effects, single variable optimisation technique
has been used in the present work for parameter optimization.
In this work Interval Halving method has been adopted for
optimisation of process parameters. The minimum of a
function is found in two phases. First, a crude technique is
used to find a lower and an upper bound of the minimum.
Thereafter, a more sophisticated method is used to search
within these limits and find the optimal solution with the
desired accuracy. Before optimization of process parameters it
is essential to express the output as a function of input
parameters. Therefore attempt has been made to correlate the
output of granulation process to all the system parameters in
the present work by regression analysis.
1.2 Optimisation technique:
Exponential regression uses Excel's tool for regression
analysis which determines the slope and intercept of straight
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line data. An exponential equation has the general form of

y  Ae

BX

where, A, B are overall coefficient and exponent

coefficient. X is the independent variable.In the present work
the fraction of particle growth (dependent variable) has been
correlated against the product of number of independent
parameters by exponential regression analysis as mentioned
below.
For exponential regression:
(1)

Where, m1, m2, m3, m4 are individual parameter
coefficients.The overall independent variable for the
granulation process is defined as follows.
Taking logarithm on both sides, Eq.-(1) can be written as

ln y  ln A  BX (2)
For Dimensional Analysis (power form of regression)
(3)
Where, a1, a2, a3, a4 are individual parameter exponents. K and n are

overall coefficient and exponent of the correlation.
Once the minimum point is bracketed, a more sophisticated
algorithm needs to be used to improve the accuracy of the
solution. In this section, three algorithms that primarily work
with the principle of region elimination are described.
Depending on the function values evaluated at two points and
assuming that the function is unimodal in the chosen search
space, it can be concluded that the desired minimum cannot lie
in some portion of the search space. Internal Halving is a sub
type of this method.
1.3Interval halving method
In this method, function values at three different points are
considered. Three points divide the search space into four
regions. Fundamental region elimination rule is used to
eliminate a portion of the search space based on function
values at the three chosen points. Three points (x1, x2 and xm)
chosen in the interval (a, b) are all equidistant from each other
and equidistant from the boundaries by the same amount as
shown below.Two of the function values are compared at a
time and some region is eliminated.
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are connected to the fluidizer. A compressor and a hot air
generator are also there to supply hot air at the set
temperature. Titanium dioxide powder (average size 25µm
and density 0.77gm/cc) and Calcium carbonate powder
(average size 15µm and density 0.7gm/cc) are taken separately
as bed materials for the experimentations. Sucrose solution is
taken as the binder for both the bed materials. A known
weight of sample was taken in the fluidizing column.
Temperature of the hot air generator was set at a particular
value. Compressed air was allowed to pass through the hot air
generator to the fluidizer till steady fluidization of bed
materials is achieved. Flow rate is then measured from the
rotameter. Binder solution prepared at a known concentration
is added for granulation of the bed materials. The same
procedure was repeated several times by varying each of the
parameters (viz. the volume of binder, the amount of the bed
materials, temperature of inlet air and flow rate of the
fluidizing air) under investigation as mentioned in Table-1.
Again the whole procedure was repeated for the second
sample.

1.Compressor, 2. Receiver, 3.Constant pressure tank, 4.Silica gel tower,
5(a).By-pass valve, 5(b).Line valve, 6.Hot air generator, 7. Rotameter,
8.Fluidizer, 9.Calming section, 10.Pressure tappings. 11. Distributor,
12. Manometer, 13. Pressure gage

Figure-1: Schematic diagram of the experimental set up.
Table -1: Scope of Experiment

3. Results and discussion
2. Experimental
The schematic diagram of the experimental set-up is shown in
Fig.-1.The experimental set up consists of a fluidizer of 10cm
diameter and 100cm height. Fluidizer is made up of
transparent perspex material. A rotameter and a manometer
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Fractional growth is measured by taking the ratio of final to
initial size of each granule.The particle growth has been
correlated against different system parameters. The variations
of particle growth against all the parameters are found to fit
both exponential and power trends for both the samples. It is

Page 183

International Journal of Engineering Research
Volume No.3, Issue No.3, pp : 182-185
observed that R2- values for both the samples i.e. TiO2 and
CaCo3 are higher for exponential trend in comparison with the
power trend. Therefore the correlation plots for these samples
in exponential trends have been shown in Fig.-2 and Fig.-3
respectively.The effects of different parameters namely weight
of the sample, flow rate of air, temperature and volume of
binder on particle growth were studied. It is observed that
particle growth decreases as weight of bed materials increases.
The reason may be due to the presence of more materials with
the same amount of binder. In other words the binder amount
might not be sufficient to bind more particles. The ratio
between the binder volume and the number of particles
decreases leading to a lower growth rate and smaller
agglomerates.Itis alsofound that smaller size granules are
formed on increasing the air flow rate. This may be due to the
fact that higher fluid velocity results in collisions among the
particles and thus the large agglomerates are reduced to small
size granules.Increase in inlet air temperature seems to
decrease the granule size. The reason may be attributed to the
evaporation of the sprayed liquid(binder) at higher
temperature. As a result less binder is mixed with the bed
materials leading to small sized granules.The effect of the
amount of the binder on the growth of the particles is also
studied. It is observed that more the amount of binder more is
the particle growthresulting in higher granule size. On adding
more binder, more materials agglomerate and thus the granule
size is increased.The calculated values of particle growth
obtained through these developed correlations have also been
compared with the experimental values which show a good
agreement in most of the cases. The comparison plots are
shown in Fig.-4.The standard deviation and mean deviation
for both the samples with both exponential curves and power
curves are calculated and listed in Table-2.
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Figure-4 : Comparison plot for calculated values of particle
growth with the experimentally observed values
The particle growths for the two samples are compared with
each other which shows that the effects are higher in
magnitude for CaCO3 implying the better particle growthwith
CaCO3. The developed correlations in exponential and power
forms for both the samples are as follows.
3.1 Correlations in Exponential Forms
For TiO2
(4-a)
For CaCO3
(4-b)
3.2 Dimensional Analysis (Correlations in Power forms)
For TiO2 :
(4-c)
For CaCO3:
(4-d)
3.3 Parameter Optimisation (Internal Halving method):
Considering equation-(4-a) for sample analysis, the parameters
of thecorrelation have been tried to be optimized using single
variable method to get maximum particle growth. In this
method one variable is varied at a time and keeping other
variables constant. Therefore theoptimisation of process
variables has been carried out one by one.
Volume of the binder
With the volume of the binder parameter selected for
optimization, the values of other variables, such as weight of
bed materials, air flow rate and inlet air temperature are
substituted inEquation-(4-a). The resulting expression can be
written as follows.

Table-2:Comparison of calculated values of particle growth against
the experimentally observed values

(5)
Similarly different expressions are obtained with different
parameters.
Inlet air temperature (T) :
With this parameter, the values of binder volume,fluidizing
air flow rate (F) and amount of bed material (W) are

IJER@2014

Page 184

International Journal of Engineering Research
Volume No.3, Issue No.3, pp : 182-185
substituted in Equation-(4-a). The resulting expression is
written as
Y  284.3  e 0.23  0.012 T (6)
Air Flow rate (F):
With this parameter, the values of binder volume, fluidizing
air temperature (T) and amount of bed material (W) are
substituted in Equation-(4-a). The resulting expression is
written as
F
0.82  1.83410
Y  284.3  e
(7)
Weight of bed material (W) :
With this parameter, the values of binder volume (V),
fluidizing air temperature (T) and air flow rate (F) are
substituted in Equation-(4-a). The resulting expression is
written as
0.75  7.3410 3 W
(8)
Y  284.3  e
Thus the multivariable equation, Eq.-(4-a) is converted into a
number of single variable equations so that the single variable
optimization technique can be followed. The defining or
objective function only changes with different single variable
equations such as, equation (6), (7) and (8).With the help of
MATLAB coding the process parameters were subjected to
optimisation using Interval Halving method. It is observed that
there is neither a local maximum nor a local minimum with
any of the above mentioned process variables.
3

4. Conclusion
Granulation in fluidized bed is a complex process since a
number of variables affect the process thereby affecting the
particle growth. Thus selection of process parameters plays
vital role in the process of granule formation. As it is observed
that there is neither any local maximum nor any local
minimum the developed correlations in any form (either
exponential or power form) can be used successfully in
industries over a wide range of parameters. Otherwise these
correlations can be modified suitably for pilot plant scaled
operations.

Nomenclature
W
F
T
V
Y-exp
Y-cal
Y

:
:
:
:
:
:
:
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Weight of particle in the bed (g)
Fluidizing air flow rate (Nm3/h)
Temperature of fluidizing air (o C)
Volume of binder used (ml)
Experimental Fractional growth
Calculated Fractional growth
Fractional growth
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Figure Caption :
Fig.-1:Schematic diagram of the experimental set-up
Fig.-2:Plot of particle growth rate against the system
parameters for TiO2
Fig.-3 :Plot of particle growth rate against the system
parameters for CaCO3
Fig.-4 : Comparison plot for calculated values of particle
growth with the experimentally observed values.
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