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•	Lactose granulation was stud-
ied in a fluidized bed wet gran-
ulator. 

•	The effect of different parame-
ters has been investigated using 
experimental design.

•	A predictive model for each 
granule property has been pro-
posed.
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Understanding the relationship between processing parameters of fluidized bed wet 
granulation and the characteristics of intermediate and final products is crucial in the 
pharmaceutical processes. This research examined a fluidized bed wet granulation 
process containing a cornstarch solution as binder and lactose particles as powder. 
The design of experiment (DoE) was performed according to an L9 Taguchi method 
with three replications. The variables considered in the experimental design were 
binder flow rate, drying air temperature, spraying pressure, and initial mass of parti-
cle. The physical properties of the granules were evaluated in terms of granule mean 
size and granule size uniformity. A predictive model for each individual response 
was proposed. In addition, optimum conditions for each response were also obtained. 
Finally, the effect of the granule mean size on the flowability of granules was also 
investigated.
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1. Introduction

Granulation is defined as a size enlargement process 
which is applied in the pharmaceutical industry, min-
eral processing, the manufacture of agricultural chem-
icals, food, and etc. [1]. 

There are two major granulation methods i.e., wet 
and dry granulation processes [2]. Wet granulation in-
cludes the application of a binder liquid, which is intro-
duced onto agitated powder particles in order to bind 
the particles together through a combination of capil-
lary and viscous forces [1]. During subsequent drying, 
the solvent is removed by evaporation, and more stable 
bonds are formed. Dry granulation methods are based 
on the compaction of the powder mass, before it is bro-
ken and fractionated. Hence, this process particular-
ly suitable for – heat-or moisture-sensitive materials. 
Comparing the dry and wet granulation processes, wet 
granulation offers a better control of drug content uni-
formity, product bulk density, and compatibility [3]. 
However, the process is more complicated to operate 
and control due to the additional preparation of binder 
liquid and supplementary drying step. It is also more 
costly regarding the required labor, equipment, energy, 
and space [4].

The size range for pharmaceutical granules such as 
Lactose is usually from 100 μm to 2 mm [5]. Gran-
ules are common intermediates in tablet processing. 
Powders are granulated before tableting to modify 
the properties such as flowability and compression 
characteristics. Many pharmaceutical primary pow-
ders have small size, irregular shape, and unoptimal 
surface characteristics, thus flow poorly. On the other 
hand, the segregation of different components may oc-
cur due to their differences in particle size or density 
in the pharmaceutical powders. All components are 
mixed in appropriate proportions in an ideal granule, 
while segregation in the granular level may affect the 
content uniformity of the final tablet. Granulation may 
has several  advantages such as prevention of the hy-
groscopic materials caking during storage, low risk of 
contamination, and dust formation in production [6]. 
Maybe, the main motivations of research for granula-
tion process are: improvement in production to ensure 
the high quality of granules, requirement  for produc-
ing low-dose tablets (drug concentration may be as 
low as 0.001% w/w), and the content uniformity [7]. 
Fluidized bed granulation (FBG) is a widely applied 
wet granulation process in the pharmaceutical indus-
try, which has several advantages in comparison with 
the multistage wet granulation methods (i.e.,high shear 
granulation, low shear granulation, and etc.). Wetting,

drying, particle enlarging, homogenization and sepa-
ration processes are coupled in a single unit operation 
in fluidized bed granulation, and consequently there is 
more saving in time and labor costs and also transfer 
losses can be reduced using this process intensification 
[8]. Uniform temperature distribution due to continu-
ous heat and mass transfer between the fluidizing air 
and particles, relatively short processing times, and 
producing high density granules are the other advan-
tages of FBG against high/low shear granulation [9].

In spite of its widespread research, economic im-
portance and functionality, granulation has remained 
more of an art than a science in practice [1]. During 
wet granulation process, a number of various mech-
anisms occur. According to the classification present-
ed by Iveson et al. [1], the wet granulation process is 
considered as a combination of three different mecha-
nisms include the following (Fig.1, [10]):

o	 wetting and nucleation of particles
o	 consolidation and growth 
o	 attrition and breakage 

It is essential to study the simultaneous effects of 
different parameters (i.e., drying air temperature (T), 
spraying air pressure (P), binder flowrate (F), and ini-
tial mass of particle (m)). These parameters need to be 
optimized to achieve the appropriate mean size, size 
distribution, and flowability of the product. Taguchi 
method is an effective statistical technique, which or-
ganizes systematic experiments to determine the opti-
mum settings of design parameters for performance, 
quality, and cost. In this method, a large number of 
variables can be studied with a small number of ex-
periments by the aid of orthogonal arrays [11-14]. 

 

Fig. 1. Key mechanisms of granulation [10].
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In the present work, L9 Taguchi approach has been 
applied to understand the relationship between pro-
cessing parameters of a fluidized bed top-spray gran-
ulator and the characteristics of intermediate and final 
products and also to find the optimimum effective 
parameters. In this regard, the experiments were car-
ried out in a small scale batch fluidized bed granulator 
(Glatt Co., Model: Uniglatt) with cornstarch solution 
as binder and lactose particles as powder. 

2. Experimental 

2.1 Materials 

The α-lactose anhydrate granules supplied by Lac-
tochem Co., (The Netherlands) as initial particles and 
solution of cornstarch powder (supplied by Ebne-
masooye Co., (Saveh, Iran)) in distilled water as bind-
er were used. The packed density of primary lactose 
was 897.2 kg/m3 and its size was less than 0.2 mm in 
higher than 95 % (w/w) while average mass percent 
size of primary particles were 0.136 mm. In all of the 
experimental tests, the concentration of aqueous corn-
starch solution was fixed at 3 wt.%  Physical proper-
ties of the binder solution at different temperatures are 
shown in Table 1.

2.2 Particle size analysis

The granules size distribution was measured using a 
series of standard sieves provided by Damavand Co., 
(Iran) according to the American standards. The size 
range of sieve mesh is 0.053 to 0.841mm. 

2.3 Flowability test

Powder flowability is the capability of a powder to 
flow. In this work, the test of funnel discharge time 
is used for measurement of granules flowability. Dis-
charge time of a determined mass of granules vertical-
ly out of a funnel was measured and reported in unit of 
time per mass.The funnel as described in the European 
Pharmacopoeia’s flowability test [15, 16] was constant 
in vertical position. The bottom opening was blocked

impermeably. 100 g of samples were weighed and in-
troduced carefully into the dry funnel. The funnel was 
unblocked and the time required for the entire powder 
to flow out of the funnel was measured. The values 
obtained in this work indicate the flowability measure-
ments reproducibility.  

2.4 Experimental setup

In the present work, a top spray fluidized bed granu-
lator was used (supplied by Glatt Co., model: Uniglatt, 
Switzerland) with about 1 kg powder capacity. The 
schematic of the experimental setup is shown in Fig. 
2. In each experiment, the temperature of fluidizing 
air from blower (1) was regulated using an electrical 
heater (2) before entering the granulator through a 
distribution plate. The binder solution was pumped to 
the spray nozzle which was placed 25.5 cm above the 
distribution plate by a peristaltic pump with variable 
rate. The temperature of binder solution was set equal 
to the air temperature in each experiment. The bag fil-
ters mounted on the air outlet stream were shaken in 
a predetermined time interval, automatically. Shaking 
and rest time intervals were variable in different exper-
iments depending on the binder spraying rate. 

2.5 Experimental design

   In tableting, thoughtful experimental plan is need-
ed in the early development phase due to the complex 
interaction between materials and processes [17]. The 
main purpose of an experimental design is to plan the 
required experiments in such a way to obtain the op-
timum with the small number of runs. Design of Ex-
periments (DoE) begins with the selection of factors, 
i.e. parameters that can be applied to affect responses. 
Then, the target is to detect the combination of factors 
that generate the most optimal set of responses. The 
results are usually presented as mathematical models 
[18]. In the present work, Taguchi method, one of the 
most relevant methods of DoE, has been applied for 
the evaluation of the granule and tablet production. 
The Taguchi method is applied through the following 
steps:

 

 

 

Temperature (C) 40.0 55.0 70.0 

Interfacial tension  (mN/m) 47.0 42.5 42.0 

Viscosity (mPa.S) 4.3 4.2 4.1 

Table 1.
 Physicochemical properties of binder solution at different temperature and mass percent of cornstarch.
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Fig. 2. Experimental setup of fluidized bed granulator: (1) air blower; (2) air heater; (3) binder vessel; (4) binder pump; (5) bind-
er nozzle; (6) air outlet connection; (7) air filters [8].
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1. Identification of the independent variables with 
the greatest effect on the response.

2. Determination of the level of differences for each 
independent variable

3. The choice of the appropriate orthogonal array,

4. Assignment of design parameters to the orthogo-
nal array

5. Carrying out the experiments according to the ar-
rangement of orthogonal array, and finding the responses. 

6. Analysis of the experimental results using the 
S/N ratio for determination of the optimal design 
parameters and ranking of parameters. S/N ratio 
used to identify control factors (i.e., design and pro-
cess parameters) that reduce variability in a process 
by minimizing the effects of uncontrollable factors 
(noise factors). Higher values of the signal-to-noise 
ratio (S/N) identify control factor settings that mini-
mize the consequences of the noise factors. The S/N 
ratios are different according to the type of desirabil-
ity. For mean size of granule the ‘‘larger the better’’ 
S/N (i.e., maximum of the response) is considered 
which can be calculated by the following formula [19]:

)1(

But, for particle uniformity index (D80-D20) the 
‘‘smaller the better’’ S/N (i.e., minimum of the re-
sponse) is considered according to following formula 
[19] 

Whereو Yi is the characteristic property and n is the 
replication number of the experiment. Ranking is 
based on the difference between the maximum and 
minimum mean response across levels of a factor (del-
ta). The optimal level of parameters is the level with 
the greatest or smallest S/N values according to the 
type of desirability. 

7. Analysis of Variance (ANOVA) in order to de-
termine the contribution of each parameter in the re-
sponse. The percentage contribution (P.C.) is defined 
as the significance rate of the process parameters on 
each response prior pooling process and can be calcu-
lated as:

2
1

/ 10log iY
S N

n
 


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sum of the squared deviations. . 100
 total sum of squared deviations
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ANOVA is a decision making tool to detect any dif-
ferences in the mean performance of groups of test-
ed parameters. ANOVA helps in formally testing the 
significance of all main factors and their interactions 
by comparing the mean square versus an approxi-
mate of the experimental errors at specific confidence 
levels [20]. When the degree of freedom for the er-
ror term achieves zero (calculated as the difference 
among the total degree of freedom and the accumu-
lative degree of freedom (DoE) of all parameters), the 
variance of the error and ultimately the p-value could 
not be calculated [21]. Therefore, pooling process 
is unavoidable for ANOVA the mentioned problem 
was also occurred in this study which pooling pro-
cess was applied with the elimination of the variable 
with the lowest amount of sum of square error (SSE).

8. Regression analysis to fit the regression 
model for each response. The Taguchi mod-
el includes linear and quadratic variables:

Where, A0, k, Ai, and Aii represent a constant, the num-
ber of variables, the coefficients of the linear terms, and 
the coefficients of the quadratic parameters, respectively. 

0 1 1

k k
i i ii iii i

Y A A Z A Z
 

    )4(

Levels  T (ºC) P (bar) F (mL/min) m (g) 

Level 1 40 1.5 12.5 500 

Level 2 55 2 20 700 

Level 3 70 2.5 5 900 

 

  

The obtained experimental data were used to cal-
culate the coefficients of the second-order polyno-
mial equation by the LSM technique. It is should be 
noted that pooling process was applied for the deter-
mination these coefficients and also, non- significant 
parameters were eliminated by F-value and P-value 
tests. The F-value is a ratio of the mean square error 
to the residual error [20] which if F<4 and P> 0.3 then 
the variation of the design parameter has no signifi-
cant impact on the response and the contribution of 
this parameter on the response could be neglected [22].

9. Verification of the optimal design parameters 
through the additional confirmation tests [20, 22, 23].

2.6 Implementation of Taguchi method

The independent variables are drying air tempera-
ture (T), spraying nozzle air pressure (P), binder flow-
rate (F), and initial mass of particle (m) in the range 
of 40–70 ºC, 1.5-2.5 bar, 5-20 mL/min, and 500-900 
g, respectively. For granule property evaluation, mean 
size, size distribution, and granules flowability were 
considered. Input variables and their levels are shown 
in Table 2. The granulation experiments were conduct-
ed according to the L9 Taguchi design presented in 
Table 3.

Table 2.
 Factors and their levels for fluidized bed granulation study of Lactose Particles using Taguchi method.
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Table 3.
 Experimental runs in the Taguchi’s L9(34) orthogonal array.

As can be observed, an increase in the air tempera-
ture from 40 to 55 °C leads to a decrease in the granule 
mean size, but further increase in temperature up to 
70°C leads to an increase in the mean granule size. 
Rising the air temperature leads to further evaporation 
and drying of droplets before a successful contact with 
particles. Moreover, the wetted area of the particles has 
more potential to dry at higher temperatures. On the 
other hand, as illustrated in table 3 the surface tension 
of the binder is decreased from 47.0 to 42.5 mN/m by 
changing the temperature from 40 to 55°C, but further 
increase in temperature up to 70°C does not change the 
surface tension, considerably. Binder droplets tend to 
spread more effectively at lower values of surface ten-
sion which results in more effective collisions and sub-
sequent particle agglomeration. So, the observed trend 
can be attributed to these two opposing phenomena. 

No. of Experiments T (ºC) P (bar) F (mL/min) m (g) 

1  40 1.5 12.5 500 

2  40 2 20 700 

3  40 2.5 5 900 

4  55 1.5 20 900 

5  55 2 5 500 

6  55 2.5 12.5 700 

7  70 1.5 5 700 

8  70 2 12.5 900 

9  70 2.5 20 500 

 

 3. Results and discussion 

3.1 Granule mean size
The results of the experimental runs according to 

Taguchi design are shown in Table 4. It is desired to 
analyze the mean response for each run in the inner 
array and to analyze the variation using an appro-
priate signal-to-noise (S/N) ratio. The S/N ratios for 
various outputs on different levels are shown in Ta-
ble 5. The rank of variables for the different param-
eters as for proper S/N ratio is also specified in the 
same table. The relevance of variables is determined 
by variables rankingThe binder flowrate is the most 
effective variable and spraying nozzle air pressure, 
drying air temperature, and initial mass of particles 
are followed, respectively. Effects of process param-
eters on the granule mean size are shown in Fig. 3. 

Table 4.
Column assignment for the various outputs in the Taguchi’s L9(34) orthogonal array.

Outputs/Experimental runs 1 2 3 4 5 6 7 8 9 

The  mean size of granule (mm) 0.354 0.372 0.123 0.263 0.171 0.192 0.166 0.347 0.221 

Granule Size Distribution: (D80-D20) 0.337 0.334 0.099 0.225 0.136 0.239 0.118 0.280 0.205 
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Outputs Factor       L1    L2    L3 Rank 

The  mean size of granule (mm) T -11.94 -13.76 -12.63 3 

P -12.07 -11.04 -15.22 2 

F -10.85 -11.10 -16.38 1 

m -12.49 -12.84 -13.00 4 

Granule Size Distribution: (D80-D20) T 13.02 14.24  14.46  3 

P 13.66 12.64 15.43  2 

F 10.98 12.08 18.66  1 

m 13.51 13.51 14.70  4 

 

Table 5.
 Column assignment for the S/N ratios of various outputs onto different levels.

 
Fig. 3. Effects of process parameters on granule mean size. 
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Moreover, variations of the spraying nozzle air pres-
sure versus granule mean size is shown in the Fig. 3,. 
As can be observed, changing the pressure from 1.5 
to 2.0 bars increases granule mean size but further in-
crease in the pressure leads to a decrease in the granule 
mean size. This can be attributed to two different phe-
nomena: the increase in the number of binder droplet 
per granulator active volume and consequent rise in the 
probability of droplet-particle collision and subsequent 
better particle wetting. On the other hand, the reduction 
in droplet size of binder solution has two major effects: 
(1) More probable droplet drying before collision with 
particles, (2) reduction of the ratio of the binder thick-
ness on the particle surface, which leads to an increase 
in the probability of bouncing for collided particles. 

The influence of the binder flow rate on the mean 
granule size is also shown in Fig. 3. The observed 
trend illustrates an increase in the binder flowrate from 
5.0 to 12.5 mL/min leads to increase in the granule 
mean size but further increasing of the binder flow-
rate from 12.5 to 20.0 mL/min does not affect gran-
ule mean size, significantly. The observed trend can 
be attributed to the the granule mean size because of 
increasing the number of droplets per unit volume 
of granulation bed and, as a consequence, the prob-
ability of particle-droplet collision increases which 
leads to more efficient particle agglomeration. The 
observed  trend beyond F=12.5 mL/min can be ex-
plained by a decrease in the rate of drying of bind-
er due to fixed heat input into the bed which in turn 
increase the probability of liquid bridge rapture.  

As can be observed in Fig. 3, initial mass of parti-
cle has no considerable influence on the granule mean 
size. By increasing the mass of initial particles, the 
number of particles per unit volume of granulation 
bed increases and consequently a dual effect is ob-
served. In one hand, the probability of particle-drop-
let collision is increased and on the other hand, the 
probability of breakage and attrition of granules is in-
creased. Almost, the two effects cancel out each other. 

The optimal performance of the granule mean size 
is obtained at 40°C, 2 bar , 12.5 mL/min  and 500 g A 
similar trend was also obtained in the investigation of 
effect of process variables on growth kinetics of lactose 
particles in a wet spray fluidized bed granulator [8].

The result of the ANOVA test for granule mean size 
is shown in Table 6 and P.C. depicts the contribution 
of each parameter in this table. As can be observed, 
theP.C. of binder flowrate is 55.89% and the initial mass 
of particle (F<4 and P> 0.3) has negligible effect on 
the granule mean size. A second-order polynomial cor 
relation was also obtained for the granule mean size.  

2 2 2

2

0.2388 0.2398 0.2662 0.1672 0.05517 0.07683 0.05983 ,

98.58%

mean size T P F T P F
R

      


 

as a function of effective and independent variables 
(Eq. 5). The coefficient of determination (R2=98.58%) 
for this model indicates that the model adequately rep-
resents the experimental data and all variations could 
be covered by the proposed correlation approximately.

3.2 Granule Size Distribution

   The S/N ratio analysis is shown in Table 5. The ef-
fectiveness of variables on granule size distribution is 
ranked as follows: binder flowrate, spraying nozzle 
air pressure, drying air temperature, and initial mass 
of particle, respectively. Fig. 4 depicts the effects of 
process parameters on the granule size distribution. 
It should be noted that (D80-D20) is considered as a 
criterion of the size distribution narrowness. In this 
regard, lower values of (D80-D20) is preferred due to 
more uniform size distribution.  D80 and D20 are the 
sizes in which 80 and 20 percent of particles lay below 
them, respectively. As can be observed, (D80-D20)  is 
decreased by an increase in the air temperature from 
40°C to 55°C but further increase in the air temperature 
beyond this limit has practically no effect on (D80-D20) 
.   The observed trend can be attributed to the two dif-
ferent effects: In the one hand, rising the air tempera-
ture increases the probability of the drying of liquid 
bridges between wetted particles and caused to prevent 
from breakage of the adjoining particles which in turn 
leads to the production of more uniform granules.  On 
the other hand, the probability of the droplet drying is 
increased at higher temperature, which in turn leads to 
reduction of the droplet size and subsequent inefficient 
particle wetting. It seems that the former effect is dom-
inant up to 55°C and the latter diminishes the former 
beyond this limit.   
   The influence of spraying nozzle air pressure on the 
particle size distribution is shown in Fig. 4,. This trend 
illustrates that rising the pressure from 1.5 from 2.0 bar 
leads to an increase in (D80-D20) but further increase in 
atomizing air pressure to 2.5 bar leads to a decrease in 
(D80-D20). It should be noted again that the lower val-
ues of (D80-D20) is preferred due to more uniform size 
distribution. The observed trend can be explained by 
two contrary effects. Increasing the nozzle air pressure 
leads to reduction in droplet size. At a constant binder 
flow rate this leads to subsequent increase in number 
of droplets available per active volume of the fluidized 
bed which in turn increases the probability of drop-
let-particle collision. On the other hand, solidifying

)5(
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of the smaller binder droplets in comparison with 
larger ones took place more probably before effective 
collision with particles. Obviously, when more wetted 
particles are available in the fluidized bed the prob-
ability of uniform growth of particles increases and 
(D80-D20) will be smaller when the volume number 
density of droplet increases. 
   From Fig.4, increasing the binder flowrate from 5 to 
12.5 mL/min has a negative effect on the particle size

 
Fig. 4. Effects of process parameters on granule size distribution.

distribution but further increase in the binder flowrate 
to 20 mL/min, leads to more uniform particle size dis-
tribution. It should be noted that the number of droplets 
per volume and mean droplet size are increased by an 
increase in the binder flow rate which in turn increase 
the probability of uniform wetting of particles and sub-
sequent uniform size dsitribution. The observed trend 
of (D80-D20) in the range of Q = 12.5 to 20 mL/min can 
be explained accordingly. 

 
Fig. 5. Effect of granule mean size on flowability.
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   However, in the case of low binder flow rate (i.e.,Q=5 
mL/min) the more uniformity is observed in term of 
(D80-D20) but it should be noted that no considerable 
growth is carried out in this binder flow rate. In oth-
er words, as can be seen in Fig3, the lowest value of 
mean particle size is observed using Q=5 mL/min and 
the particle size distribution is similar to the starting 
powder. In the other words, at lower binder flow rates 
the droplet size is smaller and the number of droplet 
per volume is reduced which in turn leads to more 
probable droplet drying before collision to particles. 
In comparison with other parameters, initial mass of 
particle has no significant effect on the granule particle 
size distribution considering variable ranking (Table 5) 
and Fig. 4. It shoul be noted that the set of granula-
tion parameters which produce the most uniform sized 
granules (the lowest D80-D20) are at T=55°C, (level 2), 
P=2.5 bar (level 3), F=5 mL/min (level 3) and m=900 
g (level 3). 

Responses Terms Regression T T×T P P×P F F×F m m×m error total 

 

 

Mean size 

DOF 7 1 1 1 1 1 1 1 ----- 1 8 

SSE 0.068702 0.002204 0.006087 0.010168 0.011807 0.031248 0.007160 0.000028 ---- 0.000020 0.068722 

P.C. 99.97% 12.06% 31.98% 55.89%    0.041%   0.0291 100% 

P-value 0.035 0.061 0.037 0.028 0.026 0.016 0.034 0.446a ------   

F-value 489.37 109.90 303.49 507.00 588.70 1588.08 357.01 1.40a ----   

 

Responses Terms Regression T T×T P P×P F F×F m m×m error total 

 

 

Distribution 

size 

DOF 7 1 1 1 1 1 1 1 ---- 1 8 

SSE 0.062436 0.004648 0.001663 0.003128 0.004263 0.042168 0.005653 0.000913 ---- 0.000556 0.062992 

P.C. 99.12% 9.94% 11.73% 75.92% 1.45% 0.88% 100% 

P-value 0.190 0.212 0.334a 0.254 0.221 0.073 0.193 0.422a ----   

F-value 16.05 8.37 2.99a 5.63 7.67 75.90 10.18 1.64a ----   

   

   The accuracy of the granule size distribution was 
confirmed with triplicate experiments giving the av-
erage the granule size distribution uniformity index of 
(D80-D20) = 0.079±0.02 mm.   
Table 7 illustrates the ANOVA results and P.C. of each 
parameter in related to particle size distribution of 
granules.The contribution of binder flowrate is 75.92 
% from total of regression and the parameters m and 
T2 (F<4 and P>0.3) have negligible contribution on 
the regression model. Thus, the second-order poly-
nomial model of particle size distribution of granule 
obtains as a function of effective variables shows in 
Eq. 6. R2=95.03% for this model states that the model 
satisfactorily represented the experimental data and all 
variations could be covered by the recommended mod-
el approximately.

Table 6.
 ANOVA of granule mean size (with pooling process).

Table 7.
ANOVA of granule size distribution (with pooling process).

a non-significant

a non-significant

2 2

2

0.157 0.027 0.1618 0.1288 0.0462 0.0532 ,
95.03%

size distribution T P F P F
R

     


 

)6(
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3.3 Flowability analysis
   The powder flowability is the main property which 
affects the handling and processing operations, such 
as storage in hoppers and silos, transportation, mix-
ing, compression and packaging [24]. On the other 
hand, particle size is one of the most important phys-
ical properties which affects the powders flowability. 
So, powders with larger particle sizes are free flowing, 
while fine powders are subject to cohesion and their 
flowability is more difficult [25]. This fact is proved 
with investigation of the flowability trend versus gran-
ule mean size in Fig. 5. As can be observed in Fig. 5, 
the larger particle sizes have lower discharge time, and 
consequently, the better flowability.  

Conclusions

In this research, Taguchi method was employed to 
investigate the effects of process parameters on the 
granule mean size and granule size distribution in a 
fluidized bed granulation process. A L9 Taguchi array 
was selected with four independent variables includ-
ing binder flow rate, drying air temperature, spraying 
air pressure, and initial mass of particles at three levels 
to obtain the variables ranking and fitting second-order 
polynomial model for each response. Finally, optimi-
zation of each response was carried out considering 
the greatest mean size and more uniform size distribu-
tion (the lowest D80-D20). The predictive data of Tagu-
chi method are very compatible in comparison with
experimental results. Moreover, the effect of granule 
mean size on the granules flowability was investigated 
which shows the larger granules size leads to the better 
flowability behavior. 
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