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Abstract

The fluidized bed coating system is a conventional
process of particles coating in various industries. In
this work, an experimental investigation was
conducted using Response Surface Methodology
(RSM) to optimize the coating mass of particles in a
top-spray fluidized bed coating. The design of
experiments (DOE) is a useful tool for controlling
and optimization of products in industry. Thus,
DOE was conducted using MINITAB software,
version 16. This process used a sodium silicate
solution for coating the sodium percarbonate
particles. The effect of the fluidization air flow rate,
atomization air flow rate and liquid flow rate on the
coating mass in the top-spray fluidized bed coating
was investigated. The experimental results
indicated that the coating mass of particles is
directly proportional to the liquid flow rate of the
coating solution and inversely proportional to the
air flow rate. It was demonstrated that the flow rate
of the coating solution had the greatest influence on
the coating efficiency.

Keywords
Fluidized bed, Top-spray Coating, Pneumatic nozzle,
RSM.

1 Introduction

Fluidized bed technology is a common process
step in the chemical, agricultural, pharmaceutical
and food industries. The coating of solid particles,
among others, is used to achieve a variety of
functions, including the controlled release of drugs,
protection of the core from external conditions, taste
or odor masking, easier powder handling, and
greater stability [1-3]. In addition, the fluid bed

coating technique has been used in drug delivery
systems [4]. Fluidized beds are divided into top-
spray, tangential spray, bottom spray and the
Wurster system (this is used more in the
pharmaceutical industry). The coating of high-
quality particles is often done using the top-spray
system with a circulating fluid (see Fig. 1). In this
system, a cylinder of appropriate size is placed in
the center of the bed. The system forces the particles
to circulate in the bed, which facilitates an even
distribution of the wetting and drying time between
particles [5,6]. In the top-spray fluidized bed
coating, the coating solution is sprayed onto the
surface of the fluidizing particles by a nozzle which
is placed above the bed. The coating solution that is
adhesive on the particle surface is dried due to the
heat and vapor removal supplied by the fluidizing
gas. The advantage of this coating technique is that
the coating and drying take place simultaneously.
Moreover, it can be used to coat particles in the size
range of 0.1 to several millimeters [7]. The product
quality and the process efficiency are largely
determined by the spray and bed characteristics, and
the particle motion characteristics in terms of the
residence and circulation times [8, 9]. For spraying
liquid droplets in a fluid bed, generally, pneumatic
two-fluid nozzles are used. In these nozzles, the
liquid jet is changed to droplets by the air flow.
Using pneumatic nozzles helps to control the size
and distribution of the droplets, particularly when
the liquid flow rate is low. the droplets sprayed by
the pneumatic two-fluid nozzles are smaller than
those using single fluid nozzles.The important
aspects in controlling the fluidized bed coating
process include controlling the product temperature
and the growth of the coating film. Applying a
fluidized bed coating to heat sensitive products,



such as enzymes, proteins or microorganisms, can
protect them from environmental damage [1, 10-12].
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Fig. 1 a) Schematic image of a top-spray system with
circulating fluid. b) Different parts of the bed: 1. Expansion
chamber (deceleration region, fountain), 2. Down bed region,
3. Draft tube (Cylinder), 4. Air distributor plate, 5. Nozzle.

The tools and techniques used in the DOE have
proven successful in meeting the challenge of
continuous improvement in many manufacturing
organizations over the last two decades. However,
research has shown that the application of this
powerful technique in many companies is limited
due to the lack of statistical knowledge required for
its effective implementation [13]. Within the DOE
approach, initially a target value or set of target
values has to be defined for specific parameters,
which is referred to as the response. To become
acquainted with a process, in general, DOE uses a
screening design to analyze the effect of several
influencing variables on the response and to separate
the main influencing parameters from those that
only have a minor impact. A further step within the
DOE approach is the response surface methodology,
which investigates the local and global optima of the
process and identifies the relevant interactions
between the influencing variables [14]. DOE is one
of the key elements of the quality by design
principles that have been used to study fluidized bed
coating process. The use of DOE allows for testing a
large number of factors, as well as their interactions
simultaneously. The response surface methodology
(RSM) is one of the popular methods in DOE,
which involves the use of different types of
experimental design to generate polynomial
mathematical relationships and to map the response
over the experimental domain to select the optimal
process parameters [15, 16, 17]. An efficient way of
planning and optimizing such experiments involves

the principles of DOE. The key property of DOE is
that while several factors are varied simultaneously,
each factor may be evaluated independently. The
simplest DOE are often factorial experiments, where
all factors are varied simultaneously at a limited
number of factor levels. More complex DOE
involve  response surface designs. Central
Composite Designs (CCD) are possibly the most
popular type of response surface designs [18]. If the
factors act additively, the DOE design does the job
with much more precision than one-factor-at-a-time
methods, and if the factors do not act additively, the
DOE, unlike the one-factor-at-a-time design, can
detect and estimate the interactions that measure this
non-additivity. Hence, an advantage of DOE is that
it allows for the maximum amount of information to
be extracted using the minimum number of
experiments. DOE is also useful as it allows for
straightforward handling of experimental errors and
allows for data extrapolation [19]. The top-spray
fluid bed system is used for particles coating. In this
process, coating materials are sprayed onto the
fluidized particles, and the liquid reacts with fluid
particles or covers their surface in the bed [20]. The
uniform distribution of the coat in the fluid bed
depends on the type of coating liquid, size and type
of particles being coated, fluidization air flow, and
nozzle spray type [21, 22]. In the fluidized bed
coating, agglomeration is an  undesirable
phenomenon, and a number of studies have focused
on reducing it [23, 24]. Agglomeration is mostly
used for pelletizing and granulation in the
pharmaceutical industry [25]. In recent years, some
work in the field of mathematical modeling and the
simulation of hydrodynamics, heat and mass transfer
in fluidized beds, and the droplet deposition
behavior and dynamic particle populations in the
granulation process have been conducted [8, 26-29].
Some studies have also addressed the optimization
of various process parameters for the formulation
and scaling parameters in fluid beds [30, 31].
Recently, statistical optimization was employed in
the various processes because it quickly screens a
number of multiple parameters and their
interactions, and reflects the function of an
individual factor or component [32].In the present
study, sodium percarbonate particles are coated by
sodium silicate in a top-spray fluidized bed system.
The protective silicate layer protects laundry
detergent powder particles from humidity and
corrosion and conserves the available oxygen in the
powder, where oxygen has a bleaching role in the
powder. The aim of this study is to recommend an
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established statistical methodology to optimize the
process conditions, such as the fluidization air flow
rate, liquid flow rate, and the atomization air flow
rate to enhance the coating mass using the RSM
experimental design.

1.1 Materials and Method

Sodium percarbonate powder (SPC) was supplied
from the Solvay company (OXYPER®, general
grade, and available oxygen is minimum 30%). SPC
particles were fractionated by sieving. The mean
diameter of the particles (grade dependent) was in
the range of 450 to 500 upm. For each coating
experiment, 100 g of SPC was used. Sodium silicate
(SS) solution was used as the coating solution with
30% volumetric concentration and diluted in water
(300 ml liquid sodium silicate was dissolved in 700
ml water). The chemical composition of the applied
materials is summarized in Table 1.

Table 1 General properties of materials.

Density MW (kg/
Name-Formula | Appearance (kg/m®) mol)
Sodium
percarbonate White solid Wa’ggofree 0.157
Na,C0O3;-1.5H,0,
White to
Sodium silicate greenish
Na,SiO; opaque 2610 0.122
crystals
2 Equipment

A Plexiglas fluidized bed chamber was used for
the coating process. For spraying of the coating
solution, a pneumatic nozzle was placed in the top
of the bed. After the spraying process, the coated
particles were dried in the bed. The process
variables were the atomization air flow rate due to
controlling the spray droplet size, the fluidization air
flow rate, and the liquid flow rate of the coating
solution.

2.1 Description of the Coating Process

The top-spray fluid bed coating system used in
the present study is shown in Fig. 2. As shown in
Fig. 2, the shape of the bed is cylindrical, the bed
height is 450 mm, and the bed diameter is 170 mm.
There is a small cylinder (draft tube with 70 mm
width and 100 mm height) in the center of the bed,
which provides a circular flow of particles for a
better coating process. Also, there are three sensors

for controlling the temperature (S1, S2, S3) and one
for humidity (S4). The air and liquid flow rates are
measured by means of the rotameters.
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Fig. 2 Schematic image of the apparatus: 1. Power and control
box,2. Pressure gauge, 3. Electric valve, 4. Liquid Rotameter,
5. Atomization air Rotameter, 6. Nozzle, 7. Fluid bed, 8.
Internal Cylinder, 9. Air distributor, 10. Air compressor,

11. Liquid pressure tank, 12. Blower, 13. Fluidization air
Flowmeter, 14. Heater, 15. Inlet air Flow.

2.2 Process Performance

The air flow leaves the blower and enters into the
bed via the air distributor plate located in the bottom
of the bed. The compressed air goes into the nozzle
to spray the coating liquid onto the fluidized
particles. During each cycle, the coating liquid is
sprayed on the fluidized particles before they are
dried. This system is composed of three main parts:

1. A nozzle to spray the liquid.
2. An air distribution plate to fluidize the particles.
3. A draft tube to create the circulating flow.

During the fluidization process in the bed, the
nozzle sprays the coating solution on the fluidized
particles. In each experiment, the coating mass W¢
(g) on the particles surface was measured and
reported based on 100g sodium percarbonate
particles. The liquid solution was sprayed three
times per minute (each spray pulse was about 1
second). This regulates the coating value to prevent
the adhesion or agglomeration of the particles in the
bed. During the coating process, the temperature and
humidity of the bed were measured and controlled.
These variables help to improve the product quality.
Decreasing the temperature causes an increase in the
humidity and agglomeration may occur in the bed.



3 Experimental Design

To optimize the coating process in the fluidized
bed, the response surface as a function of the
selected key variables was determined. The coded
and physical values of the investigated process
variables were the atomization of the air flow rate
(QA), liquid flow rate (QL) for spraying and the
fluidization air flow rate (QF), which are illustrated
in Table 2. The low level of the variables is (-1),
medium level is (0), and high level is (+1).

Table 2 Actual and coded values of the process variables.

Actual values Low Medium High
QA (L/min) 5 75 10
QL (ml/min) 25 62.5 100
QF (m°fhr) 150 375 600

Coded values -1 0 +1

3.1 Analysis of the process

For each experiment, 100g anhydrous sodium
percarbonate was coated on the floor of the bed, and
then these particles were fluidized by the buoyancy
force of the air and covered in 5 min by the spraying
of liquid sodium silicate. After the coating process,
the particles were dried by the hot air flow for3 min.
The particles mass was weighed before and after the
coating stage. The normal temperature for drying the
fluidized particles in the bed was set to 70 ° C as this
is more than the dew point, and, hence, there will be
no humidity in the product. During the drying
process, the best temperature was controlled by a
heater using a temperature controller. The bed
humidity was evaluated before starting the coating
process and after the drying process for better
production. In some cases, due to high humidity in
the bed, a viscid coating solution or the use of a high
spray liquid flow rate during the coating process,
some particles are converted to granular form
(agglomerate) due to the coagulation and cohesion
of the fluidized particles in the bed.

4 Results and Discussion
4.1 Coating Calculations

Before the experimental design, the maximum
coating mass for a particle was calculated
mathematically. The approximate mass of a particle,
which is weighed using an accurate digital
electronic precision balance(m,) and the mass of
100g sodium percarbonate (m;),which is divided by
(mp) to obtain the approximate number of particles
(N) equals 34365. The mass of the coated particles

covered by sodium silicate solution is (ms). Thus,
the difference between the (ms) and the coating mass
for one particle is (m¢). The coating mass of one
particle multiplied by N is used to calculate the
maximum coating mass of 100g sodium
percarbonate (Wmax),which is equivalent to the mass
of silicate in the suspension minus the mass of all
the particles available to be coated. The value of the
coating mass for 100g percarbonate particles after
drying for each experiment is (W¢). The various
stages of the calculation are as follows:

100
N =m,/mp = m = 34365 (1)
m, =ms—mp = 6.32X 107 *g (2)
Wiax =me XN =2172g (3)

The experimental design, which includes three
factors and levels for 20 runs, is reported in Table 3.
MINITAB (Version 16.0) was used to describe the
response surface method (RSM). RSM analysis was
used to identify the optimum values of the
experimental factors in a more effective way, and to
reveal the important factor interactions.

Table 3 Experimental design and response values.

N QA QL QF We (9)
1 -1 -1 -1 13.00
2 1 -1 -1 11.74
3 -1 1 -1 18.45
4 1 1 -1 16.80
5 -1 -1 1 12.10
6 1 -1 1 11.40
7 -1 1 1 17.80
8 1 1 1 15.00
9 -1 0 0 14.20
10 1 0 0 13.50
11 0 -1 0 11.74
12 0 1 0 17.54
13 0 0 -1 14.15
14 0 0 1 13.56
15 0 0 0 13.90
16 0 0 0 13.80
17 0 0 0 14.00
18 0 0 0 14.10
19 0 0 0 14.00
20 0 0 0 13.85

The coating mass in various experiments and levels
of liquid or air flow rates was analyzed using
MINITAB software.

4.2 Results of RSM Analysis

An optimum coating mass is obtained of 18.614g
for 100g of particles using RSM analysis. This
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optimum value (Wop) is close to the coating mass in
experiment No.3 (18.45g) in Table 3. In this
experiment, QA is 5 (L/min), QL is 100 (ml/min)
and QF is 150 (m%hr), which shows that the
optimum coating mass is obtained for themaximum
level of QL and theminimum level of QA and QF.
Also, the responses of experiments 7 and 12 are
close to the optimized value. Thus, increasing the
liquid flow rate and decreasing the atomization and
fluidization air flow rate, can achieve the optimal
point. The relative error ratio, which is the
difference between the optimum value (W,,) and
achieved value in each experiment (W), can be
calculated using equation 4.

Wop-Wi
% Error = l;f—Ll x 100
opP

(4)
4.3 Analysis of Variance for Experiments

Analysis of variance (ANOVA) is used for better
analysis of DOE and is complementary to the
results. Table 4 shows the results of ANOVA for the
coating mass (Wc). In the ANOVA table, DF is the
degree of freedom, Seq SS (R?) is sequential sum of
squares, Adj SS is adjusted R-square, the F-value is a
value, when we run an ANOVA test or a regression
analysisto find out if the means between two
populations are significantly different. Also F
test will tell us, if a group of variables are jointly
significant. We can use the F-value when deciding
to support or reject the null hypothesis. We should
also consider the P-value. The P-value is determined
by the F-value. The F-value must be used in
combination with the P-value. If we have a
significant F-value, it doesn’t mean that all your
variables are significant. The statistic is just
comparing the joint effect of all the variables
together.

If the P-value is less than the alpha level, it should

be studied the individual P-values to find out which
of the individual variables are statistically
significant.

Otherwise our results are not significant and we
cannot reject the null hypothesis. A common alpha
level for tests is 0.05. The P-value is the measure of
how likely the sample results are, assuming the null
hypothesis is true. P-values range from 0 to 1. A
small (P<0.05, a commonly used level of
significance) P-value indicates that the power level
has a statistically significant effect on each rate.
According to the results in column P, all three
variables, fluidization air flow rate (QF), liquid flow
rate (QL), and atomization air flow rate (QA) have a
significant role in the response. However, the value
of QL has the greatestimpact onthe result of
thecoating  process, becausethe P-value for
theinteractions between thevariables and QL is more
significant. Thus, the liquid flow rate makes a direct
contribution to the coating mass of the particle
surface and the air flow rate is inversely
proportional to the coating mass. Thus the increase
of air flow rate, causes reduction of coating mass on
the particles, because the F-value for liquid flow rate
in ANOVA table is 589.56, that is the maximum
value in column F. Also the R? value is 65.58 for the
liquid flow rate, which shows that the liquid flow
rate has more influence compared to the fluidization
air flow rate and the atomization air flow rate.

The F-value and R? show the importance of the
experimental model and confirm the experimental
results. The minimum mean square error (MMSE) is
0.98548, which shows the accuracy of the results.
Furthermore, the ANOVA results in the relevant
columns for the R?® and F-value have good
consistency with the experimental data.

Table 4 Results of the ANOVA Table for coating mass, W¢ (9).

Source DF Seq SS Adj SS Adj MS F P
Regression 9 75.4904 75.4904 8.3878 75.40 0.000
Linear 3 72.3980 72.3980 24,1327 216.93 0.000
QA 1 5.0552 5.0552 5.0552 45.44 0.000
QL 1 65.5872 65.5872 65.5872 589.56 0.000
QF 1 1.7556 1.7556 1.7556 15.78 0.003
Square 3 2.0908 2.0908 0.6969 6.26 0.012
QA*QA 1 0.5314 0.0180 0.0180 0.16 0.696
QL*QL 1 1.5568 1.3827 1.3827 12.43 0.005
QF*QF 1 0.0026 0.0026 0.0026 0.02 0.881
Interaction 3 1.0015 1.0015 0.3338 3.00 0.082
QA*QL 1 0.7750 0.7750 0.7750 6.97 0.025
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QA*QF 1 0.0435 0.0435 0.0435 0.39 0.546
QL*QF 1 0.1830 0.1830 0.1830 1.65 0.229
Residual Error 10 1.1125 1.1125 0.1112
Total 19 76.6029
4.4 DOE Analysis Results
Countour Plot of WC vs QL, QA
) 100 e —
According to the Table 4, P-values were also ;L_ﬂ—#”“ o
considered as criteria for understanding the i ,/_,”/ o 15
significance of the model. The smaller the value of _ A2516 — ]
P, the more significant the model is. P-values of E _— _—
more than 0.05 were identified as non-significant 7 625 ﬂ,ﬂf .
and non-contributing. The most significant effects ) —4— o
of variables and their interactions were selected by 55 —
- - —y- - -y _,_,_.—o--""'_(_'—ﬂ_
considering the half-normal probability plots. Fig. — -
3 shows how these variables were selected. Red ] n—"
points (Circles) indicate main effects, whereas 2“’5 635 R 10
green points (Squares) indicate interactions. Values QA (L/min)

positioned away from the straight line and at the
right side of the plot are significant modes which
were used in the ANOVA calculations.

Probability Plot, Var.:WC(g) , R-sqr=0.98548, Adj:0.97241
3 factors, 1 Blocks, 20 Runs, MS Residual=0.1112485

3.0

25 o

2.0 95

@ay

.85

75
.85

45

Half-Normal % Probability

.25

Expected Half-Normal Values (Half-Normal Plot)

.05

0.0
-5 0 5 10 15 20 25 30

o-Interactions QA(1L), QL(2L), QF(3L) o-Main effects and other effects
Standardized Effects (t-values) (Absolute Values)

Fig. 3 Half-normal graphs for selecting the main effects
QA(1L), QL(2L), QF(3L), interactions (1L by 2L, 2L by 3L,
1L by 3L) and Quadratic form QAc(Q), QLc(Q), QFc(Q).

The results and influence of the operational
variables, atomization air flow (QA), liquid flow
rate (QL) and fluidization air flow rate (QF), and
the optimum values (OP) as contour lines by RSM
analysis are shown in Figs. 4, 5 and 6.

Fig. 4 Contour plot of the coating mass, W¢ (g) as function
of QA (L/min) and QL (ml/min).

As shown in Fig. 4, the reduction in the
atomization air flow rate and the increase in the
liquid flow rate cause an increase in the coating
mass. Fig. 5 shows that a decrease in the
fluidization air and atomization air flow rates
increase the coating mass value. This is because of
the reduction in the movement of the fluidized
particles in the bed and the increase in the number
of particles to be coated. An increase in the
fluidization flow rate will result in faster particles
movement, and, hence, less liquid sticks to them.

Contour Plot of WC vs QF, QA
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Fig. 5 Contour plot of the coating mass, Wc¢(g) as function
of QA (L/min) and QF (m%h).

An increase in the atomized air flow rate causes
a decrease in the amount of liquid flowing through
the nozzle orifice, and considerably less solution is
poured on the particles. Thus, the effect of the
liquid flow rate on the coating mass is positive, and
the effect of air flow rate is negative. However, a
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high liquid flow rate has a negative effect on the
coating process and causes high humidity in the
bed and particles agglomeration, and the product
will be damaged.

Contour Plot of WC ve QF, QL
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Fig. 6 Contour plot of the coating mass, W¢ (g) as

function of QF (m%h) and QL (ml/min).

As shown in Fig. 6, increasing the liquid flow
rate and decreasing the fluidization air flow rate,
increases the coating mass value, since the liquid
spray rate decreases in the nozzle outlet and less
coating solution is poured on the particles. An
increase in the fluidization air flow rate, causes the
particles to float more and move faster, and, hence,
less liquid sticks to them, i.e., the optimized area is
located on the far right at the bottom of Fig. 6.

The achieved results of the coating plots confirm
that the liquid flow rate is the most effective
relevant factor when aiming to increase the coating
mass.

4.5 Regression Analysis

The regression coefficient, standard error, T-
values and P-values for the full quadratic model
of the coating mass are presented in Table 5. The
fitted second-order  polynomial is more
acceptable. The total coating mass forl00g of
particles is calculated using the second-order
polynomial equation predicted by the model for
maximum coating mass and by applying the
regression analysis on the experimental data
according to Table 5. The significance test of the
individual model coefficients involves the
determination of the P and T-values. The T-value
represents the significance of the independent
variables on the response. The P-value indicates
that the three main factors and two interactions
have a statistically significant effect on the

response. This shows that the factors QA*QA,
QF*QF, QA*QF and QL*QF are not effective on
the coating mass.

Table 5 Results of estimated regression for coating mass.

Term Coef SE Coef T P

constan 13937 0.1147 121551 0.000

QA 0.7110 0.1055 6.741 0.000

QL 25610 0.1055 24.281 0.000

QoF -0.4190 0.1055 -3.973 0.003
QA*QA |  -0.0809 0.2011 0,402 0.696
QL*QL 0.7001 0.2011 3526 0.005
QF*QF -0.0309 0.2011 -0.154 0.881
QAQL | 03112 0.1179 2,639 0.025
QA*QF |  -00738 0.1179 -0.625 0.546
QL*QF 0.1512 0.1179 -1.283 0.229

A quadratic model was derived, of which all
effects (first, second-order, and interaction)
remained significant after model reduction
(P<0.05). Consequently, the following equation
was obtained:

We = 4+13.9374 — 0.7110 QA + 2.5610 QL — 0.419 QF
+0.7091 QL? — 0.3112 QA. QL — 0.1512 QL. QF
—0.0738 QA.QF — 0.0809 QA? — 0.0309 QF? 5)

The coefficient of QL is 2.25 in Eq. (5); thus, the
liquid flow rate has a greater impact on the amount
of coating than the other coefficients. To obtain the
optimum levels of the factors, given values were
set by the MINITAB multiple response optimizer
under global solution for the optimum levels of
QA, QL and QF, whichwere 5 (-1), 100 (1) and
150 (-1), respectively; as shown in Table 6.

Table 6 Derived optimum levels for experimental variables.

No QA QL QF Response | Desirability
“| (L/min) | (ml/min) | (m%hr) (9) (9)
3 5 100 150 18.45 18-19

The average total mass of coating from the
results of column (W¢) in table 3 is 14.236g. The
maximum response for the coating particles
calculated using the RSM method is 18.45g. Thus,
the coating yield is calculated using Eq. (6).

14.236
18.45

Yield = | | x 100 = 77.16 % (6)
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Fig. 7 shows the Pareto chart of the standardized
effects. The Pareto chart displays the absolute
value of the effects and draws a reference line on
the chart. Any effect that extends beyond this
reference line is potentially important. According
to the Pareto chart, factors QL, QA, QF, QL*QL
and QA*QL have a significant effect on the
response. Since the other terms are insignificant,
we can drop these terms in the model.

DV: Wi (gr)

QL ] 24.28077

QA ‘-6,74097

QF |.3 97253

QL*QL ‘3‘525503

=
U QA*QL =
= QA*Q. ‘ 263941

QLAQF :|-1 28251

QA*QF ] =623403

QA*Qa J-Aozzes

QF+QF [-153476

P=0.03 Standardized Effect Estimate (Absolute Value)

Fig. 7 Pareto chart of standardized effects.

Table 7 shows the fitted values, residuals and
standardized residuals of the coating mass results.

Table 7 The normalized results of responses.

StdOrder W Fit Residual Std Resid
1 13.00 12.567 0.433 2.85
2 11.74 11.915 -0.175 -1.16
3 18.45 18.614 -0.164 -1.08
4 16.80 16.717 0.083 0.54
5 12.10 12.179 -0.079 -0.52
6 11.40 11.232 0.168 1.11
7 17.80 17.621 0.179 1.18
8 15.00 15.429 -0.429 -2.83
9 14.20 14.567 -0.367 -1.54
10 13.50 13.145 0.355 1.49
11 11.74 12.085 -0.345 -1.45
12 17.54 17.207 0.333 1.40
13 14.15 14.325 -0.175 -0.74
14 13.65 13.487 0.163 0.68
15 13.90 13.937 -0.037 -0.12
16 13.80 13.937 -0.137 -0.44
17 14.00 13.937 0.063 0.20
18 14.10 13.937 0.063 0.52
19 14.10 13.937 0.063 0.20
20 13.85 13.937 -0.087 -0.28

4.6 Validation of the RSM Model

The significance test for the regression model
was done using the ANOVA table and the results
for the coating mass. The predicted model was
validated to test the fitness of the model for further
utilization. The predicted values matched with the
experimental data reasonably well (Table 3), which
indicated the good prediction accuracy and
generalization ability of the predicted model. The
higher coefficient values of multiple regression, R

(98.548%) and adjusted R? (97.241%) indicated the
fitness and adequacy of the model. Moreover, the
reduced model is obtained from table 5 and
according to P factor is as follows:

We = 13.9374 — 0.711QA + 2.5610QL
—0.419QF + 0.7091QL% — 0.3112Q4QL  (7)

5 Conclusions

This paper has presented a systematic and up to
date review of the fluidized bed coating method
and presentation of the applications of the top-
spray fluidized bed coating system. The effect of
the important variables in the coating process was
investigated. The RSM results showed that the
mass of the coating layer around the particles was
directly proportional to the liquid flow rate and
inversely related to the atomization and fluidization
air flow rates. The optimization of the physical
conditions for the operational variables enhanced
the coating mass in the fluidized bed coating
process. The optimized responses confirmed that
the optimum results for 18.614g coating mass were
obtained with 100(ml/min) liquid flow rate,
150(m%h) fluidization air flow rate and 5(L/min)
atomization air flow rate. The RSM design
revealed significant second order effects of the
coating mass. The validity of the model was
verified by fitting the values of the independent
variables into the regression model equation. The
nozzle liquid flow rate was demonstrated as having
greater influence than the other variables on the
coating mass. Thus, it appears that the flow rate of
the coating solution plays an important role in
determining the coating efficiency. In conclusion,
coating losses can be reduced drastically by the
selection of appropriate processing conditions.
Future researchcan focus on temperature
variations and the pressure drop along the bed.
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