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Abstract. Pellet coating is traditionally carried out using the Wurster coater. This study investigated the
feasibility of pellet coating in a newly developed coater built with a unique airflow system, the Supercell™
coater (GEA Pharma Systems, UK). A full factorial design study was carried out to evaluate the
influences of the spray rate of the coating dispersion, batch size of the pellet load, pellet size fraction
and plenum pressure of the fluidizing air on the color coating of pellets in the Supercell™ coater. Results
showed that pellets could be successfully coated using the Supercell™ coater. Higher plenum pressures
and lower spray rates were found to minimize pellet agglomeration during coating. Although coating
efficiencies were comparable amongst the different pellet size fractions, larger batch sizes of pellets were
coated with higher efficiencies. Process optimization was carried out for each pellet size fraction and a
large batch size (120 g) in combination with a high plenum pressure (1,500 mm WC) were deemed
optimal. Optimal spray rates differed according to pellet size fraction and a lower spray rate was required
for smaller pellets. Pellet flow patterns observed during coating were dependent on the pressure drop
across the fluidized load. A ‘swirling’ pellet flow pattern was generally observed at coating conditions
which led to optimal outcomes.

KEY WORDS: fluid bed; fluidization; pellet coating; pellet flow patterns; pressure drop; process
optimization; Supercell™ coater.

INTRODUCTION

In the pharmaceutical industry, multi-particulates such as
pellets are typically coated for the purpose of producing con-
trolled or sustained release dosage forms (1). Compared to
tablets, coated pellets offer more predictable drug release
patterns unaffected by the rates of gastric emptying. They also
reduce the risk of dose-dumping should there be defects on
the coats of some unit particulates (2).

Pellet coating is traditionally carried out using the Wurster
coater, a bottom-spray fluid bed coater (1,3). However, the
Wurster coater has been associated with problems of pellet
agglomeration during the coating process. This was partly at-
tributed to the dense flow of pellets within the central partition
column, where the close proximity of pellets with respect to one
another often results in extensive agglomeration (3,4). Unpre-
dictable airflow patterns in the partition gap, defined as the gap
between the base of the central partition column and the air
distribution plate, further exacerbated the problem of agglom-
eration (5). Therefore, the height of the partition gap needs to
be carefully selected in Wurster coating to ensure smooth pellet
flow patterns (6) and appropriate pellet flow rates (7).

The Supercell™ coater (GEA Pharma Systems, UK) is a
newly developed high-speed bottom-spray fluid bed coater
designed for the coating of articles, in particular tablets. Tab-
lets are continuously coated as multiple small batches in a
quasi-continuous manner. The Supercell™ tablet coating pro-
cess has been successfully optimized (8) and the Supercell™
coater was shown to be capable of coating tablets with a high
degree of uniformity and accuracy (9,10). However, the
Supercell™ coater has not been studied for the coating of
multi-particulates such as pellets. In contrast to the Wurster
coater, the airflow within the Supercell™ coater is engineered
with a unique airflow system which swirls the particles at high
velocity through the coating zone, thereby omitting the need
of a central partition column (5). The movement of particles in
the coating zone of the Supercell™ coater during a tablet
coating process is illustrated in Fig. 1. The ducts that encircle
the spray nozzle modify the atomizing air in a way that a low-
pressure upward swirling airflow pattern is created during
coating.

In a previous study (4), the use of a swirling airflow in a
bottom-spray fluid bed coater was shown to be able to impart
sufficient shear forces to the pellet load to break any tran-
siently formed liquid bridges which precedes agglomeration. It
was thus hypothesized that the Supercell™ coater, in view of
its unique swirling airflow pattern, may be able to reduce the
problem of pellet agglomeration via a similar mechanism. This
study was conducted to investigate the feasibility of pellet
coating using the Supercell™ coater. The major factors
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influencing the pellet coating process were evaluated and
process conditions were optimized for the production of qual-
ity pellet coats with low degree of agglomeration and high
coating efficiency.

MATERIALS AND METHODS

Study Design

The thermodynamic aspects of tablet coating were con-
sidered in the study design. The Supercell™ coater leverages
on airflow patterns and process parameters to ensure appro-
priate balance of the system’s thermodynamics. A 34 full
factorial design was carried out to study the effects of four
factors on the pellet coating process. Specifically, these factors
included the spray rate of the coating dispersion, batch size of
the pellet load, plenum pressure contributed by the fluidizing
air and size fraction of pellets. Each factor was varied at three
levels (Table I). Any thermodynamic imbalance would result
in differences in yield, coating efficiency and degree of
agglomeration. The atomizing air pressure and inlet air
temperature during the coating process were kept constant
at two bars and 80°C, respectively. Centre samples were
included for estimation of the experimental error, and were
triplicated for each pellet size fraction. A total of 90 coating
runs were carried out.

Preparation of Pellet Cores

Pellet cores were prepared via extrusion–spheronization
and comprised 65%, w/w lactose (Pharmatose 450M, DMV

International, Netherlands), 25%, w/w microcrystalline cellu-
lose (Avicel PH101, FMC BioPolymer, Ireland) and 10%, w/
w paracetamol (Wenzhou Pharm Factory, China). Three pro-
cessing conditions were employed for extrusion–spheroniza-
tion to obtain pellets of different size fractions. The three
process conditions employed are summarized in Table II. Accu-
rately weighed quantities of the individual materials amounting
to a total of 1 kg of powder mixture were first mixed. Wet
massing was then carried out (KM250, Kenwood Electronics,
UK) for 6 min by the addition of an appropriate amount of
water to the powdermixture. Thewetmass was then fed into the
extruder (E140, Aeromatic Fielder, UK) fitted with an extruder
screen of the appropriate aperture size. The extrudates formed
were subsequently loaded into the spheronizer (S320, Aero-
matic Fielder, UK) and spheronized for 7 min at a suitable tip
speed. The pellets produced were oven-dried overnight at 60°C
and equilibrated at 25°C/50%RH in a temperature- and humid-
ity-controlled room before coating.
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Fig. 1. Photo showing the equipment controls of the Supercell™ coater. Arrows indicate the direction from pellet loading to pellet collection.
Inset (reproduced from reference (5)): schematic diagram of the tablet coating process. Arrows indicate the direction of tablet movement

Table I. Factors Varied and the Quantitative Values of the Levels at
Which They Are Varied

Factors Low level
Intermediate

level
High
level

Pellet size fraction (mm) 1.00–1.40 1.40–2.00 2.00–2.80
Spray rate (mL/min) 4 6 8
Batch size (g) 40 80 120
Plenum pressure (mm WCa) 500 1,000 1,500
Approximate airflow rate (m3/h) 16.5 24.0 28.5

aMillimeters water column
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The dried pellets were subsequently passed through a
nest of sieves with aperture sizes ranging from 1.00 to
2.80 mm with the aid of an automated sieve shaker operating
at an amplitude of 1.0 for 5 min (VS1000, Retsch, Germany).
The three different size fractions of pellets employed for
subsequent coating were 1.00–1.40 mm, 1.40–2.00 mm and
2.00–2.80 mm.

Characterization of Pellet Cores

The size and shape of the pellet cores were evaluated by
image analysis. Images of the uncoated pellets were captured
using a stereomicroscope (Olympus SZ61, Olympus Corp.,
Japan) under 0.67× objective. The images were processed
using an image analysis software (Image-Pro Plus, MediaCy-
bernetics, USA) to determine the aspect ratio, minimum di-
ameter, maximum diameter, and mean diameter of the pellets.
Approximately 500 pellets were analyzed for each pellet size
fraction.

Table III shows the measured characteristics of the un-
coated pellet cores. The pellets produced were spherical with
aspect ratios ranging from 1.09 to 1.12. The 1.40–2.00 mm
pellet size fraction had the widest size distribution as
evidenced by a large relative standard deviation of the mean
pellet diameter.

Coating of Pellets

Color coating of the pellets was carried out using the
Supercell™ coater in accordance with the study design. The
coating dispersion comprised 9%, w/w Opadry Red
(03B15211, Colorcon Inc, China), a hypromellose-based for-
mulation, prepared in deionized water. Chlorpheniramine ma-
leate (Merck, Singapore) was also dissolved in the coating
dispersion to attain a concentration of 1%, w/w. After

completing the addition of all ingredients, the coating disper-
sion was stirred (SS10, Stuart Scientific, UK) for 30 min prior
to coating and agitation was maintained throughout the coat-
ing process. Pellets were coated to achieve a theoretical
weight gain of 3%, w/w.

Observation of Pellet Flow Patterns

The flow patterns of pellets during the coating process
were captured using a video recorder (GZ-MG335, JVC Lim-
ited, Japan).

Determination of Yield

At the end of the coating process, the pellets were equil-
ibrated at 25°C/50% RH in a temperature- and humidity-
controlled room for at least 24 h before measurements were
made. The yield (Yd) for each coating run was subsequently
calculated using the following equation:

Yd %ð Þ ¼ Total weight of pellets collected after coating
Batch size of loadþWeight gain from coating

� 100

ð1Þ

Determination of Degree of Agglomeration

After coating, pellets from the 1.00–1.40 mm, 1.40–
2.00 mm and 2.00–2.80 mm size fractions were passed through
sieves of aperture sizes 1.70 mm, 2.80 mm and 3.35 mm,
respectively. The oversized fractions of coated pellets were
classified as agglomerates and weighed to calculate the degree
of agglomeration (Agg) according to the following equation:

Agg %ð Þ ¼ Weight of pellets retained on the sieve
Total weight of pellets collected after coating

� 100

ð2Þ

Determination of Pellet Loss

An overview of the equipment controls in Supercell™
coating is shown in Fig. 1. The star valve found at the top of
the coating chamber had a perforated wall and an opening
with flexible flaps. At the end of each coating run, the dip tube

Table II. Conditions Employed for Extrusion–Spheronization

Extrusion–spheronization

Process conditions

1 2 3

Water content of wet mass (%, w/w) 41.0 42.5 45.0
Extruder screen aperture size (mm) 1.5 3.0 3.6
Spheronizer tip speed (m/min) 469.12 423.90 334.41

Table III. Size and Shape Characteristics of Uncoated Pellet Cores

Pellet characteristics

Pellet size fraction (mm)

1.00–1.40 1.40–2.00 2.00–2.80

Aspect ratio 1.09 (±0.07) 1.10 (±0.09) 1.12 (±0.10)
Min. diameter (mm) 1.050 (±0.110) 1.363 (±0.227) 1.985 (±0.194)
Max. diameter (mm) 1.191 (±0.149) 1.567 (±0.304) 2.329 (±0.275)
Mean diameter (mm) 1.118 (±0.124) 1.460 (±0.257) 2.146 (±0.214)
RSD of mean diameter (%) 11.09 17.60 9.97
Total surface area in 200 mg sample (mm2) – Smaller pellets, 606.14 (±0.29) –

Larger pellets, 338.20 (±0.17)

In parenthesis, ± standard deviation
RSD relative standard deviation
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was lowered through the star valve to extract the coated
pellets. The pellets would then pass through an exhaust strain-
er to filter the fines into the exhaust, before exiting via the
down tube.

As the Supercell™ coater was originally developed for
the coating of larger articles such as tablets; modifications
were required to prevent the escape of pellets via the exhaust
by fitting a woven mesh with aperture size smaller than
1.00 mm over the wall of the star valve and the exhaust
strainer. During coating, a small proportion of pellets would
escape to the exhaust via the gaps between the flexible flaps of
the star valve opening. The latter could not be covered as this
would obstruct the collection of the coated pellets via the dip
tube. Small amounts of pellets were also observed to bypass
the exhaust strainer and were lost to the exhaust.

All pellets collected after coating were examined visually.
Uncoated or partially coated pellets were distinguishable from
those well coated. Since the former was undesirable, it was
considered as pellet loss. The proportion of pellet loss (PL)
was calculated as follows:

PL %ð Þ ¼ Weight of uncoated=partially coated pellets
Total weight of pellets collected after coating

� 100

ð3Þ

Determination of Coating Efficiency

The amount of chlorpheniramine maleate (CM) present
in the pellet coats provided an indication of the amount of
coating material deposited on the pellets. CM deposited was
quantified using high-performance liquid chromatography
(LC-2010C, Shimadzu, Japan).

Accurately weighed 200 mg of pellets collected after
coating were immersed in 10 mL of ultrapure water (Direct-
Q 3, Millipore Corp, USA) and sonicated (LC60H, Fisher
Scientific, Singapore) for 1 min to dissolve and extract the
drug. The resulting suspension was centrifuged (2–5, Sar-
torius, Germany) for 5 min at 4,000 rpm, and the super-
natant was filtered through a 0.45 μm membrane filter
(RC, Sartorius, Germany). For chromatographic analysis,
a 100×4.6 mm reversed-phase C-18 column (BDS Hyper-
sil, ThermoScientific, USA) was employed. The mobile
phase, which consisted of methanol 10%, v/v in water,
was maintained at a flow rate of 0.4 mL/min. The column
oven was maintained at 40°C throughout the analysis and
CM was detected at 264 nm. The retention time of CM
was found to be approximately 2.01 min. Measurements
were triplicated for each pellet batch. The coating effi-
ciency (Ec) was estimated according to the following
equation:

Ec %ð Þ ¼ Amount of CM present in 200 mg sample
Theoretical amount of CM in the 200 mg sample

� 100

ð4Þ
For further analysis, the 1.40–2.00 mm pellet size fraction

was separated into two sub-fractions consisting of smaller
(1.40–1.70 mm) and larger (1.70–2.00 mm) pellets respectively
to analyze the variation in drug deposition in a pellet size

fraction of relatively wide size distribution. Table III shows
the mean total surface area of the smaller and larger pellets in
a 200 mg sample of pellets. Coating efficiency was expressed
by the amount of CM deposited per unit surface area of pellet
(DSA) for both the smaller pellets (DSAsmall) and the larger
pellets (DSAlarge).

Statistical Analysis

A univariate general linear model (SPSS 16.0, IBM Corp,
USA) was used to analyze the full factorial design at a 5%
level of significance. Plots of the main effects were used to
describe the change in response brought about by a change in
the level of a factor. Independent-sample t test was used when
two means were compared and one-way analysis of variance
with Tukey’s post hoc test was used when more than two
means were compared.

RESULTS AND DISCUSSION

Factors Influencing Yield

Yd provides an indication of the amount of coating ma-
terial deposited onto the pellets. Pellet size was found to exert
the greatest influence on Yd, where an increase in pellet size
led to an increase in Yd (Fig. 2). This suggested that the coater
was more suitable for coating larger pellets or articles. How-
ever, coating efficiencies as determined by drug content de-
posited revealed a different trend (Section “Factors
Influencing Coating Efficiency”). Small amounts of pellets
were observed to bypass the star valve and the exhaust strain-
er. The lower Yd value for smaller pellets was attributed to the
greater loss of smaller pellets to the exhaust. The larger pellets
were less likely to bypass the exhaust strainer, leading to fewer
pellet losses and higher Yd after coating.

Factors Influencing Degree of Agglomeration

Pellet agglomeration is brought about by the formation of
stable bonds between discrete pellets. Shortly after their tran-
sit through the spray zone, the pellets may collide with one
another, leading to the formation of transient liquid bridges at
their points of contact. If the liquid bridges are strong enough
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to resist the shearing forces of the fluidizing air, subsequent
drying may cause the formation of solid bridges between
pellets resulting in the formation of agglomerates (6).

Analysis of the factorial design showed that plenum pres-
sure exerted the greatest influence on Agg. For all three pellet
size fractions, an increase in plenum pressure from 500 to
1,500 mm WC significantly (p<0.05) reduced Agg (Fig. 3a).
At a plenum pressure less than 1,000 mm WC, the fluidizing
air was unable to impart sufficient shear forces to break the
liquid bridges formed between pellets. Furthermore, the dry-
ing capability of the air was diminished at lower pressure, with
reduced airflow and reduced rate of evaporation. The ther-
modynamic imbalance led to prolonged sticky phase with
more gradual drying of the coating material newly deposited
on the pellet surfaces and brought about greater extents of
agglomeration. When plenum pressure was increased beyond
1,000 mmWC, Agg decreased to negligible levels for all pellet
size fractions. Spray rate was also found to significantly influ-
ence Agg (p<0.05) for all three pellet size fractions. As
expected, Agg was higher with an increase in spray rate
(Fig. 3b). However, batch size was found not to significantly
influence Agg (p=0.12).

In addition to process parameters, the pellet size fraction
used for coating also exerted a significant effect onAgg (p<0.05).
The highest Agg was observed in the smallest size fraction of
pellets (1.00–1.40 mm) (Fig. 3c). This was probably attributed to
their larger specific surface area which increased the likelihood of
pellet–pellet collisions (11). The Agg values of the 1.40–2.00 mm
and 2.00–2.80mmpellet size fractions were however comparable.

Factors Influencing the Proportion of Pellet Loss

The PL value ranged from 0 to 12.35% for all the coating
runs (data not shown). Analysis of the factorial design showed
that both batch size and plenum pressure significantly influ-
enced PL (p<0.05). For all pellet size fractions, an increase in
batch size and decrease in plenum pressure led to a decrease
in PL (Fig. 4a and b). The loss of pellets through the star valve
situated at the top of the coating chamber was affected not
only by the physical size of the pellets but also the extent to
which the pellets were fluidized. When the batch size was
increased or the plenum pressure was decreased, the specific
pellet fluidization energy decreased. Under these circumstan-
ces, the upper height of pellets being fluidized was reduced,
thus less could escape through the star valve. As shown in
Fig. 4c, PL increased significantly (p<0.05) when smaller pel-
lets were used as they were more liable to slip through the
gaps between the flexible flaps of the star valve opening.
Spray rate did not have a significant effect on PL (p=0.30).
This was probably due to its minimal influence on the extent
of pellet fluidization.

Factors Influencing Coating Efficiency

Coating efficiency had been inferred from drug content as
it reflected the amount of coating material deposited (12).
From the factorial design analysis, batch size was found to
exert the greatest influence on the coating efficiencies of all
pellet size fractions (p<0.05). Ec was found to increase with
increasing batch size (Fig. 5a). The increase in batch size led to
a higher pellet concentration within the spray zone at any one

time during coating. This increased the surface area available
for coating material deposition and more importantly, en-
hanced the likelihood of contact between the atomized spray
droplets and the pellets. Based on visual observations during
the coating, the loss of coating material to the wall of the
coating chamber was indeed more apparent when a small
batch size (40 g) of pellets was coated. In addition, material
loss arising from the spray-drying effect was likely to be higher
when a smaller batch was coated.

Spray rate significantly affected the coating efficiency of
the smallest size fraction (1.00–1.40 mm) of pellets (p<0.05),
but exerted minimal influence on the coating efficiencies of
the larger 1.40–2.00 mm (p=0.50) and 2.00–2.80 mm (p=0.59)
pellet size fractions. For the 1.00–1.40 mm pellet size fraction,
Ec decreased with an increase in spray rate (Fig. 5b). The
increased spray rate led to over-wetting of the pellet surfaces,
and this brought about coating material loss to the wall of the
coating chamber when pellet–wall collisions occurred. The
smallest pellet size fraction was most affected in view of their
low pellet weight, which enabled higher fluidization and the
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increased frequency of pellet–wall collisions. Plenum pressure
did not exert a significant influence on the coating efficiencies
(p>0.05) of all pellet size fractions.

An independent-samples t test was performed to investi-
gate the effect of pellet size on coating efficiency by comparing
the Ec between the 1.00–1.40 mm and 2.00–2.80 mm pellet size
fractions. The 1.00–1.40 mm pellet size fraction had a mean Ec

of 84.9±2.0% whereas the 2.00–2.80 mm pellet size fraction
had a mean Ec of 85.1±1.6%. There was no significant differ-
ence between the Ec of the two pellet size fractions (p=0.92).
This indicates that the drug content and hence, the amount of
the coating material deposited was not markedly affected by
the pellet size used in the Supercell™ coater. This was in
contrast to the trend in coating efficiency based on Yd, where
the larger pellets were shown to result in higher coating effi-
ciency based on the approximation of coating weight gain
(Fig. 2). The evaluation of drug content is a more accurate
method of determining the coating efficiency of the coating
process. The use of weight measurements is typically adequate
for the estimation of coating efficiency. However, any loss of
materials during the process will result in the underestimation

of the coating efficiency. It should be noted that it is possible
for the apparent Ec to increase when there is less pellet mass
due to pellet loss during coating. However, there may also be
increased losses due to spray-drying effects. The amount of
material deposited on the pellets will eventually be dependent
on the process conditions employed during coating

Further study was carried out to investigate the influence
of pellet size on coating efficiency within the same batch of
pellets. The coated 1.40–2.00 mm size fraction of pellets was
divided into two fractions, comprising smaller and larger pel-
lets respectively. This was carried out to investigate the impact
of wide size distribution on drug deposition. Within the same
size fraction, the mean DSA for the larger (DSAlarge) and
smaller (DSAsmall) pellets were 0.98±0.02 μg/mm2 and 1.41±
0.03 μg/mm2, respectively. Independent-samples t test showed
that DSAsmall was significantly lower than DSAlarge (p<0.05),
indicating that the smaller pellets received relatively less
coating material deposition per unit surface area compared
to their larger counterparts. This phenomenon has been
reported in previous studies involving the Wurster coating of
pellets with a wide size distribution (13,14). It was believed
that the large disparities in pellet sizes led to varying degree of
fluidization heights achieved during coating and also
corresponded to variations in pellet coating cycle times. In
addition, pellets of different sizes exhibit dissimilar velocities
in their passage through the coating zone. This could also have
resulted in the smaller pellets receiving less coating material
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(13). These explanations accounted for much of the
differences in DSA of the different sized pellets coated in
the Supercell™ coater. However, it should be noted that
since the smaller pellets have a larger overall surface area
for the same pellet weight, the total amount of drug
deposited (595.6±67.4 μg) was found to be significantly
higher than that of larger pellets (478.5±49.7 μg). A uniform
pellet size distribution is important to ensure uniform drug
deposition in Supercell™ coating. This issue is common in all
types of fluidized bed processes.

Optimization of Pellet Coating

The pellet coating process was optimized (Minitab 15.1.1.0,
Minitab Inc., USA) for two of the responses, Agg and coating
efficiency. These two responses were selected as they were
direct measures of product quality and process efficiency. Opti-
mization was carried out separately for each pellet size fraction,
resulting in three sets of optimized conditions.

The coating efficiencies of the pellets were expressed in
terms of Ec for the 1.00–1.40 mm and 2.00–2.80 mm pellet size
fractions and DSA for the 1.40–2.00 mm pellet size fraction.
Prior to analysis, the Agg data obtained from all pellet size
fractions were subjected to square-root transformation to ob-
tain SQRT Agg. Response surface methodology was used to
fit a quadratic model for each response which included all
linear, squared and two-way interaction terms. It was

important to recognize that the effect of changing a certain
process parameter was always dependent on the relative levels
of other parameters. Hence, responses were not easily pre-
dicted. Therefore, response surface methodology is an impor-
tant tool to ensure that all variables were taken into
consideration when considering the ideal settings for produc-
tion. Table IV shows the R2 values of the quadratic models
fitted for each response. The models were checked for
significance (p<0.05) and a non-significant lack-of-fit (p>
0.05). Response optimizer settings were applied to minimize
SQRT Agg and to maximize Ec or DSA. All responses were
assigned the same weight and importance.

Predicted values were generated for each response
according to the fitted models. Individual desirability (d) val-
ues were computed based on how close the predicted values
approached the maximally desired response values. A com-
posite desirability (D) value was calculated from all the d
values according to their assigned weights and importance.
The optimized condition would have the highest D value.
The optimization plots generated for the different pellet size
fractions and their respective D values are shown in Fig. 6.
The optimized conditions are given in brackets.

For all the three pellet size fractions, a large batch size of
about 120 g and a high plenum pressure of about 1,500 mm
WC were deemed optimal for pellet coating. Based on the
results discussed earlier, a large batch size was required to
maximize the drug content whereas a high plenum pressure
was needed to minimize agglomeration. On the other hand,
the optimal spray rate predicted for the 1.00–1.40 mm pellet
size fraction was different from the other two pellet size frac-
tions. The smaller pellets exhibited a greater tendency to
agglomerate and were therefore less able to withstand high
spray rates. Furthermore, as previously discussed, drug con-
tent was significantly decreased by an increase in spray rate
only within the 1.00–1.40 mm pellet size fraction.

Validation of Optimized Conditions

All three optimized conditions were identical or similar to
the conditions already conducted within the factorial design.
Therefore, separate validation runs were not carried out. In-
stead, the predicted responses of the optimized conditions

Table IV. R2 Values of the Quadratic Models Fitted for Each
Response

Pellet size
fraction (mm) Response

R2 value of quadratic
model (%)

1.00–1.40 SQRTAgg 84
Ec 62

1.40–2.00 SQRTAgg 87
DSAsmall 62
DSAlarge 57

2.00–2.80 SQRTAgg 67
Ec 76

Pellet size fractions

1.00 – 1.40 mm 1.40 – 2.00 mm 2.00 – 2.80 mm

Fig. 6. Optimization plots for the respective pellet size fractions. Optimized conditions are shown in brackets while the predicted values of each
response at the optimized condition are indicated by the y-values. (D composite desirability, d individual desirability, SR spray rate, BS batch
size, PP plenum pressure, SQRT Agg square-root of the degree of agglomeration, Ec coating efficiency, DSA drug content per unit surface)
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were compared with the experimental responses previously
obtained. For the 1.00–1.40 mm pellet size fraction, responses
from the condition of spray rate 4 mL/min, batch size 120 g
and plenum pressure 1,500 mm WC were used for compari-
son. For the 1.40–2.00 mm and 2.00–2.80 mm pellet size frac-
tions, responses from the condition of spray rate 8 mL/min,
batch size 120 g and plenum pressure 1,500 mm WC were
used. Table V shows the comparison of predicted responses
with experimental responses. Absolute deviation values were
calculated by taking the difference between predicted and
experimental responses. Deviation values were normalized
against mean experimental responses of all coating runs within
the particular pellet size fraction and expressed as a percent-
age. In order to statistically determine the prediction error, it
will be necessary to validate the optimized conditions by
performing more repeats.

The largest normalized deviation observed was 9.19%.
Deviations of predicted responses from experimental
responses could be attributed to poor fit of some of the models
applied for prediction where R2 values were less than 70%
(Table IV). The inadequate model fit could arise from other
factors which were not considered within the factorial design.
For instance, the change in pellet flow patterns with different
process conditions and some premature escape of pellets from
the coating chamber might have contributed to errors in the
prediction model. Despite the deviations observed, the
applied models provided reasonable prediction of the
expected responses.

Pellet Flow Patterns

During tablet coating using the Supercell™ coater
(Fig. 1a), air jets at the periphery of the spray nozzle first
direct the tablets towards the nozzle where they are exposed
to the spray of coating dispersion. The partially coated tablets
are then pneumatically lifted upwards and away from the
spray zone by the upward swirling airflow following which
they descend along the periphery of the coating chamber
before repeating the cycle again (15). Interestingly, the pellet
flow patterns observed in this study were distinctively differ-
ent from that described for tablet coating.

In the presence of fluidizing air, the pellets achieve its
terminal velocity (Vt) when the downward force of gravity
(Fg) is balanced by the upward force of drag (Fd) and buoy-
ancy (Fb). In a typical fluid bed system, the air flowing through
a bed of particles exerts a drag force upon the particles result-
ing in a pressure drop (△P) across the bed. △P is magnified
when the approach air velocity is increased (16). In addition,

Fd and Fb will also increase, causing the pellet bed to expand
and bed voidage to increase (17). The reduced resistance to
the air flow will help to set the pellets in motion. The mathe-
matical equations representing the relationships among the
forces described herein are listed below:

Fg ¼ Fb þ Fd ð5Þ

Fg ¼ p 6=ð Þd3ρsg ð6Þ

Fb ¼ p 6=ð Þd3ρg ð7Þ

Fd ¼ Cdρ
1
2
s V2

t A ð8Þ

V2
t ¼ 4gd 3Cd=ð Þ ρs � ρð Þ ρ=½ � ð9Þ

ΔP ¼ g m ρsSb ρs � ρð Þ=½ � ð10Þ
where d is the diameter of the spherical object, g is gravita-
tional acceleration, ρs is the density of pellets, ρ is the density
of air, Cd is the drag coefficient (0.47 for spheres), Vt is the
terminal velocity, A is the projected cross-sectional area of the
sphere (πd2/4), m is the pellet mass and Sb is the cross-
sectional area of the pellet bed.

The Vt of the pellet changes due to the properties of the
fluidizing air, the mass of the pellet and its projected cross-
sectional surface area. Therefore, for larger pellets with great-
er surface area and larger mass, Vt is larger. Consequently, the
larger pellets will require a larger △P to achieve effective
fluidization. In addition, an overall denser and heavier pellet
bed will also require a larger △P for fluidization. Three types
of fluidization configurations are commonly reported (18,19).
In the first configuration, the approach velocity is smaller than
the minimum fluidization velocity and a fixed bed is observed.
In the second configuration, the approach velocity is interme-
diate between the minimum fluidization velocity and Vt. The

Table V. Comparison of Predicted Responses with Experimental Responses

Pellet size fraction (mm) Response measured Predicted response Experimental response Absolute deviation Normalized deviation (%)

1.00–1.40 Agg (%) 0.16 0.04 +0.12 +2.11
Ec (%) 97.27 103.57 −6.30 −7.42

1.40–2.00 Agg (%) 0.02 0.00 +0.02 +0.63
DSAsmall (μg/mm2) 1.12 1.03 +0.09 +9.19
DSAlarge (μg/mm2) 1.53 1.48 +0.05 +3.56

2.00–2.80 Agg (%) 0.03 0.00 +0.03 +0.93
Ec (%) 96.51 90.65 +5.86 +6.88

Fig. 7. Schematic diagrams showing a ‘central spout’, b ‘swirling’ and
c ‘cyclical V-shaped’ pellet flow patterns. Arrows indicate general
direction of pellet movement

b
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‘Central spout’ pellet flow pattern – Low extent of pellet fluidization/ P

‘Swirling’ pellet flow pattern – Moderate extent of pellet fluidization/ P

Pellets drawn towards the spray 
nozzle from the peripheral bed and 

propelled upwards as a central spout

Pellets returning to the 
peripheral bed

‘Cyclical V-shaped’ pellet flow pattern – High extent of pellet fluidization/ P

Pellet flow pattern - side view

Pellets propelled towards the 
back of the coating chamber 

and diverge 

Pellets diverging into two 
cyclical flows                                                                   

Pellets converging at the front 
of the coating chamber

a

b

c

Pellets propelled towards the
back of the coating chamber 

Pellets propelled towards the
left side of coating chamber 

Pellets propelled towards the
right side of the coating chamber 
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upward forces are sufficient to support the weight of the
pellets and a stable fluidized bed is obtained. In the last
configuration, the approach velocity is much greater than Vt

and a pneumatically mobilized bed is obtained with entrain-
ment of pellets in the exhausting fluidized air.

When pellet coating was performed in the Supercell™
coater, different pellet flow patterns were observed as a func-
tion of the plenum pressure, batch size and size of pellets
coated. These factors influenced △P and Vt which can affect
the fluidization tendencies and patterns of the pellets. At
lower extents of pellet fluidization/△P (i.e., a low plenum
pressure and/or a large batch size), pellet flow generally as-
sumed a ‘central spout’ flow pattern. This type of pellet flow
pattern is illustrated in Fig. 7a. In this study, this pellet flow
pattern was apparent only when the pellets of size fraction
2.00–2.80 mm were coated. This fluidization configuration was
characterized by the persistence of a slow, downward-flowing
pellet bed at the periphery of the coating chamber and was
similar to the pattern of fluidization seen in the Wurster
coating process which was reported to resemble a spouted
bed (6). Pellets were drawn from the peripheral pellet bed
towards the centrally located spray nozzle and propelled up-
wards to form a central spout before returning to the periph-
eral bed. As the pellet bed at the periphery of the chamber
was minimally fluidized, higher Agg was observed. Increased
pellet contact within this bed prompted the formation of
agglomerates. This was similar to the ‘downbed’ region in
the Wurster coating process where agglomerative tendencies
are known to be high (7).

It was interesting to note that moderate extents of pellet
fluidization/△P (i.e., a moderate plenum pressure with a mod-
erate batch size) were associated with a ‘swirling’ flow pattern.
This was in contrast to the bubbling or boiling bed typically
seen in fluid bed processes. In the Supercell™ coater, all the
pellets were propelled towards the wall of the coating cham-
ber in one general direction at any one point in time. In the
next instant, the pellets were propelled towards another direc-
tion adjacent to the first. This continued cyclically without
intermissions or breaks. When the Supercell™ coater was
viewed top-down, the pellet load appeared to be moving in a
clockwise ‘swirling’ pattern. This ‘swirling’ pellet flow pattern,
as illustrated in Fig. 7b, is a direct result of the air distribution
plate which was designed such that the ducts encircling the
spray nozzle (Fig. 1) could channel the air at an angle and
modify its flow pattern. This swirling airflow imparted extra
momentum to the pellets being coated and minimized pellet
agglomeration.

At high extents of pellet fluidization/△P (i.e., a high
plenum pressure and/or a small batch size), a ‘cyclical V-
shaped’ flow pattern was observed with a prevalent central
channel as pellets were pushed away from the central swirling
air column. Here, the pellets were rapidly propelled towards
the back of the coating chamber in one general direction with
subsequent divergence towards the left and the right. The
pellets then cycled back towards the front of the coating
chamber where they converged. The two rapid cyclical flows
which repeatedly diverged and converged formed a ‘V-
shaped’ appearance. The ‘cyclical V-shaped’ pellet flow pat-
tern is illustrated in Fig. 7c. This configuration led to better
drying which would reduce the extent of pellet agglomeration
but at the same time, encourage the premature escape of

pellets from the coating chamber. The greater extents of flu-
idization also led to greater spray-drying and loss of coating
material.

Interestingly, the optimized conditions for the three dif-
ferent pellet size fractions employed in this study corre-
sponded to the ‘swirling’ pellet flow pattern. The ‘swirling’
pellet flow pattern was found to result in good outcomes for
both Agg and Ec. In contrast, the ‘central spout’ pellet flow
pattern resulted in a higher Agg while the ‘cyclical V-shaped’
pellet flow pattern resulted in greater material losses.

CONCLUSION

It is feasible to coat pellets using the Supercell™ coater.
Through a systematic factorial design analysis, a better under-
standing and appreciation of the effects of equipment and
material-related factors on the pellet coating process in the
new coater was achieved. The pellet coating process was
further optimized for three different size fractions of pellets
and high coating efficiencies coupled with low degrees of
pellet agglomeration were attained. Depending on the coating
conditions employed, different pellet flow patterns were ap-
parent and this led to variations in process efficiency and
product quality. Amongst the different flow patterns ob-
served, a ‘swirling’ pellet flow pattern generally brought about
improved product quality.

Despite the promise shown by the Supercell™ coater for
pellet coating, the current design of the coater will need to
undergo certain design modifications in order to more effec-
tively contain the pellets during the coating process. This is to
prevent the premature escape of small pellets from the coating
chamber and their subsequent loss in the exhaust which will
adversely affect product quality and yield. Additionally, future
studies can focus on extending the findings of this study to the
coating of pellets for sustained- or controlled-release
applications.
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