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Abstract

troubleshooting.

The oral route of delivery is the most preferred route for administering most of the drugs. Pellets have gained
importance since they offer numerous advantages like decreased dose dumping, improved patient compliance
since dosing frequency is reduced, and ease of administering multiple chemically incompatible drugs immediately
without the possibility of them interacting with each other. The critical variables related to process and equipment
are identified and what impact they have on the quality of pellets formed is discussed. The position of the spray
nozzle also affects the pellets and their yield. A complete guideline has been drawn which makes the process of pel-
letization using the Wurster method easier. The process variables affecting the pelletization process include inlet
and product temperature, relative humidity, batch size; spray rate, and atomization air pressure and the equipment
variables include column height, air distribution plate, a type of filter, and shaking interval. All these variables have

a low, medium, or high impact on the process and they all together contribute to the quality of pellets formed. This
review article focuses on critical process and equipment variables affecting the process of pelletization and the qual-
ity of pellets formed when using the Wurster equipment. The main objective is to review critical variables affecting
the layering method of palletization and to sketch some basic problems encountered during pelletization and their
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Background

Because of advantages such as ease of administration and
improved patient compliance, orally delivered medica-
tions are chosen over other dosage forms [1-3]. Paren-
terals do not offer patient compliance since it is invasive,
therefore painful [4]. Oral dosage forms can further be
categorized into single-unit dosage forms and multi-
ple-unit dosage forms [5]. However, single-unit dosage
forms possess more risk of dose dumping [6]. The advan-
tages of multi-unit dose forms over other dosage forms
are numerous. Better bioavailability, ease of coating,
the ability to administer two incompatible medications
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simultaneously, a reduced dose dumping, and better dis-
persion are among the benefits [7].

Pelletization is a process of agglomeration that creates
fine, free-flowing, semi-spherical units from fine pow-
ders or granules of bulk drugs and excipients, and it is the
most suited method for multi-unit dosage forms where
small particles, fine powders, and excipients accumu-
late to form smaller spheres of approximately 0.5mm-
1.5mm [8]. The different techniques for pelletization are
spray concealing [9], drug layering [10], cryopelletization
[11], freeze pelletization [12], extrusion spheronization
[13, 14], etc. Pellets are widely chosen for the oral route
of administration in the form of tablets or capsules [15].
The layering method of pelletization is a process that is
used in many industries to create pellets. It is a popu-
lar method for creating pellets for a variety of reasons,
including its ability to produce high-quality pellets and
the cost-efficiency it can bring to the production process.
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The Wurster process is used for precision application of a
film coating onto particulate materials such as powders,
crystals, or granules, and other solid ingredients with
diameters ranging from 30 pum to several centimeters;
this process helps in the formation of high-quality and
uniform film coats [16]. The binder helps in the formation
of functional layers on the core spheres until the desired
size is achieved. In industry, solution/suspension layering
using the Wurster process is widely accepted since it is
a continuous process with minimal manual interruption
and more reproducibility [17]. However, to create pellets
using the layering method, there are a number of criti-
cal variables that need to be taken into account. In this
article, the Wurster method of layering has been explored
and some of the most important variables that need to be
considered when using this method to create pellets are
looked at. Through this discussion, how these variables
affect the quality and cost-efficiency of pellets created
using the Wurster layering method will be explained. By
the end of the article, a better understanding of these var-
iables and how they impact the process of creating pellets
will be achieved.

Waurster technology—an overview

The Wurster processor is most commonly used for coat-
ing particles with sizes more than 100 microns [18]. In
this process, the coating is done inside a hollow cylin-
drical chamber where the pellets move inside it and are
fluidized because of high air velocity [19]. The spray gun
helps in the coating of pellets and hot air helps in the
simultaneous drying of the pellets that prevents agglom-
eration and allows uniform coating [20]. The features that
make Wurster coater different from a fluid bed proces-
sor are the orifice plate (air distribution plate) and the
cylindrical column [21, 22]. The movement of particles
is well-organized to ensure a uniform coating of pellets;
a high velocity of air near the nozzle aids in conveying
the particles to the expansion chamber, where the veloc-
ity is lower, allowing the particles to fall back [23]. Here,
the bubbling of particles is ensured by the air which flows
through the periphery of the orifice plate. When the par-
ticles fall back, the high velocity of air creates suction due
to which the particles fluidize again and this cycle contin-
ues until the entire coating is completed [24].

The top spray coater, bottom spray coater, and tan-
gential spray coater are the three variations of Wurster
equipment based on the position of the spray nozzle
[25-27]. It is not only used for coating pellets but also
for drying and granulation. In this, the pellets are fluid-
ized and the coating solution is atomized with the help of
an atomizer and are sprayed onto the pellets followed by
drying [28, 29].
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Powder granulation, taste masking, and protective
coatings are all achieved with a top spray coater [32, 33].
The coating solution is sprayed against the airstream in
this approach. As the particles move upwards, drying
occurs [34].

The bottom spray coater is suitable for suspension coat-
ing of pellets, especially for control release substances
[35]. An advantage offered by this is a complete coating
of the surface by using less quantity of coating solution.
The coating solution is sprayed from the bottom, and
the pellets are fluidized with the force of heated air [36].
Once fluidized, they fall back on the plate and are sucked
into the column, where the nozzle that will coat the pel-
lets lies. The pellets again fall outside where the drying
occurs [37].

A tangential spray coater is similar to a bottom spray
coater but differs in having a motor driver rotor disc and
is ideally used for pellet powder coating. The air passage
allows the pellet placed on the turntables to roll mean-
while the coating solution is sprayed onto them. The roll-
ing motion helps in providing a separation force, which
prevents agglomeration [38, 39].

Variables involved in the coating of pellets using Wurster
equipment: Process variables, equipment variables, and
material variables are the three variables that together
determine the quality of the pellets formed [17, 40]. Devi-
ating from the optimal variables affects the final pellets;
therefore, it is quite necessary to understand what impact
each variable has.

Process variables

Process variables are an important factor when it comes
to the layering method of pelletization. This method
involves adding pellets one layer at a time, which requires
precise process control in order for the pellets to achieve
the desired size and shape. This process is facilitated by
the use of a Wurster system, which is a specialized piece
of equipment designed to disperse particles into layers. It
is important to consider the different variables that come
into play when setting up the Wurster system in order to
ensure that the pellets are of the highest quality possible.

Inlet and product temperature and relative humidity

The temperature of the incoming air is a critical param-
eter to control because it affects the quality of the coat-
ings generated. Spray drying occurs at high temperatures,
whereas agglomeration occurs at low temperatures [41].
The optimum temperature allows the evaporation of
the solvent gradually enough to permit for proper spray
droplet spreading and polymer particle agglomerates,
but rapidly enough to prevent agglomeration and drug
migration into the liquid layer, resulting in uniformly
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coated pellets with smooth spherical surface [42]. When
the air temperature is elevated, sprayed droplets dry
quickly and do not agglomerate when impinged on the
core particles. This results in rough, porous coats that
lack the controlled drug-release properties that a func-
tional coat requires (Figs. 1, 2, 3, 4, 5 and 6).

Due to high temperatures, atomized droplets may spray
dry before reaching the core, resulting in coating mate-
rial loss [18]. Spray-dried coating materials may become
embedded in the film coatings, interrupting the film’s
continuity. However, when the temperature is too low,
the drug takes longer to travel into the damp coat layers
and evaporate. If the temperature is below the minimum
film formation temperature, aggregation will not occur,
resulting in distortion and porous films [43]. However,
the temperature differs depending on the coating mate-
rial [44] (Tables 1, 2, 3 and 4).

There are two types of coating solutions: aqueous and
organic coating solutions, and the nature of the coating
solution depends on the solubility of the materials to
be added. A lower product temperature is required for
organic coating because organic solvents evaporate at
lower temperatures whereas aqueous solvent demands
a higher product temperature [45]. Aqueous solvents do
not easily evaporate as the organic solvent does, there-
fore there are water bridges formed between the pellets
that lead to the formation of agglomerates, and hence
high product temperature and low humidity are required.
However, it should also be noted that the product tem-
perature should always be higher than the minimum
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film-forming temperature of the polymer used in the
solution/dispersion to produce continuous films [46].
Whenever the coating is aqueous, curing is required to
ensure complete film formation and the airflow required
is higher to ensure sufficient drying [47]. Whereas in
the case of organic coating, the viscosity of the solution
increases, and a gel-like phase is formed [48] and drying
occurs at a comparatively lower temperature and bub-
bling type fluidization is required to reduce the develop-
ment of static charges formed and to minimize attrition
between the particles [49]. Lower moisture content leads
to better drying even when the temperature is low, but
it causes static charges between the particles that make
them repel and move to a container’s sides or stick to the
column [50]. A higher moisture content leads to a drop in
product temperature that causes condensation of water
[51].

Batch size and spray rate

The batch size should be determined based on the capac-
ity of the equipment in use. To determine the batch
size, volume and bulk density need to be calculated. To
achieve batch-to-batch homogeneity, batch size should
be kept within the recommended occupancy. The batch
size should be almost 20-25% of the working volume of
the equipment [52]. This ensures adequate coating and
drying of pellets with minimum losses [41]. If the bed
load is more, it will require more fluidization pressure
and superficial velocity. However, higher velocity leads to
the formation of static charges. If the bed load is less, the

Pellets -

Container

Spout
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Two Fluid

Draft tube

Spray Nozzle

(Wurster Insert)

Dished air-
distribution plate

Fluidising Air

Fig. 1 Wurster coater-schematic representation [17]
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Fig. 2 Steps to be followed during the process of pelletization using Wurster equipment

Spray drying therefore non-
uniform and discontinuous coats

Product Temperature
low high
Doublets
Triplets
Multiplets

Fig. 3 Effect of product temperature on pellets [41]

fluidization pressure required is less [53]. The spray rate
should be low when the batch size is less because a larger
number of core pellets are not present and an increase in
spray rate leads to spray material wastage since it sticks

on the walls of the column [54]. The spray rate should
always be increased gradually because initially the size of
core pellets is too small and an increase in spray rate will
lead to the formation of agglomerates. The spray rate can
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Fig. 4 Effect of relative humidity on pellets [50]
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Fig. 5 Air distribution plates in commercial models

be increased once a sufficient amount of coating is per-
formed [17]. As coating proceeds, the size of the pellet
increases, and therefore the bed load, therefore air vol-
ume should also be increased to maintain a reasonable
degree of fluidization [55].

O
QR &

Formation of agglomerates

Atomization air pressure

The droplet size of the coating material is also important
and it depends on the size of the particles to be coated
[56]. The droplet size can be controlled by determining
the atomization pressure [57]. At higher atomization
pressure, the droplet size is smaller and vice-versa [51].
For smaller particles, the droplet size needs to be small.
High atomizing pressure results in attrition and produc-
tion of fines [58].

By considering these variables, it is possible to optimize
the layering method of pelletization and ensure that the
final product meets the desired specifications.

When the coating material is sprayed, the moisture
must be evaporated as well to avoid the formation of
agglomerates [59]. The evaporation rate depends on
the process air volume, inlet, and product tempera-
ture which are 30 °C and 24.20 °C, respectively [60]. As
evaporation increases, relative humidity (60 to 70%)
increases, which help dispel electrostatic charges [61].

(b)

Fig. 6 aTop spray coater b Bottom spray coater ¢ Tangential spray coater [30]
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Table 1 Parameters were followed to prevent agglomeration
Parameter Requirement Reference
Inlet and product temperatures Above the minimum film-forming temperature [43]
Spray rate Low, and can be increased gradually (171
Atomization pressure High, but not too high that it produces fines (58]
Table 2 The type of air distribution plate according to pellet  Table 3 Major variables and effects on pelletization
size- lab scale and commercial scale [17
(171 Sr.No  Variables Effects References
Equipment Pellet size in microns Plate
combination 1 Atomization Mass/liquid ratio [17,18,52,57,58]
control droplet size
6" Wurster <500 Microns A 2 Blow speed High airflow causes
250< <1200 Micron B attrition and gener-
600< <1800 Micron c . ZteSﬁ”es o
+ 1200 Micron and Tablets D 3 nlet temperature renrlwature .rymg
Commercial Models <300 Microns A-l . ipray ra;e :lggkomeraftlon ‘
) trengt ockage of nozzles
150 < <800 Micron B-I of the coating
500< <1200 Microns B-H solution
700 < <1400 Micron CH 6 Size distribution Flow properties
800 < <1800 Micron C-G Batch size Fluidization
> 1500 Micron and Tablets D-G

However, the temperature should not be too high,
which makes the zone of the coating so dry that it
results in spray drying [60].

Equipment variables

The layering method of pelletization is a complex pro-
cess that involves the use of specialized equipment. One
of the most important pieces of equipments used in this
process are Wurster fluid bed system, Extrusion screen,
Extruder, Mixer. The fluid bed system is designed to cre-
ate multiple layers of pellets that can be used for a variety
of applications.

The Wurster system is incredibly precise and can pro-
duce pellets with precise sizes and shapes depending on
the desired application. This precision is necessary for
creating a good layer of pellets for layering. Without pre-
cise sizing and shape control, the layering process could
fail, resulting in poor product quality.

Column height

To achieve proper fluidization, column height needs to
be adjusted. Column height depends on the particle size.
The larger the size of the particles, the larger the column
height [17]. The number of pellets/particles drawn into
the column depends on the column height. If the column

height is less, fewer particles are drawn into the column
but the amount of spray is the same, which leads to over-
wetting of particles, therefore formation agglomerates,
and if the column height is more, more particles will be
drawn into the column that will result in non-uniform
and insufficient coating [62]. Suction pressure is needed
to move particles from the annular zone to the coating
tube and this effect is known as the Venturi effect [63].
An ideal column height (0.3-0.5 m) needs to be main-
tained to draw the maximum substrate in the column.
Once the coating is done, drying needs to be carried out
at a higher column height and decreased blower speed
to ensure complete drying. Increasing the partition gap
too many results in fluidization but a slight increase leads
to dissociating clusters and achieving circulatory motion
[21].

Air distribution plate

The air distribution plate is made of stainless steel and is
porous. These pores help in the fluidization materials. As
the column height depends on the particle size, similarly
the selection of the air distribution plate also depends on
the particle size. There are two types of pores: small and
large. Small holes help in the bubbling of particles that
are toward the periphery and the larger holes are present
below the coating column that helps in the fluidization of
particles [57].
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Table 4 Troubleshooting in the process of pelletization

Problem Remedy Reference
Static charges on pellets Increase the Relative humidity (38, 39,44]

Doublets/triplets/multiplets formed
Inability to increase the relative humidity
The increased number of fines produced
Excessive wetting of the pellet
Defluidization of bed

Blockage of spray nozzle

Decrease the relative humidity
Provide external heating

Reduce the blower speed

Decrease spray rate

Decrease spray rate

Decrease the strength of the solution

Filter bag and shaking interval

Since the particles are in a fluid motion, they travel to the
upward chamber [52]. The fluidized bed processor has an
automatic shaking mechanism to prevent filter obstruc-
tion. There are different types of filter bags like-bonnet
filters, finger bags, cartridge filters, etc. [51]. The particle
size of the core pellets is used to choose a filter bag. The
ideal diameter of a filter bag is 720 mm. If the porosity
of the filter bag is higher than ideal, the material loss will
be substantial, and if it is lower than ideal, the filter bag
will clog, resulting in process interruption and product
yield. Differential pressure is used to check the filter bag’s
porosity. Filter bags with relatively smaller pores tend to
clog easily with larger particles that reduces the yield and
process efficiency [64]. The shaking of the bags is done at
regular intervals [65]. The shaking can be synchronous or
asynchronous. Asynchronous shaking is chosen for the
pelletization process in which one bag is shaken and the
other is functional that helps in the continuous process.
Whereas in synchronous shaking, both the filter bags
are shaken and the fluidization stops until the shaking is
completed. The time for shaking can be adjusted depend-
ing on the material. Once the process is completed and
the material needs to be unloaded, manual shaking is
done to ensure no material is present in the filter bags
that ensures better yield and helps in easy cleaning [56].

Process efficiency

The process efficiency needs to be calculated to know
how much coating material is lost in the process. In some
cases, the angle of the spray nozzle is such that the coat-
ing material gets sprayed on the walls of the column.
Therefore, to prevent that an initial spray test needs to
be performed to check that the spray material sprayed is
straight and not angular.

The coating material required for each batch depends
on the process efficiency/spray efficiency. By processing
a few batches, the extra coating material required can be
calculated and prepared for the other planned batches
[54].

Selection of position of spray nozzle

(1) Top spray: The spray nozzle is on the top and it
sprays the binder solution/drug solution down-
wards [66]. The top spray is used for drying wet
granules/powder, granulation, and coating. The top
spray is the most commonly used in granulation
[56]. The variables that affect top spray granulation
are-

a) Inlet air temperature
b) Fluidization air volume
c) Atomization air pressure

d) Rate of adding liquid [67]

Higher inlet temperature decreased the aver-
age particle size. An increase in the rate of liquid
or binder addition helps in decreasing friability
and therefore, comparatively larger particles are
formed. Higher atomization air pressure reduces
the particle size. However, top spray coating is
not suitable where the quality and uniformity of
the film thickness are desirable [68].

(2) Bottom spray: When the spray nozzle is at the bot-
tom, heated air flows upward through the bottom.
The bottom spray is most preferable for the coat-
ing process since it allows uniform coating on every
material [61].

Weight of coated pellets — Weight of uncoated pellets * 100

Process efficiency is calculated by =

Total solids present in the coating material sprayed
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(3) Tangential spray: The nozzle here is placed on the
side of the chamber. Three types of forces are pro-
vided- centrifugal force, lifting force, and gravity
force that helps in homogenous granulation [69].

Material variable

The key formulation variables include composition,
porosity, size, shape and density of the pellets; type and
amount of polymer coating; nature, size and amount of
excipients. Extrusion and spheronization method widely
used for the preparation of pellets of various materials;
natural extract, bacterial culture, drugs, etc., with imme-
diate release, and modified release pattern.

Material variables are important because various the
formulation of pellets for different purposes using vari-
ous excipients to overcome the issues of solubility, stabil-
ity and drug release properties etc.

Conclusion

The layering method of pelletization is an important tool
in the pharmaceutical industry, as it allows for the pro-
duction of well-defined particles with uniform shapes
and sizes. In order for this process to be successful, there
are several critical variables that must be taken into
account. One such variable is the type of coating being
used. Many different coatings can be used, and each one
will provide different levels of protection and stability to
the final pellet. Additionally, the physical properties of
the coating, such as its viscosity, must be chosen appro-
priately in order to provide the desired result.

Another critical variable to consider when using the
layering method of pelletization is the size of the pellets
being produced. This is usually done through a process
known as Wurster coating. Here, the pellets are sprayed
with a coating solution, which is then dried either by air
or in a vacuum. The size of the particles being sprayed
will determine the size of the final pellet, and thus must
be chosen accordingly. Additionally, the viscosity of the
coating solution must be taken into account in order to
ensure that the pellets are uniform in size.

Finally, the speed at which the pellets are produced
must also be taken into account. If the process is too
slow, then the particles may not be adequately coated and
the pellets may lack uniformity. On the other hand, if the
process speed is too fast, then the formation of the pellets
may not be complete, leading to a lack of uniformity in
the final product. Thus, the optimal speed must be cho-
sen, taking into account the speed at which the coating
solution is applied and the drying time.

All these variables contribute to the process efficiency.
The effects of deviating from the optimal parameters have
been discussed, which will help in the optimization of the

Page 8 of 10

variables. There are three positions where the spray noz-
zle can be placed; however, bottom spray seems promis-
ing in terms of the quality of pellets formed. These are the
general guidelines mentioned in this article and these can
vary depending on the molecule one is working on and
the type of coating to be performed. Therefore, more lab
studies must achieve the parameters for each molecule.
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