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Process Objectives
The objective of pharmaceutical processing
in manufacturing solid dosage forms is to
prepare the running powder to feed the
tablet press and/or capsule-filling machine.

The choice of excipients greatly depends
on the properties of the drug substance,
the behavior of the product as it is being
processed, and the properties required for
the final dosage form. In order to deliver a
stable, uniform, and effective drug product,
it is essential to know the properties of the
active ingredient, the active ingredient in
combination with the required excipients,
and the requirements of the dosage form,
and then to apply these requirements to
the process.

There are a number of required
characteristics for the running powder, and
many of the requirements vary, depending
on the equipment used to manufacture the
dosage form. Of these properties,
homogeneity of the mix, material flow,
controlled bulk density, and proper lubricity
are the most important. For tablets and
some of the capsule-filling machines, both
compressibility and consolidation
characteristics of the running powder are
also key.

To better understand these process
objectives, a focus on the general
requirements of the solid dosage form
is required.

Three main manufacturing methods are
used to prepare the running powder:
•
•
•

Content Uniformity
The content uniformity of the solid dosage
form is controlled by two components:
First, the variation in the weight of the
dosage form, and second, the variation
in the direct distribution in the running
powder.

Wet granulation
Direct compression
Dry granulation or slugging

Almost all formulations require
supplemental materials (excipients) to be
added to the recipe in addition to the active
ingredient to increase the dosage form size.
and for other essential functions, such as
binding and disintegration. The ingredient
classification used is:
•
•
•
•
•
•
•
•
•

The dosage weight is controlled mainly
by he bulk density of the running powder.
Variation in flow of the feed material can
vary the weight of fill of the dosage form
only if the flow rate is insufficient to fill the
cavity in the time allowed by the machine
for the filling process. If the powder flow is
fast enough (Figure 1), a reserve of fill time
will be available so that a small change in
flow rate will have little or no effect on the
weight of the final dosage form. Thus, a
process that creates a freely flowing feed
material with a controlled narrow range
bulk density is to be considered ideal
for controlling dosage weight.

Fillers
Binders
Disintegrants
Lubricants
Wetting agents
Glidants
Antiadherents
Colors and flavors
Preservatives
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Tablet weight

Figure 1: Flow versus Bulk Density

Bulk density control

Flow (g/min)

Among other things, a shift in the particle
size distribution can change bulk density.
As shown in Figure 2, a change in the
amount of smaller particles (fines) can
cause a dramatic change in the bulk density
of the powder bed. Fines in the context of
this section and for pharmaceutical powders
are defined as passing through a 210-µm
screen.

Fines fill the voids present in a powder
bed of larger (coarser) particles (Figure 3).
Once the voids created by the coarse
particles are close to being fully occupied,
the fines begin to displace particles and,
in the displacement, leave behind fine
particles in the space formerly occupied
by he coarse particle. These fine particles
have void spaces between them. As a
result, the bulk density falls due to the
coarse particle displacement. Note that
the maximum bulk density reaches a peak
(Figure 2), which limits the change in bulk
density of the bed. If the process particle
size distribution is controlled at this
maximum, the bulk density will be less
variable.

As the amount of fines increases from 0%
to approximately 40%, so does the bulk
density of the feed material (also Figure 2).
This increase in bulk density occurs until
the amount of fines in the mix reaches a
critical content. After this critical amount is
reached, adding more fines causes the
density to decrease.

3

Figure 2: Effect of Fines on Bulk Density
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With these objectives in mind, consider the
three major processes used to prepare the
running powder:

Material Composition
The process that prepares the running
powder must provide a uniform chemical
composition. Good mixing is essential, and
segregation during the process should be
prevented.

•
•
•

Wet granulation
Direct compression
Dry granulation or slugging

Wet Granulation
Wet granulation is a process of dry mixing,
wet mixing, and particle size enlargement.
and is a process of particle attachment
(agglomeration). In the most complex
form (Figure 4), it consists of six steps:
1.
2.
3.
4.
5.
6.

Figure 4 illustrates the wet granulation
process, in which a planetary mixer is
used or both the dry mixing and wet mixing
steps. A milling step may be required after
Net granulating to reduce the particle size
achieve uniform drying. The tray drier
dries the materials in 4 to 24 hours,
depending on the manner in which the
drier set up and the final liquid content
specification for the dried material. After
the material is dried, a milling step may
be needed to reduce the clusters that form
during drying. A rotating shape V-Mixer is
used in this illustration for final blending.

Dry mixing
Wet mixing
Milling of the wetted mass
Drying
Milling of the dried mass
Final blending

Figure 4: Wet Granulation

Mix powders
add binder

Mill coarsely
Dry

Compress or fill
into capsules
Mill
Blend and lubricate
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Now the material is ready for the dosage
form manufacturing unit. The wet
granulation process of Figure 4 illustrates
a very complex process arrangement.
A simpler process (Figure 5) employs a
single-step fluid bed wet granulator to do
the dry mixing, wet massing, and drying
steps all in one unit. Milling is not usually
required when a fluid bed is used to wet
granulate. A finishing mixer, such as the
V-Mixer, is needed after fluid bed drying
to blend the lubricant, color, and flavor,
as required, into the running powder.

Advantages of Wet Granulation

The wet granulation process binds the
primary particles of the dry mix together
to form an enlarged particle called a
granule. These granules are actually
enlarged primary particle agglomerates
and are usually rounded, and therefore,
free flowing.

•

Physical characteristics of the drug
are usually not important.

•

The coalescing of particles locks in
blend uniformity.

•

A wide variety of powder materials can
be processed into a uniform mix with
improved flow.

•

Optimum fill density can be achieved
by adjusting the process to create the
optimum final particle size distribution.

•

Compressibility and consolidation are
improved via the choice of the correct
binder and the moisture content of the
granules.

•

Dissolution is modified through
hydrophilization to improve wetting
or, with the choice of more insoluble
binders, to obtain a modified release
pattern.

•

Dust and segregation tendencies are
reduced.

air flow

air flow

vertical gradient

Figure 5: Single-Step Fluid Bed Wet Granulator

horizontal gradient
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•

Large number of process steps; each
step requires qualification, cleaning,
and cleaning validation.

•

Long process time, particularly for
drying.

•

High labor and manufacturing costs.

•

Some material loss during processing.

•

Problems associated with heat and
solvent sensitive drugs.

•

Capital requirements for extra building
space and equipment.

This fine powder mixture can be blended
into a homogeneous mass with a great deal
of mechanical agitation (and/or pressure).
Once mixed, these fine powder dispersions
segregate with difficulty, and thus tend to
remain mixed. Many granulators, such as
extruders and instantizers, need to be fed
with metered materials or a dry mix. Other
granulators, such as conventional fluid
beds, require that the active ingredient be
added in the spray to obtain good content
uniformity for certain low-dose formulations.
Most other granulators can perform the
dry mix step in the same vessel as the
wet massing vessel (e.g., a high shear
granulator).

•

Upon aging, dissolution from granules
can be slowed after tableting.

Wet Massing

•

Assay problems may occur for low
dosage drugs due to incomplete
extraction if the active ingredient is
complexed by the binder, or adsorbed
onto one of the other excipients.

•

Still no exact way to determine
granulation endpoint (torque, power
consumption, etc.).

Disadvantages of Wet Granulation

Water or other solvents and/or binder
solutions are added slowly over an
extended time period (or all at once) to
the dry powder. This is done with the
mixing to blend the liquid into the powder.
Adequate mixing time must be provided
after addition of the liquid to allow the
granules to develop.
The structure of the developed granule
(Figure 6) can vary depending on the
process chosen. Such flexibility allows
for a strategy to be developed to obtain
the desired density, porosity, texture, and
dissolution pattern of the granule formed.
Some of the key characteristics of granule
development include:

Dry Mixing
When wet granulating, the components
in the mix can be milled to a fine powder.
and even micronized if necessary, prior to
mixing. Micronized powders can be blended
for the dry mix, then the particle size
enlarged by agglomeration in the wet
massing step.
Figure 6: Granule Structure Development
Dry mix

Pendular

Funicular

Increasing granulating solution

Capillary

Kneaded capillary

With pressure
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•

Liquid content—the capillary granule
contains the greatest amount of liquid
per unit mass.

•

Amount of surface liquid changes as
the granulation process develops—
usually the funicular phase and the
overwet capillary phase have the
greatest amount of surface liquid.

•

Torque generated on the agitator will
be greatest during the overwet capillary
phase; also, a peak in torque often
occurs at the completion of the funicular
phase, just upon entering the capillary
phase.

•

Texture can be made soft (melt in the
mouth) using pendular granules; the
capillary and kneaded capillary forms
tend to be gritty.

•

Dissolution is generally fastest with
higher porosity granules; however, if a
disintegrant is added to the dry mix,
the problems of dense capillary granule
disintegration can be minimized.

•

Consolidation is essentially developed
in the granule by establishing a plane of
deformation in the binder film used as
the granulation binder; establishing the
proper distribution of this film, along with
the dispersion of the nonconsolidatable
components, is important.

Friability or dust generation during
further processing is reduced as the
process approaches the
capillary/kneaded capillary phase.

•

In most cases, percent of fines on
milling is least with the capillary/kneaded
capillary granule.

The structure of the granules that are
formed are dependent on the amount of
added liquid, the time allowed to granulate,
and the type of granulator used.

Porosity is highest in the dry mix
followed by the pendular granule;
porosity of the granule is lowest in
the kneaded capillary.

•

•

As shown in Figure 7, the fluid bed tends to
produce the pendular form, and can yield a
funicular arrangement. High shear tends to
yield funicular granules, but also can make
capillary and kneaded capillary granules.
Tumbling granulators tend to make capillary
granulations. Extruders are usually set up
to make kneaded capillary structured
granules. It is important to avoid adding
too much granulating solution or running a
high shear granulator beyond (or sometimes
even into) the kneaded capillary phase.
Both can result in a very dense matrix.
The mass can be doughlike and become
very difficult, if not impossible, to process
further. In such cases, screens may clog
in the wet phase mill, dried granules can
be too hard, compression forces necessary
for tableting can be high, and disintegration
of the granules may be prolonged.
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Figure 7: Granule Form Dependent Upon Mixing/Granulation Equipment
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Figure 8: Effect of Surface Tension on Granule Strength and Density
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The hydration level of the binder must
be uniform from batch to batch. This is
especially critical with branched polymers,
such as starch and many of the natural
gums. If the extent of hydration is variable,
this can contribute to changes in particle
size and density between batches.
Controlling the duration and temperature
of heating in preparing the granulation
fluid is important.

Ingredients for Wet Granulation
Other than the drug material itself, the wet
binder is the most important ingredient in
the wet granulation process. The choice of
the binder will influence the granule size,
hardness, wetting, disintegration, and
consolidation characteristics.
The surface tension of the binding solution
controls the granule strength in the wet
phase and, therefore, the particle size of
the granule (Figure 8). As a result, changes
in surface tension can be employed to
control the particle size of the granulation
produced.

Liquid distribution is the key to the success
of the wet massing step. Either atomization
or slow pouring and sufficient mixing time is
required to obtain proper distribution of the
granulation fluid.
Avicel® PH Microcrystalline Cellulose (MCC)
in Wet Granulation

In fluid bed processing, which uses
atomization spraying (nebulization),
surface tension is not as important a
parameter as viscosity in controlling the
particle size of the granules. Viscosity is
the controlling parameter when using
atomizers. Viscosity controls droplet size,
and droplet size controls the granule size
developed in the fluid bed.

Major advantages provided by Avicel® PH
101 and PH-102 in the wet granulation
process of tablet making are:
•

Rapid, even wetting
- Wicking action thoroughly distributes
the granulating fluid throughout the
powder bed.

•

Control of wet mass consistency
- Large surface area and adsorptive
capacity provide a wider range of
liquid addition without overwetting.

•

Less screen blocking
- Good wet mass consistency aids in
trouble-free screening.

•

Uniform, rapid drying
- Promotes rapid release and
evaporation of liquid from the wet
granulation.

•

Content uniformity control of watersoluble drugs
- Regulates active ingredient variation
in all particles of the granulation.

Binders
The role of the binder is paramount to
the development of the structure and
performance of the granulation. Linear
polymers are ideal in that they can be
used at low concentrations. With some
residual moisture present, the polymer
can perform the essential role of plastic
deformation and bonding during tableting.
Branched binder structures, such as high
bloom strength gelatins, have a tendency
to create harder granules and generally
require higher concentrations to achieve
the same particle size. Since Section 4 is
devoted to binders, the discussion here
will be limited to the processing aspects
of the binder.
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•

Wet binder-like activity
- Auxiliary wet binder promotes harder
granules with less fines.

•

Use of Avicel® MCC in postaddition step
provides:
- Excellent binding
- High hardness at low pressures
- Low friability
- Good disintegration

The variable speed of the blades of the
cone mill allow for a variable impact
velocity, which can be adjusted to reduce
breakage of the capillary particle, therefore
allowing cleavage at the pendular bridge
and press particles into the screen. The
mill zone is formed by the blade and the
screen, and when the granule is small
enough, it can be immediately screened.
Drying of Granules

As a wet-massing adjunct only, the total
quantity of MCC is added to the initial dry
blend. Preferably, one half is incorporated
into the wet mass and the remainder into
the final blend. This postaddition of Avicel®
PH is most useful for the assurance of
trouble-free tableting when compression is
sensitive to variations in raw materials or
processing.

Caution is needed in drying because of
the potential decomposition and chemical
migration that can occur during the process.
The high temperature and high solvent
content present at the beginning of the
drying process may lead to hydrolysis. At
the end of the drying process, dehydration
reactions can possibly occur.

Wet Milling

The air temperature and humidity of the
oven controls the rate of drying. As a
minimum, the temperature and time of
drying should be controlled. Although the
ambient humidity of the air is important,
it has limited impact on most drying
operations, as room temperature air is
heated to 60°C to 80°C during the drying
process. Migration of dissolved ingredients
can occur during drying. Wicking agents,
such as microcrystalline cellulose, can be
used to reduce and even prevent migration.
Migration can occur between particles or
within a single particle from the core of the
particle to the surface. Changes in granule
consistency and surface characteristics can
result in changes in porosity and binding
strength. Migration can deposit drug at
the surface, and affect the structure of the
tablet during compression, and generate
dust from the surface during handling.

A wet milling step may be necessary after
the wet massing step to reduce the particle
size of the wet granule in preparation for
drying. If milling is needed, it will result in
cleavage of the pendular bonds (Figure 9)
and separation of the firmer-structured
granules (called granulytes). This opens
the clusters, which are fairly dry, without
exposing the capillary water included in
the small granulytes.
Plugging of the screen and build-up in
the mill are problems for many types of
equipment. The best mills place the
grinding zone of the mill as close to the
retention screen as possible. Two such
designs are featured in the oscillating
granulator (Figure 10) and cone mill
(Figure 11).
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Figure 9: Wet Milling

Direction of
milling force

Figure 10: Oscillating Granulator

Compression and
transportation
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Figure 11: Cone Mill
Direction of particle travel

End-point control of drying is important. The
residual moisture in the granule aids in the
plastic deformation characteristics of the
particle during compression. If too dry, a
granule will be created that will brittlefracture excessively when compressed on
a tablet press. If too wet, the granules will
be sticky and may bind to the tooling.

compares it with the product temperature.
For example, a temperature difference (∆T)
of 35°C between the wet bulb thermometer
reading and that of the product can be set
to stop the dryer at a specific time (e.g.,
40 minutes), or it can be set to continue
drying for a specific time after the product
temperature begins to rise. The drying
process is stopped when either a ∆T of
35°C is reached (primary control), or at
40 minutes beyond the point where the
product temperature rise is detected
(secondary control).

The correct end point can be obtained by
as simple a technique as applying a given
inlet temperature to the process for a given
length of time. Another approach (Figure
12) tracks the wet bulb temperature and

Figure 12: End-Point Control
Inlet temperature

Wet
bulb

Temperature (°C)

Dry
bulb

T1

60

T
40
Product
temperature

20

5

20

Product moisture content

40

60

Drying time (min)
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The final moisture content of the dried
granulation is an important consideration
for both granulation stability and granulation
compactability. For crystalline binders (sugar,
corn syrup, dextrose), the moisture content
generally must be below 1% to prevent
sticking, yet greater than 0.4% to allow for
compactability. For polymer-type binders
(PVP, HPMC, gelatin), the finished moisture
content is usually higher (at 0.8% or greater)
to create a plastic-deforming particle.

Advantages of Direct Compression
•

Economy in labor, time, equipment
operational energy, and space.

•

Problems due to heat and moisture
eliminated.

•

Greater physical stability provided;
hardness and porosity changes less
with time when direct compression is
broadly compared to wet granulation
systems.

•

Extraction of the drug from the dosage
form is not inhibited during the assay
procedure (polymer binding).

•

Choice of ingredients allows the
formulator to improve or retard
dissolution rate.

Dry Granule Milling
Milling of the dried granulation is not
always necessary. Particle sizes larger than
2000 µm (10 mesh) are usually considered
too large for tableting purposes.

Direct Compression
The ideal process from a capital and
operational cost basis is direct
compression. This is, at most, a two-step
process involving screening and/or milling
and final mixing.

Disadvantages of Direct Compression

An effective excipient binder is needed
and should have good compression and
consolidation properties as a dry additive,
even at low concentrations (< 30%) in the
formulation.
Good adhesive properties in the dry form
are a combination of a rough and porous
surface combined with a van der Waal's
and/or a hydrophilic bonding mechanism
to attach the active ingredient(s) to the
excipient. This feature is needed to assure
good mixing of drug and excipients and
to prevent segregation.
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•

Critical nature of the raw materials;
need for greater quality control in
purchasing to assure batch uniformity.

•

Difficulty obtaining dense hard tablets
for high-dose drugs.

•

Nonhomogenous distribution of lowdose
drugs due to segregation after blending
(content uniformity).

•

Sensitivity of direct compression
"running" blends to overlubrication.

•

Limitations in color variations.

•

Need for assisted feed and
precompression for some high-dose
drugs.

•

Need for commensurate particle size or
particle size distribution between drug
and excipients.

Avicel® PH MCC is one of the most useful
excipients available for direct-compression
tableting. Its strong bonding properties and
capacity for dry binding other materials have
made MCC a standard to which other direct
compression excipients are often compared.
MCC performs many functions in the direct
compression process:
•

Strong, dry binder

•

High dilution potential

•

High tablet hardness at low punch
pressures

•

Low tablet friability

•

Excellent tablet disintegration

•

Flow aid

•

Inherent lubrication

•

Antiadherent

To obtain uniformity of flow and bulk
density

•

To effect distribution of lubricant, color,
and surface active agents

•

To reduce or eliminate segregation

Adhesive mixing—Fines
Particles smaller than 50 µm are candidates
for mixing by aggregation (Figure 13).
Particles of 10 µm or smaller have a
tendency to selfadhere easily. This adhesion
means that, if all the cohesive attachments
between like materials are severed and
converted to unlike attachments, a very
effective mix can be generated that is less
prone to segregation. For example, a
particulate binding of the type A-A and B-B
(like to like) can be broken and rejoined to
form an A-B and A-B type (unlike to unlike).
Blending a formulation containing particles
of Avicel® PH-101 MCC (50 µm in size) with
other particles of similar size produces a
product which is less prone to segregate. In
addition, most modern tablet presses and
encapsulating machines can use such finer
particle size powders in the feed system.

Final Blending
Final blending is usually done in a cone or
V-type blender (Figure 13). To obtain the
final blend, it is necessary to consider the
objectives of the mixing steps:
•

•

To achieve drug content uniformity

Figure 13: Final Blending

Compress or
fill into capsules
Mill
Blend and lubricate
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ingredients into a formulation. Equal
volumes of the drug and a fine-sized
particle excipient, such as microcrystalline
cellulose, are mixed. This first step can
include milling of the drug with the excipient
to assure the removal of aggregates. This
premix is combined with an additional
volume of excipient, usually equal to the
total volume of the premix, and the
combination is mixed further. This
progression of mixing by dilution with a
fine particle excipient allows for an energetic
dispersion of a concentrate of drug into a
matrix or premix, which is then blended with
the remaining materials in subsequent steps.

Adhesive mixing—Coarse
Blending of powders when the particle size
of the active ingredient is 200 µm or larger
presents the problem of lack of significant
surface adhesion. A mix, when achieved,
can result in a blend that may separate.
The adhesive surface force between
particles is not strong enough to prevent
separation. Therefore, coarse blends
(particle ingredients generally larger
than 200 µm) are usually restricted to
formulations with high doses of active
ingredients. To reduce segregation, the
porosity of the bed should be minimized
and vibration exposure reduced.

An example of mixing by dilution involves
spraying of the solution of a drug onto
an absorbing substance. The drug being
sprayed is spread over a large mass of
excipient, which can absorb the liquid
and attach the drug. Avicel® PH MCC is
an example of a good absorber. Avicel® PH
will absorb the liquid and the drug, and the
mixture can then be further blended into a
formulation. This method is used to obtain
a more uniform distribution of the drug.

Carrier Blends
This type of blend is characterized by fine
particles attached to larger particles called
carriers. For maximum effect, the smaller
particles should be less than 10 µm in size.
The fines attached to coarse particles are
called ordered units. The larger particles
are greater than 90 µm in size, and have
pores and/or indentations in the surface
to aid in the attachment of the smaller
particles. This attachment is another
adhesive attachment mechanism similar
to the fine-fine attachment.

Dry Granulation
The third process for making the "running"
powder for tableting or encapsulation is
the dry granulating process (Figure 14).
This process requires five steps:

Mechanical stability is an important property
of powder mixtures. An ordered unit (in
this case, fine particles adhering to larger
carrier particles) can separate in two ways.
First, the smaller particles can lose their
attachment and separate. Second, the
ordered units can be of varying size due
to the varying size of the carrier particles
and can therefore separate.
Mixing by Dilution

•

Mixing

•

Roller compaction

•

Milling

•

Screening

•

Final blending

The process is continuous and no heat or
moisture are applied, yet the particle size
of the mixture is increased.

Mixing by dilution is often used to
incorporate very potent low-dose active
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Figure 14: Roller Compactor

Recycle

Gear

Air

Air

Product

The roller compactor and tablet press
perform the same functions. Material
is fed to the rollers and the powder is
compressed. A dwell time under pressure
allows for consolidation of the feed into a
sheet or flakes. The product then exits the
compression zone and is released from the

rolls. The roller compactor lacks an
upper punch to hold the materials in the
compression zone, called the nip area
(Figure 15). Air moves up against the
powder flow. The faster the rollers turn,
the more material is compressed, and
the greater the volume of air is displaced.
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Figure 15: Nip area (Region) of Roller Compactor
Feed pressure

Roll

Nip angle
11.6

Release
region

The material must be properly gripped
by the roller. Accumulation of most larger
particles can occur in the nip area. This
can lead to excessive pressures being
generated for short times and banging of
the rollers as they open to allow material
to flow through. Machining of pockets or
gripping indentations in the rollers can
reduce the tendency for larger particles
to be retained. It is apparent that the
major controls are:
•

Pressure applied
The time under pressure and the
amount of pressure applied is of primary
importance; it is controlled by roller
speed and the height of the nip area.
The nip area (Figure 15) expands as
more gripping force or friction is applied
by the feed screw on the roller surface.
The friction between the material being
fed and the roller prevents the material
from slipping on the roller surface, and
thus, draws the material into the high
pressure area.

•

Subsequent milling process

•

Material characteristics
Particle size distribution, compressibility,
and consolidation characteristics must
be considered. It is important to keep
in mind that certain materials, such as
lactose (which compact by a brittlefracture mechanism), will be less
compactable if too high a pressure is
used during initial roller compression.
With other materials, such as ibuprofen,
the elasticity can be reduced by applying
higher pressures in roller compression.

These surface attachments are usually
weak, therefore the granules/sheets
produced are fragile. Upon milling, a
significant amount of dust is usually
generated, which is removed by screening
and is recycled back through the roller
compaction system. This feature is
needed to assure good mixing of drug
and excipients and to prevent segregation.
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Advantages of Dry Granulation
•

Special Procedures: ExtrusionSpheronization

Permits mechanical handling without
loss in mix quality.

•

Eliminates the problems due to heat
and moisture.

•

Improves flow of powders by increasing
particle size.

•

Decreases the elastic recovery for
certain compounds, thereby increasing
final compactability.

•

Facilitates extraction of drug from
dosage form during analysis (shows less
tendency to interfere due to polymer
binding).

A unique way to make spherical particles is
to combine an extruder with a spheronizing
machine. The spheronizer, or marumerizer,
(Figure 16), was the first machine used for
this extrusion-spheronization application.
It produces dense spherical particles from
fine powders.
The formulation requires special materials
which must be plastically deformable when
wet, but not sticky. Microcrystalline cellulose
(Avicel® PH) is the most popular ingredient
for this purpose, and is used at levels of at
least 20% in such formulations.
Basically, the process consists of producing
roughly cylindrical pellets from the plastic
mass of the mixed powders using water or
other solvents, sometimes in the presence
of a binder. The mass is extruded through a
radial screen or axial die plate by means of
a screw feeder. The larger diameter-denser
pellets are made using an axial extruder.
Spheres as small as 0.5 mm are made with
a radial screen extruder.

Disadvantages of Dry Granulation
•

High amount of recycle or reprocessing
(dissolution, friability, batch control).

•

Possible loss in tablet compressibility in
the material during roller compacting.

•

Particle erosion and segregation during
finished mixing and handling (content
uniformity).

•

The pellets, once formed, are placed into
the spheronizer. The base plate of the
spheronizer spins to create friction and
a bumping action, which break down the
pellets until the length-to-diameter ratio
is approximately the same, thus forming
spheres. Total spheronization process
times range from 30 seconds to 5 minutes
or longer.

Limitations in color variety.

Special Procedures
Many predosage form manufacturing
processes can be considered specialized
and can be employed to generate a very
special product to be used for the running
powder. These processes include:

The centrifugal force created by the base
plate aggressively carries the deposited
feed pellets from the center of the machine
to the wall, then rolls them up the wall. This
action creates an annulus ring of continually
moving and rolling material.

1. Extrusion-spheronization
2. Liquid carriers-based granulation
3. Cushion-based blends
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Figure 16: Spheronizer (Marumerizer)
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The action also forces the rounder, smaller
particles toward the interior of the roll, while
the larger, more elongated particles tumble
near the surface, facing the friction plate
as it rolls under the ring. Interparticulate
frictional forces, plus those between
particles and the moving base, spheronize
and increase the density of the particles.
The product size distribution is usually
extremely uniform, and the output can be
as great as 2000 kg/hour.

rheology imparted to the particle by the
process. Because the orifice defines the
cross-sectional geometry, extrudate length
is usually the only dimensional variable.

Extrusion Equipment

The lower-pressure radial extruder (Figure
17) uses a transport screw to move the
material along the screen. The material
exits the die holes as it is spread across
the screen. As a result, smaller diameter,
softer extrudate particles can be produced.

Two types of screw extrusion devices are
used widely:

To spheronize a material, a preformed
particle is needed. The extrusion method
involves the application of pressure to a
wet mass until it flows through a defined
opening (orifice) in a metal plate. It is
obvious that the technique controls two
dimensions of an agglomerate. The width
is determined by the size of the orifice,
while the length is controlled by the
characteristics of the material and the

•

Axial

•

Radial

An axial extruder (Figure 18) is operated
at a higher pressure and forms denser
particles. This design utilizes a transport
section to move the material forward, and
often a compression zone (having
progressively closer screw flights) to
increase the density of the material.
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Figure 17: Twin Screw Radial Extruder
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Figure 18: Axial Extruder
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Extrusion
zone

Liquid Carrier-Based Granulations

Handling of Powders

Many granulations are made with the idea
of distributing a liquid into or onto a carrier
particle (see Mixing by Dilution). Adding a
granulating and/or coating step can seal
the particle/liquid mixture as well as modify
the redissolution of the drug substance.

Segregation of the active ingredient during
the handling process (Figure 19) must be
controlled to assure proper product
performance. It can be prevented by one
of two mechanisms:

A taste-masking example might involve
the granulation of the absorbed drug
onto Avicel® PH MCC with a pH-activated
polymer such as Aquacoat® CPD (cellulose
acetate phthalate). This massing and
polymer barrier would prevent the
dissolution of the drug in the mouth during
chewing, yet would release the drug in the
stomach or duodenum upon exposure to
the correct pH.

•

Containment

•

Attachment (aggregation)

Both of these mechanisms treat the
particles as a group. Containment holds
the group as a set volume of particles,
while attachment creates a particle cluster
by some sort of adhesive force. The
containment mechanism is the more
important of the two.

Cushion-Based Blends

Containment

Several products in the marketplace are
made as coated extended-release or
delayed-release beads in a tablet matrix.
The compression process is used to create
the dosage form. The rupture of the bead
coating in compression must be avoided.
Low-compression pressures must be
applied during the tableting process. The
formation of the tablet at low pressures,
with little (if any) internal friction, is needed.
Dry binders, such as Avicel® PH MCC, are
used with a waxy material, such as PEG
8000, to obtain a reasonable tablet
structure while applying low levels of
pressure.

The set volume of contained particles
could be the powder filled into a capsule,
into a vial, in front of a blade in a ribbon
blender, or in the plug grouping of a dense
phase conveyor. Because the particles are
not allowed very much movement with
respect to each other when transferred,
their tendency to segregate from each
other is reduced.
The closer the process is to containing
the individual particle and allowing only
groups to move, the less tendency there
is for segregation. Some containment
trends include:
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•

Low-porosity powder beds, which
reduce the segregation tendency of
finer particles percolating through pores
in the particle bed.

•

Charging into plastic deflated bags; the
force of the material moving into the
open bag is more of a containment
system than simply allowing the material

to charge into a container. The bag
weight, as it is filled, is supported to
allow gradual entry. Also, once the
bag is filled, it is tied very tightly to
discourage bed expansion.
•

Moving mixed materials into bins,
rather than pneumatically or by screw
conveyor.

Figure 19: Active Ingredient Variation During Processing
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Tableting

