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AN INTRODUCTION TO SPHERONIZATION
(MARUMERIZATION')

A Brief Non-Technical General Guide
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*Spheronization and marumerization, different names for the same thing. The two words can be used interchangeably.
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WHAT IS SPHERONIZATION?

Spheronization is the process where extrudates (the output from an extruder) are
shaped into small rounded or spherical granules. In practice these usually vary in
size from 0.4 to about 3.0 mm. The use of these spheroids can be relevant for a
wide variety of industries.

WHY CONSIDER SPHERONIZATION?

The products produced from this process can be useful in several ways:

+  Product performance and functionality can be improved or changed to meet a
wide range of requirements

+  Plant procedures can be simplified, to reduce costs or enhance security of
operation

The process is well known and widely used in the pharmaceutical, neutraceutical,
catalyst, petrochemical, materials science and other industries. Its use is becoming
increasingly recognized in other areas of industrial material handling.

Spheronization has many advantages. Not all of them will be relevant to all users or
all industries. The main uses and advantages of spheronization are:

Possibility

Potential benefit...

Agglomerates of
material with a uniform
and controlled size.

Spheronization provides an efficient method of producing uniform discrete
particles of various sizes (size can be controlled, according to user needs between
a wide range of diameters). As an example, where spheres would allow a better
dispersion of ingredients is especially useful in the pharmaceutical, biotechnology
(such as bone filler and regeneration) and neutraceutical industries. This allows
more accurate dosage measurements when filling capsules.

In other industries such as neutraceutical supply, the capsules can be coloured or
coated allowing for easy identification, also dissolution and active material release
properties can be controlled.

Producing small
particles with a high
surface area to volume
ratio.

This can offer advantages in catalyst applications where maximization of surface
area can be useful. In other industries this allows for the most optimum product
for coating where this is required or desirable.

The optimization of flow
Characteristics.

The excellent flow properties of spheres is well known. This allows the use of
automated processes or use where exact dosing is required such as tableting,
mould filling, capsule filling and other forms of packaging.

Producing the optimum
shape for coating

Granules and spheres can require coating for a variety of reasons such as the
stabilization of the active ingredients or the controlled release of the active
ingredients. The most widespread use of coated spheroids is the controlled
release of medicine in the pharmaceutical industry. The easiest and most
economical shape to coat is a small sphere, as no additional material is required
to coat or fill irregularities in the surface of the particles.

To facilitate the mixing
of non-compatible
products.

Filling of two incompatible active products into capsules can be easily and cheaply
done using spheronized products.

To improve the
appearance of powder
or granulated materials.

Having spheres of a uniform and controlled size can significantly improve the
physical appearance of products. In markets where product differentiation is
necessary to assist marketing success, spheronization is a rapid and inexpensive
way of separating your products from the competition.
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To improve the ability to
reproduce the same
physical properties

of packing beds and
columns.

In several industrial applications columns or porous beds are used as chemical
reactors. The use of small spheres rather than irregular granules allow for easier
calculations, predictions and reproducibility.

To improve the hardness
and friability of granules.

The hardness of any tablet or sphere depends partly upon the internal cohesive
forces and partly on the surface characteristics of the product. Spheronization
increases the hardness and reduces the friability of the materials being treated.
This will reduce the amount of fines or dust during transportation or subsequent
handling.

To increase the density
of granules.

With spheronization both the true and the bulk density of the products are
increased. The amount of the increase depends upon the formulations being
processed. This gives the opportunity to improve both the processing and
packaging of products.

To improve accuracy in
dosage control.

Improved flow characteristics facilitate accurate dosing control.

To improve the high
speed handling of
materials.

Spheres have excellent flow properties. This allows the increased ease of
automated processes.

To remove dust hazard.

Operations involving powders can produce dust. This unwanted aspect of
production can be a hazard to personal safety and to the purity of the end product.
The management of this is important in many industries. Spheronization will
minimize the amount of dust thereby reducing risk,keeping processes clean

and preventing cross contamination of processes and products during exposed
operations.

To simplify the handling
of difficult material.

Materials that are difficult to handle such as hygroscopic materials, flavours,
dyestuffs etc. can benefit from spheronization. Once spheronized they can
increase in stability and be less affected by surrounding conditions.

To simplify and increase
speed of processing.

Products that have been spheronized and dried have “fast flow” characteristics.
Problems due to blockage in transfer or valve mechanisms, or bridging when the
material is in hoppers, and losses due to handling are reduced to a minimum.

WHAT IS THE BASIC EQUIPMENT FOR THE PROCESS OF

SPHERONIZATION?

The process of spheronization consists of four key steps:-

+ Mixing or granulation

+ Extrusion

+ Spheronization

+ Drying and possibly coating

- a mixer or granulator is required
- an extruder is required
- a spheronizer is required

- a coater and drier may be required

All of these steps are important and all can have a considerable influence on the
final product performance.

Mixing and/or Granulation:

The influence of different mixing/granulating parameters should not be

underestimated. It is true that in many cases mixing can have little or no effect on
the process or final product performance but this should never be assumed. When
doing development work, it is important to keep the mixing/granulation parameters
constant (to remove a potential source of variation) or to make systematic

trials and demonstrate the effect (or lack of effect) of changes in the mixing
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A Twin Screw Variable
Density production
Extrusion extruder from

Caleva

parameters.

The extrusion of the materials is a required step prior to
spheronization. The final size of the pellets is principally
determined by the diameter of the extrudate used for the
spheronization process. For example in order to obtain
spheres with a diameter of about 1 mm, a T mm diameter
hole is used on the extruder die or screen, although

dies and screens with slighter larger hole diameters will
sometimes be used to allow for shrinkage on drying.

In a spheronizer, it is possible to obtain spheres with a
diameter ranging from about 0.4 mm to about 8 mm.

Spheronization

Modern spheronizers have several additions
and adaptations depending upon the needs

of the particular product and process. The
design principle of the spheronizer is relatively
simple but the detailed development of auxiliary
equipment and the specifics of the design have
widened the range of applications and greatly
improved the flexibility of the machines

A production
Spheronizer from

In principle the basic machine consists of a
round disc with rotating drive shaft, spinning

at high speed at the bottom of a stationary
cylindrical bowl. The spinning friction plate has
a carefully designed groove pattern to the base.
This is most often cross-hatched, but several
sizes and other types are available. These discs
are designed to increase the friction with the
product.

Extrudates are added to the spheronizer and they fall onto the spinning plate.
During the early contacts of the cylindrical granules with the friction plate, the
extrudates are cut into segments with a length ranging from 1 to 1.2 times their
diameter. These segments then collide with the bowl wall and they are thrown back
to the inside of the friction plate. Centrifugal force sends the material to the outside

. The “roping”
\ movement

FROM ABOVE

The Basic Principles of a Spheronizer =
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of the disc. The action of the material being moved causes the extrudate to be
broken down into pieces of approximately equal length relative to the diameter of
the extrudate. These cylindrical segments are gradually rounded by the collisions
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with the bowl! wall, the plate and each other. The ongoing action of particles
colliding with the wall and being thrown
back to the inside of the plate creates a

« » Vertical Cross Section
rope movement” of product along the

bowl wall. The continuous collision of the oD o]
particles with the wall and with the friction /fjt:jZz:f,’;’j‘;f;;‘:’,:f,‘:“‘k

plate will gradually turn the cylindrical morse, h
segments into spheres, provided that the &l é
granules are pliable enough to allow the

deformation without being destroyed. It
is essential that this rope movement is
present for an optimal spheronization.

As processing continues, the shape of the pieces gradually changes as shown
below.

The change of shape of the extrudate with increased time in the spheronizer

Cylinder Rounded ends Dumb bells Ellipsoids Spheroids
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When the particles have reached the desired shape (usually in about 2 to 10
minutes) then the spheroids can be removed

The photographs below show the process of change in the spheronizer. When
the particles have
obtained the desired
spherical shape, the The changing shape of extrudate with increasing time
discharge valve of the
spheronization chamber
is opened and the
granules are discharged
by the centrifugal force.

As can be seen from the
last picture, very narrow
particle distributions
can be obtained in the
spheronizer.

WHAT ARE THE KEY
PROCESS PARAMETERS?
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The process parameters can be split into those related to the spheronizer equipment
itself and those related to the product used. All these parameters have to be in harmony
to obtain a good process result.

Machine Parameters

Friction plate pattern

The most common groove pattern used for

spheronizer discs is the “waffle-iron” design,
where the friction plate is like a chessboard of
chopped-off pyramids. The choice of which
plate to use is not always clear. As a guideling
extrudates up to 0.8 mm in diameter are
normally processed on a 2 mm pitch plate. A #8
3 mm pitch plate is used for extrudates up to §
3 mm in diameter. Discs with a radial design P
are also used, as these

are considered gentler on the material being
spheronized.

Friction plate showing “waffle iron”
type pattern

Friction plate showing radial design
Friction plate speed pattern

The typical rotation speed of a production
size (700 mm diameter) disc ranges from
200 to 450 rpm. The higher the speed, the
more energy is put into the particle during a
collision. The optimum speed depends on the
characteristics of the product being used and
the particle size. The smaller the diameter of
the disc the higher the speed required. The
important parameter is the speed at the outer
edge of the disc. In practice the optimum
speed can be determined with a little experience. For some products it may be
recommended to start at a high speed and to lower the speed in the final stage of
the process. This can be determined by simple practical tests. The process allows
a high degree of flexibility for good formulations.

Retention time (The length of time the product is spheronized in the spheronizer)

Typical spheronization retention times to obtain spheres range from 3 to 8 minutes.
This is relatively easy to determine and best obtained by simple trials with specific
products. For some products, the strong cohesive forces in the extrudates prevent
the extrudates from breaking up into smaller pieces. If the objective is to reduce
dust and not necessarily obtain perfect spheres then the short contact with the
friction plate is sufficient to break the long extrudates into small segments and
round the edges. The edges of cylindrical granules are the most fragile part and
they will generate dust during handling and transportation. Spheronization with a
short retention time can help to reduce the amount of dust significantly.
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The charge volume or weight (The quantity of product loaded into the
spheronizer)

The optimum level depends upon the machine size and the product characteristics;
there is an optimum quantity of product to be charged per batch into the
spheronizer chamber that will produce the most narrow particle distribution and
the best spheres. A typical charge volume for a machine with a 380 mm diameter
disc is 4 kg depending upon the density of the material. Increasing the load per
batch increases the hardness of the spheres and smooths the granule surface.
With the larger 700 spheronizer a load of from 2 kg to about 12 kg is normal.

Product Parameters

The result obtained in the spheronizer depends on the physical properties and in
particular the rheology of the product (rheology can be easily investigated using a
Caleva Mixer Torque Rheometer - MTR). The particles must have enough pliability
to allow deformation under the impact they receive during the process, but also
must be strong enough to withstand the collisions with the friction plate, each
other and bowl wall without being broken up and destroyed.

Rheology

The rheology of the product can be changed by using binders or lubricants, or by
changing the mixing time and by altering the liquid content of the mix. Although
the examination of the rheology of the product seems complex and potentially
time consuming to perfect, with a Caleva Mixer Torque Rheometer (MTR) the ideal
formulation can be determined very quickly and easily (for more information about
the MTR and how it can be used contact your local distributor or Caleva info@
caleva.com).

Binders can be used to increase the strength of the granules and reduce the

amount of fine dust generated during spheronization. If too much binder is added
and the granules he Mixer Torque Rheometer

become too hard can be used to optimize the
it will be difficult ' rheology of your formulation

to obtain good
spheres.

Lubricants will
increase the
plasticity but may
also increase the
amount of fine dust
generated during
spheronization.

Water can also be

used as a lubricant. If too much water is used, sticking can occur on the friction
plate and bowl wall. It can also happen that the granules will stick together,
forming big lumps. If the extrudates are too dry, a high amount of fine dust will be
generated. The optimum moisture content for spheronization is slightly less than
for extrusion only.

Auxiliary beneficial options for spheronizer configuration

Drum Heating/Cooling Jacket


http://www.caleva.com/products/mixer-torque-rheometer-measure-granulation-properties/
mailto:info@caleva.com
mailto:info@caleva.com
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Heating or cooling water can be introduced in a jacket around the spheronizer
bowl. Warm water can be particularly useful on the chamber wall to drive off
moisture that would cause product to stick to the wall. Cooling the wall will avoid
temperature rises in heat sensitive products, although the average temperature rise
in a spheronizer is generally rather small (approximately 2 to 3 °C).

Air introduction (Fines air)

A slight flow of air can be introduced in the chamber from under the friction plate.

“Easy feed”

loading funnel \

The laboratory Multi Bowl Spheronizer from Caleva

Cooling
Jacket

E stop Fines air
d control on rear
' / 150g to
- ~ Speed 15 1.5kg
- B gto
O 9] 2 display ¢5q g ~

Automatic
and manual Automatic
control timer

A range of different bowl sizes are available for different
batch sizes

This not only prevents dust from getting between the rotating plate and the wall
of the chamber but also can help to remove moisture from the granule’s surface,
improving the friction forces and process efficiency.

Automatic timer

It is useful but not essential to have an automatic timer on a spheronizer.
Spheronization is a batch process and not a continuous process. Proper timing of
the spheronization run time for each batch will help to maintain standard operating
procedures and enhance performance standardization and product quality.

Non-Stick Coatings

For some products, the chamber wall and the plate can be coated with non-stick
materials if this is necessary for ease of use with sticky materials or cleaning.
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THE BENCH-TOP CALEVA MULTI LAB

The Caleva Multi Lab (CML) is a bench top apparatus that contains a mixer/
granulator, extruder and spheronizer designed to work with small batches of
material. Trials can be made covering the three initial steps of spheronization
quickly, easily and with minimum use of experimental materials. The mixer has
two configurations, one for standard products and one for products with a higher
viscosity (these are generally products used in the petrochemical and catalyst
industries. Reduced size bowls are also available being more suitable for working
with smaller batches.

|
o
Spheronizer Base unit and extruder Mixer / granulator

P

P
THE CALEVA MINI COATER DRYER |

The Caleva Mini Coater Dryer
(MCD) is designed to coat small
guantities of pellets or tablets in
laboratory development situations.
It will effectively coat from a
single tablet to a batch of pellets
produced by the Caleve Multi-lab
(CML) or other small extruder and
spheronizer combinations.

Together these two laboratory pieces of
equipment make up an ideal combination
covering all aspects of small pellet (0.5 to 3.0 mm) development.
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THE CALEVA PRODUCTION SPHERONIZER 700
AND
THE CALEVA VARIABLE DENSITY TWIN SCREW EXTRUDER

.f._l

Working together these two pieces of Caleva production equipment make up an ideal
combination covering all aspects of variable density extrusion and high quality pellet

manufacture.
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