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Abstract

High shear granulation is a commonly used technique for the size enlargement of powders in
the pharmaceutical industry. It is a very complex process that is difficult to model due to the
number of interacting material properties and processing conditions that control the granule
properties.

In this thesis an attempt to model the high shear granulation process in a Glatt/Powrex FM-
VG-01 lab scale mixer/granulator using Artificial Neural Networks (ANNs) has been made.
ANN s are well suited to modelling tasks that contain ‘noisy’ and interacting data.

The properties of granules prepared with three different grades of calcium carbonate, one
grade of magnesium carbonate, one grade of powdered cellulose and Eudragit RPSO with
binder solutions of either polyvinylpyrrolidone or hydroxypropyl methylcellulose were
investigated using ANN models. All the powders were chosen as they are insoluble in water
and exhibit a range of surface energetic properties, surface areas, flow characteristics and
particle sizes.

Granulation experiments were carried out using variable processing conditions with all the
powder/binder combinations. The porosity, friability, the mean granule size by sieving, a
measure of the width of the granule size distribution by sieving, flow properties and binder
content variability were all determined after preparing and drying the granules.

The data for each granule property were used in ANN models and their ability to predict the
outcome of previously unseen experimental data was evaluated.

Overall the ANNs showed some promise in modelling the porosity and the width of the
granule size distribution, and were particularly accurate in predictions of the binder content
variability. There was some agreement with direct observations made with simple graphical
analysis of the data and with literature data. However, it was found that caution was required
when using ANNS as a tool to model relationships in complex data as critical input variables
may need to be removed to improve the quality of fit. This is due to the ‘black-box’ nature of
ANNSs. Modelling of the other granule properties were not considered accurate enough to be

of practical use.
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Chapter 1 Introduction

Granulation is a physical process whereby a large number of fine particles adhere to one
another to form a smaller number of larger particles, known as granules.

Many products in everyday use consist of, or are at some point during their manufacture, a
powdered product. Often it is important to control the physical properties of these powders.
One way to achieve this is to use granulation.

Granulation is part of a larger group of processes that constitute agglomeration.
Agglomeration is a process that occurs in nature. Small particles can agglomerate without any
external assistance under the influence of Lifshitz-van der Waals force. This happens because
it leads a to reduction in their surface energy (Kendall et al. 1998). However, agglomerates for
commercial use are usually formed by applying mechanical force to a powder and possibly
the use of a liquid binder.

Agglomeration has been used for many years as a method for improving the properties of
many different types of product. Forms of agglomeration have existed for many centuries in
crafts such as pottery and glassmaking. Solid moulded forms containing medicinal ingredients
can be traced back at least 1000 years (Capes 1980).

Granulation is used in a wide range of industries, most frequently in the metallurgical, food,
chemical and pharmaceutical industries, to improve the properties of powdered masses. These
industries are concerned with the processing of finely divided, powdered solids and find it

advantageous to carry out size enlargement by some method of agglomeration or granulation.

The objectives of granulation in the field of pharmacy are (Schwartz 1988):
e Increased particle size
e Increased flow
e Increased compressibility
¢ Densification
e Production of generally spherical, uniform sized particles

e Production of hydrophilic surfaces

Low speed z-blade mixers, or double arm kneaders and planetary mixers with exchangeable
bowls were previously used frequently in the pharmaceutical industry for granulation. In the
1960’s, fluidized bed granulators were introduced, and since the 1970’s high shear mixers

have played an important role in the pharmaceutical industry (Kristensen et al. 1987).
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High shear granulators have the advantages of being fast, able to handle solids with a wide
range of sizes and liquids of high viscosity. High shear granulators produce denser granules
than other granulation techniques. This can sometimes lead to problems such as poor
dissolution, as a result of poor disintegration, and low tablet mechanical strength, as a result
of poor deformability/fracture properties. High shear granulation can also be sensitive to
processing conditions and the properties of the raw materials that are used.

Granulation is a well-studied process and much is understood about individual processes that
occur during granulation. However, researchers still work in this area because of a remaining
need to understand the complex interactions between constantly changing critical variables in

the process.

1.1 Current Knowledge and areas of interest in this study

Much of the literature shows that many researchers working in the area of agglomeration have
tried to correlate certain material properties and processing variables to final granule
properties. Some work has shown promise in modelling certain aspects of granulation, whilst
other areas of research have investigated restricted models that give good correlation to
granule properties under special conditions. No study on high shear granulation has tried to
identify as many of the critical indicators of granule properties as possible and tried to
incorporate them into one model.

The main aim of this study is to identify and incorporate into one model, as many of the
critical variables as necessary to be able to predict final granule properties.

The mechanisms governing agglomeration arising from the forces acting between particles,
the agglomerates and the vessel walls are poorly understood. This is partly due to lack of
instrumentation for adequate system characterization, but also due to the computing power
required to model the millions of interactions between particles with non-uniform properties.
Modelling of agglomeration systems has previously been performed on the basis of empirical
relations or under self-imposed limitations (Simons 1996).

Perhaps a promising approach to the modelling of multi-phase agglomerating systems is the
use of computer simulations. Computer algorithms have allowed for increasingly more
realistic simulations and these have allowed a greater number of interactions to be studied
(Simons 1996). However, the main limitation currently is the processing power required to
take into account all the mechanisms that govern the interactions that take place during
granulation.

The approach taken in this study is non-mechanistic, with the aim of identifying variables that

allow the prediction of final granule properties. This is a more practical approach and is
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essentially empirical. However, if a model generated by this approach is successfully
predictive it may be possible to gain some mechanistic information about the granulation
process. Hence, it is important to have an understanding of the underlying mechanism of
granulation.

Predictive variables that were identified in the literature as critical were selected for use in the
model. The following section surveys this literature and aims to show that investigating

multiple variables may provide a more complete method of predicting granule properties.

1.1.1 Fundamental Processes

1.1.1.1 Interparticule bonding in agglomeration
The bonding forces between primary particles in granules were first investigated and reported
by Rumpf (1962) and subsequently by Kapur (1978). Five particle-bonding mechanisms were

described in the formation of granules.

Capillary bonds due to capillary pressure and interfacial energy.
o Pendular, funicular, capillary or liquid envelope bonds
e Solid bridges
o Inorganic bonding
Chemical reaction
Crystallisation

Melting at point of contact due to friction or pressure

O O o O

Sintering
e Cohesion and adhesion due to liquids with limited mobility (different to capillary
bonds as no bridge is formed because the liquid layer is very thin and/or viscous)
o Viscous binders
o Adsorbed liquid layers
o Attractive forces
o Molecular forces (e.g. van der Waals forces)
o Electrostatic or magnetic forces
e Mechanical bonds

o Interlocking
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