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Abstract

Granulation is a process largely applied in various industrial sectors,
it consists in the agglomeration of fine powders into granules using a
liquid binder. In particular, wet granulation is a combination of three
process steps (nucleation, agglomeration and breakage), which
normally occur simultaneously in the granulator and contribute to
influence the properties of the obtained granules. Recently, particular
interest has been given to the methods for monitoring the evolution of
the PSD (Particle Size Distribution) during the granulation processes.
Among them the Dynamic Image Analysis (DIA) technique has the
advantages of analyzing many particles in a relatively short time
(depending on the computational power), ensuring a good
representation of the population in terms of size and shape. Also, the
development and use of mathematical models in this field have received
special attention, mainly because they allow to describe, predict and in
general better understand the process.

In light of that, in this thesis the first part was devoted to the hardware
and software development of a DIA-based device, whereas the second
part was devoted to the development and implementation of a wet
granulation mathematical model. Both the DIA-based device and the
mathematical model were used to analyzed and describe a wet
granulation process carried out in a lab scale granulator.

In particular the DIA-based device was built according to the standard
ISO (ISO 9276-6:2008 and 13322-2:2006), and based on the free-
falling particles scheme. This exploit the natural dispersion achieved
during the free falling of the particles to obtain pictures/frames/video
analyzable with the aid of a PC. In the device built during this thesis,
the granules, loaded in a hopper, are forced to move onto an inclined
plane thanks to the vibration of an Eccentric Rotating Mass (ERM)
vibrating motor. At the end of the plane the particles fall while a CCD
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camera records their passing. Each frame (30 FPS) captured by the
camera is digitized and analyzed in MATLAB thanks to a script
developed in this work. It is possible to calculate the size and the shape
of each particle. The results of the device were validated against
powders with known PSD. Millions of particles, in the range 60 um to
2 cm, were easily analyzed within few minutes allowing a solid statistic
representability of the results.

During the second part the attention was focused on the development
and implementation of a mathematical model of a batch wet
granulation process based on a discretized form of the one-dimensional
Population Balance Equations (PBEs). To fully describe the
phenomenology of the process the phenomenon of agglomeration,
breakage and nucleation were considered. The model consisted in a
system of 60 Ordinary Differential Equations (ODEs), one for each
particle size class, which were implemented and solved numerically in
MATLAB. The model capabilities were shown within a parametric
study in which the evolution of an initial Gaussian-type PSD, subjected
to a “virtual” granulation process, was shown.

Finally, the DIA-based device was used to analyze the PSD evolution
during the wet granulation process of HPMC with water, curried out in
a lab scale granulator. The experimental PSDs were used to prove the
model capabilities in describing a real granulation process. Thanks to
an optimization procedure, based on the pattern search method, the
model parameters capable to properly describe the experimental data
were evaluated, proving that all the phenomena (nucleation,
agglomeration and breakage) were present and relevant in the process.
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