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Abstract

The granulation is the technological process of agglomeration in which
small dust particles are joined together and made to adhere to each
other in order to obtain particles of greater sizes called granules.

This process allows to overcome the problems related to the poor
compressibility and the flowability of the powder particles.

In particular, wet granulation provides for the use of a binding agent and
it is a combination of several steps: wetting and mixing, nucleation and
coalescence, consolidation and breakage. These steps normally occur
simultaneously in the granulation environment and help to influence the
properties of the granules. A following drying phase is necessary to
remove the solvent and to stabilize the granular product.

Today the wet granulation processes are very important from an
industrial point of view, especially considering the main areas of use,
such as the pharmaceutical, nutraceutical, food and zootechnical
industry. Just considering the different fields of application it is
important to study and optimize all the parameters at the base of the
granulation process.

In this regard, the monitoring methods of the PSD (Particle Size
Distribution) have taken particular interest during the granulation
processes. Among these, the Dynamic Image Analysis (DIA) technique
offers the advantage of analyzing many particles in a relatively short time
and ensuring a good representation of the population in dimensional and
morphological terms.

In this thesis the multi-step wet granulation process of HPMC powders
has been studied, that includes a first granulation step and a second
drying step. The aim of the thesis work has been the analysis of the
effects of the main process parameters on the wet granulation step and
on the drying one in order to optimize them. The dynamic image
analysis technique for monitoring the PSD evolution has been

[XV]
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necessary for the evaluation of the dimensional characteristics of the
granulates. About that it has been very important the study of the
particles cumulative distributions and the distribution densities to
evaluate the yield of the respective processes.

Today, particular attention is also given to the development and the use
of mathematical models because they allow to describe, predict and
generally understand the granulation processes better. In this thesis
work the modeling part has been studied by using a statistical and
mathematics analysis software, Design Expert.

Therefore, thanks to the experimental campaign organized through the
"Design of Experiments” technique and thanks to the statistical-
mathematical modeling realized with the technique of "response
surfaces", it has been possible to quantify the impact of each process
parameter analyzed on the system's response. In this way it has been
possible to optimize the whole process through the appropriate choice
of operating conditions so as to maximize the yield and, at the same
time, reduce the total process time (from the initial 32 minutes to the 15
minutes, determined by the optimization). In this way it was possible to
optimize the whole process through the appropriate choice of operating
conditions so as to maximize the yield and, at the same time, reduce the
total process time (from 32 minutes to 15 minutes determined by the
optimization).
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