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Abstract

This work thesis is part of a research project that has as object the study
of an industrial wet granulation process, which is used to produce
particulate material, increasing its dimensions compared to the initial
ones. This process is widely used in the industrial sector, because the
size growth is advantageous in terms of material handling and
workability. The overall process takes place starting from the granule
formation mechanism from the fine powders, with a subsequent drying
of the wet solids and the final crushing of the coarse material, in order
to uniform the useful product. Therefore, the process is made of four
fundamental unit operations: granulation, drying, separation and
milling. These unit operations have been described by mass balances
on the solid and water, considering the dimensional distribution of the
solid fraction (PSD).

In particular, the granulator was modeled through discrete
one-dimensional population balances, considering the system as
"perfectly mixed™ and including only the coalescence phenomenon. The
dryer was described only through mass balances, fixing the humidity of
the dried solids to the design value and describing the breakage
phenomenon involving the granules during the drying phase. The
separation of the currents leaving the dryer by vibrating screens was
described by semi-empirical equations, taking into account the non-
ideality of the separation. Finally, the action of the mill, in which the
breakage phenomenon is maximized, was described by a
semi-empirical equation, as it was done in the dryer. This model,
composed of 617 algebraic equations (11 currents per 55 classes to
describe solids and 12 currents for the liquid) was used to perform a
parametric study to understand the effect of the 13 modeling parameters
on the response. This analysis, useful to emphasize the importance of
the individual parameters, allowed to reduce them to 9. With the aid of
a pattern search based optimization algorithm, the reduced parameters

[X1]
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model was used to describe the experimental data coming from the
facility. The description was more than satisfying and made it possible
to state that this model has good descriptive characteristics. Future
developments may be aimed at linking the model parameters to the
experimental ones, aiming at formulating a predictive model.
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infinita disponibilita e [’affetto dimostratomi costantemente, anche
quando sono scomparsa per giorni sommersa dai libri e dall’ansia per
gli esami. Ringrazio Fabiana, per la nostra amicizia che nel tempo e
rimasta sincera e duratura, per tutti i momenti memorabili trascorsi in
compagnia, per il supporto e [’ascolto quando ne ho avuto bisogno.
Desidero ringraziare Anna, Antonella, Lois, Tonio, Roberta e Vincenzo
(RobEnzo), Simone, senza la loro presenza questi anni sarebbero stati
pill noiosi e non cosi indimenticabili. Ovviamente ringrazio anche tutti
gli altri componenti del meraviglioso, unico ed inimitabile gruppo
IUPAC, perché ognuno di loro mi ha regalato momenti straordinari
condivisi durante questi anni, siete mitici e rimarrete tutti nel mio
cuore! Desidero ringraziare Michele, senza il quale mi sentirei
incompleta, per essere stato sempre e comunque al mio fianco e per il
supporto morale che ho ricevuto, superando insieme qualsiasi
difficolta, spronandomi a credere in me stessa e ad affrontare i momenti
difficili in questi anni. Rappresenti la mia meta, sei un punto cardine
della mia vita su cui poter sempre contare, insieme al quale poter
sognare, con cui sono cresciuta e grazie al quale ho imparato ad amare
incondizionatamente.



