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PROCESSI INDUSTRIALI DI POLIMERIZZAZIONE

1) In massa
2) In soluzione
3) In sospensione 
4) In emulsione



Premessa: Soluzioni, sospensioni ed emulsioni

Soluzioni Sospensioni o colloidi Emulsioni
Solvente + Soluto Fase liquida A 

+fase solida o liquida B 
+colloide

Fase liquida A+ Fase liquida B
+surfattante



PROCESSI INDUSTRIALI DI POLIMERIZZAZIONE: TERMOPLASTICI

1) In massa
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Vantaggi
v Elevata purezza 
v Elevato grado di polimerizzazione e peso molecolare
v Assenza di residui (processo pulito)

Svantaggi
v Difficile controllo della T e smaltimento del calore
v Aumento della viscosità, difficile rimozione dei sottoprodotti
v La cinetica di reazione non è costante

Adatto a Reazioni a stadio

Esempi di polimeri prodotti in questo modo: PS, PMMA Nylon 6, PET e PC.



2) In soluzione
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Vantaggi
v Posso controllare il peso molecolare attraverso 
l’aggiunta di monomero e iniziatore
v Il calore di reazione può essere controllato attraverso 
evaporazione e condensazione

Svantaggi
v Il solvente può favorire la terminazione della reazione 
per trasferimento di catena, causando una riduzione del peso 
molecolare
v La reazione procede lentamente
v Difficile rimozione del solvente

Utile per rivestimenti a base di solventi e adesivi, oltre che per ricerca



3) In sospensione 

Vantaggi
v Il polimero può essere facilmente separato 

dalla fase liquida
v Si ottengono sfere di polimero

Svantaggi
v Richiede agitazione meccanica
v Tempi lunghi di polimerizzazione



4) In emulsione

Vantaggi: 
v Non c’è necessità di agitazione meccanica
v Polimeri ad elevato peso molecolare 

possono essere ottenuti rapidamente

Svantaggi:
v Difficile separazione tra fase liquida e 

polimero Es. latex



GRADO DI POLIMERIZZAZIONE
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amplitude increase allows the molecules to move more freely, enabling the mate-
rial to flow at the macroscopic level.
Another important point is that as solvents are introduced between the molecules, 
the inter-molecular separation increases, which leads to a reduction in stiffness. 
This concept can be implemented by introducing plasticizers into the material, thus 
lowering the glass transition temperature below room temperature and bringing 
out rubber elastic material properties.

 � 3.3 Molecular Weight

A polymeric material may consist of polymer chains of various lengths or repeat 
units. Hence, the molecular weight is determined by the average or mean molecu-
lar weight, which is defined by

M W
N

=  (3.2)

where W is the weight of the sample and N the number of moles in the sample.
The properties of polymeric materials are strongly linked to the molecular weight 
of the polymer, as shown schematically in Fig. 3.4. A polymer such as polystyrene 
is stiff and brittle at room temperature with a degree of polymerization of 1,000. 
However, at a degree of polymerization of 10, polystyrene is sticky and so" at room 
temperature. Figure 3.5 shows the relation between molecular weight, tempera-
ture, and properties of a typical polymeric material. The stiffness properties reach 
an asymptotic maximum, whereas viscosity and the flow temperature increase 
with molecular weight. On the other hand, the degradation temperature steadily 
decreases with increasing molecular weight. Hence, it is necessary to find the 
molecular weight that renders ideal material properties for the finished plastic 

Figure 3.4 Influence of molecular 
weight on mechanical properties
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Chain length 
Molecular weight 

Number average 
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 Figure 3.6  Molecular weight distribution of 
a typical thermoplastic

this is equivalent to the center of gravity and the radius of gyration as first and 
second moments, respectively. The number average is defined by
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where mi is the weight, Mi the molecular weight and ni the number of molecules 
with i repeat units. The weight average is calculated using
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 (3.4)

Another form of molecular weight average is the viscosity average, which is calcu-
lated using

M
m M

mV
i i

i

=
+α α1 1/

 (3.5)

where α is a material dependent parameter which relates the intrinsic viscosity,[η], 
to the molecular weight of the polymer. This relation is sometimes referred to as 
Mark-Houwink relation and is written as

η α= kMv[ ]  (3.6)

Figure 3.7 [1] presents the viscosity of various undiluted polymers as a function of 
molecular weight. The figure shows how for all these polymers the viscosity goes 
from a linear dependence for α   1 to a power law dependence for α   3.4 at some 
critical molecular weight. The linear relation is sometimes referred to as Staudin-
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