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Int rodu ction

During processing of thermoplas-
tic crystalline polymers, the solid-
ification conditions are very dras-
tic. Knowledge of material be-
haviour assessed through stan-
dard equipment is restricted to
very narrow temperature, time
and deformation rate ranges. In
particular this holds for its struc-
ture development. From the tech-
nological point of view the mor-
phology of the solidified product
and the molecular composition
are the main determining factors
of the mechanical properties.

Objectives

2 investigate the mechanisms
of solidification of semi-
crystalline thermoplastic
polymers.

2 development of a numerical
model for the crystallisa-
tion under flow of semi-
crystalline polymers.

Theory

fig . 1 A crystalline structure

For a semi-crystalline polymer it
is impossible to reach full crys-
tallinity, because of the long
molecular chains. An amorphous

region is present between the
crystals (fig.1). In the crystals
crystalline regions are present as
the spokes of a wheel.

Modelli ng

A model used to calculate the de-
gree of crystallinity ξg is [1]:

ξ̇g = G(t)φ1(t)e
−φ0 (t)

φi (t) = G(t)−1φ̇i−1

φ̇3(t) = 8πα(t)

As an example, for a strip the
temperature and degree of crys-
tallinity are given (fig.2 and 3):
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fig . 2 Temperature as a function
of time in the thickness for different
points (0-4 sec.:filling stage).

0 5 10 15 20 25
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

scaled thickness   [−]

d
e

g
re

e
 o

f 
c
ry

s
ta

lli
n

it
y
  
 [
−

]

time

fig . 3 The degree of crystallinity as
a function of time.

Experimental

An experimental setup is devel-
oped to measure the specific vol-
ume as a function of pressure,

temperature, volume and cooling
rate (fig.4). In this way the degree
of crystallinity can be calculated:

ξg.ρcr ystal + (1−ξg ).ρamor ph. = ρmeas.
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fig . 4 The experimental setup

Materials involved

2 Stamylan HDPE by DSM,

2 Daplen PP by PCD Polymere,

2 PB by Shell,

2 PET by Sinco Engineering.

Discussion

For a realistic description of the
crystallisation process, advanced
theoretical models and experi-
ments are combined. Results will
be implemented in the numerical
tool VIp.
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