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Introduction
Interesting phenomena have been observed in flow-induced
crystallization (FIC) of polymer melts. One of the most strik-
ing is the ease with which they can be called to order. You
don’t need a hammer and a booming voice; a few seconds of
flow will do the trick! This is very useful in polymer process-
ing, so let’s see if we can understand and model it.

Material and experiments
The material considered here is a linear isotactic polypropy-
lene (iPP). Figure 1 shows its morphology, as seen under an
optical microscope, after different shear histories:

Figure 1Morphology of iPP, 120s after shearing at T = 135◦C, with

γ̇ = 60s−1 and ts = 1s, 3s, 6s, increasing from left to right [1].

The number of spherulites increases tremendously. Further-
more, if the flow is strong enough, oriented crystallites ap-
pear. Mainly spherulitic morphologies are considered here.
Optical microscopy [1] and oscillatory shear rheometry [2]
data, for different shear rates γ̇ and shear times ts at T =
135◦C, are used to validate a multi-scale FIC model [3].

Modeling
The main assumptions, used in the model, are:

� The creation of noncrystalline ordered nanostructures
in the melt, called precursors, is promoted by stretch
of the slowliest relaxing chains.

� The number of flow-induced precursors saturates.
� Precursors are physically crosslinking (PCL) the melt,

increasing its longest relaxation time (Figure 2, left).
� Precursors nucleate at a time scale, practically infinite

during flow and zero afterwards, as in a quiescent melt.
� The initially pointlike nuclei grow into spherulites.
� A nucleus acts as a filler particle, rather than a physical

crosslink, if its radius R ≥ R
∗. We assume R

∗
= 0.
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Figure 2 Left: G′(ω) for isotactic poly(1-butene) at different degrees

of space filling [4]. Right: G′(t)/G′

0 for iPP after shear [2]. Corre-

sponding results from Figure 3 (lines) scaled according to Eq. (1).

Results
All nuclei appear at t = ts so the spherulites have equal radii,
as seen in optical microscopy. Their numbers are reproduced
quantitatively for different shear flows (Figure 3).
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Figure 3 Calculated number density of precursors Np (dashed lines)

and nuclei Nn (solid lines) for different shear histories [3]. Dia-

monds are spherulite number densities from optical microscopy [1].

The rheometry data show that the storage modulus G′ in-
creases during flow, relative to its initial value G′

0
and, at

least for the shorter shear times, hardly changes after flow
until the onset of space filling (Figure 2, right). This can be
explained as a PCL effect and is described qualitatively by

G′

G′

0

= 1 + b (Npf + Nnf ) , (1)

whereNpf andNnf are the number densities of flow-induced
precursors and nuclei and b is a scaling parameter (Figure 2,
right). According to our bold assumption, however, nuclei do
not act as physical crosslinks. The PCL effect thus vanishes
abruptly at t = ts. If G′ is scaled, like the longest relaxation
time, with Npf + Nnf (R < R∗) and fitted to rheometry data
by R∗ > 0, then Nn approaches its final value slowly, so that
R becomes nonuniform. This contradicts observations.

Conclusion and future work
The increased G′ after flow may be due to ‘dormant’ precur-
sors, which act as physical crosslinks, but are too small to
become nuclei unless the temperature is sufficiently lowered.
This hypothesis, with implications for the modeling of non-
isothermal FIC, will be investigated in the near future.
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