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value of transmission and extinction (1 and 0) because of depolarization [60]. At long
times, high levels of depolarization cause measured intensities to go towards a value of ~

0.5 (D).

In contrast, a specimen that doesn’t develop oriented crystallization (Figure 3.7,
all curves for o, = 0.081 MPa, and experiments at intermediate c,,’s with shortest t5’s)
shows no upturn during flow, there is essentially no residual birefringence after cessation
of flow, and there is no measurable birefringence during the experiment (although at long
times, depolarization due to isotropic crystallization can become high enough for the

measured intensity to reach D).

Indeed, by comparing Figure 3.7 and Figure 3.5, experiments with upturns are
always followed by peaks and valleys and always provide an oriented skin or a line-skin.
The upturn has been shown to arise from the creation of oriented of thread-like precursors
during flow [67]. However, for our iPP, growth of kebabs may be contributing to the
upturn as well at the highest o, and longest ts. For example, for the highest 6,, = 0.134
MPa and longest ts = 3 s (Figure 3.7), birefringence goes over orders during the shear
pulse, suggesting that oriented lamellae growth is contributing to the signal also. It
should be noted that for this particular experiment, a significant drop of the turbidity
signal appeared during the shear pulse (Figure 3.10) with a half-time of only 3.5 seconds .
Therefore, a significant amount of crystallization may be occurring already during the

shear pulse, and could potentially be affecting flow.

In general, upturns become more subtle at lower imposed o, and finally are

absent for the lowest stress levels. Since the birefringence measurements track the real-
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3.1.5 Retardation

Retardation is calculated using equation (6), and maxima and minima are plotted
as explained in section 2.3.3. The computed retardance (Figure 3.12) reveals that a knee
and plateau occur for experiments experiencing orientation (ie: experiments with at least
one maxima in birefringence); however, such knee and plateau shape are never found for
non-oriented samples. This curved shape of retardation would mostly originate from the
impingement of kebabs growing off neighboring highly oriented crystallites which affect

the overall oriented crystallite growth [60].
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Figure 3.12 Real-time retardation development for iPP.
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Figure 3.29 Viscosity versus true shear rate.

3.4 The Blacklayer

Some flow-induced crystallization samples for Raco3 and Raco7 exhibit a black
layer that appears dark under cross polarizers when aligned at 45 degrees with respect to
P and bright when parallel to P (opposite to the behavior of highly oriented skin layers,
Figure 3.17 A) and D) ). The fact that the black layer appears bright when oriented along
the P directions indicates that there it has an oriented structure. It is interesting to note
that if a section is obtained perpendicular to flow (in the plane perpendicular to v and
Av), the black layer appears bright when oriented at 45° to P (Figure 3.30), instead of
dark as the skin would appear (Figure 0.15) Black layers are never found for iPP (Figure
3.5). For Racog3, it is observed under low stresses and ts such t; <1 s and o,y < 0.093MPa

and for Raco7 is is found at t; < 1 s and o < 0.104MPa (Figure 0.10 and Figure 0.11 in
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Figure 0.5 Measurements of birefringence for Raco7 for several ow and ts.
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Figure 0.6 Measurements of turbidity for Raco3 for several ow and ts.
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Figure 0.7 Measurements of turbidity for Raco7 for several ow and ts.
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Figure 0.8 Measurements of retardance for Raco3 for several ow and ts.
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Figure 0.9Measurements of retardance for Raco7 for several ow and ts.

3000

121



123

awn buripays

Q
=
W
>
0
Q
-
W0
—
-
0
0
0

Figure 0.11 Micrographs of samples cuts of Raco7 ordered by shearing time and shearing stress.



