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Shear-Induced Smectic Order in Isotactic Polypropylene Revisited
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ABSTRACT: We provide evidence that earlier reported smectic ordering in the melt of isotactic polypropylene
is not intrinsic to the system but results from the presence of small quantities of calcium stearate. No causal
relation exists between this effect and the crystallization properties of iPP.

Introduction Table 1. Characteristics of the Samples Used
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molecules in a polymer melt are affected if the system is e p— - 150 %0 "5 03
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subjected to external flow. As a result_, the structure and DMS55pharm  Borealis  — 9 540 59 28
morphology as well as the associated kinetics of subsequent Yanshan  + 100 370 37 11
crystallization will be strongly influenced. Recently, several

reviews have appeared in this fiéic? The various models  sjtuation can be described in an approximate way as a lamellar
associated with these processes have in common that crystalsmectic phase. Between 170 and F&additional hexagonal
lization of polymers is assumed to be preceded by the formation reflections appear, indicating a rearrangement of the head groups
of some form of ordered precursdrsvhich process has been  of the calcium stearate into a two-dimensional hexagonal lattice.
the subject of intense research. In that context our group hasfigure 1 displays how these phase transitions are reflected in
published results indicative that isotactic propylene (iPP) forms the smectic layer period of calcium stearate. These variations
weak smectic structurés; attributed to a coitrod transitiod are mirrored in the smectic periodicity observed in iPP, pointing
under the influence of the applied shear. The increase in thestrongly to a common origin. The discrepancy in the period
speed of crystallization under shear was assumed to be relate¢an be attributed to differences in hydration and/or pufity.

to this ordering. In this paper we report a revision of this Figure 2 confirms this interpretation: only if calcium stearate
interpretation. It turns out that the X-ray peak associated with has been added to iPP, the smectic peak is found. For this peak
the smectic ordering is due to the presence of small concentra-to be observable the calcium stearate must be poorly dispersed,
tions (about 0.30.2%) of the additive calcium stearate, which  |eading to relatively large clusters of at least 20 smectic layers.
was not recognized at that time. In the following we report  The presence of additives in commodity polymers like iPP
expel’imental results Ieading to this conclusion in the context is known to be quite common but is seldom properly Speciﬁed_

of the role of additives on crystallization. This is due to a lack of control/knowledge about these details,
. ) which is often related to industrial secrecy about recipes. In
Experimental Section our case we had been explicitly informed that the iPP as received

Commercial iPP was obtained from Sabic Europe, Borealis, and contained only stabilizer (antioxidant) without which high-
Yanshan Petrol Co., with properties as given in Table 1. Calcium temperature studies are difficult if not impossible. Only in a
stearate was obtained in pure form from Fluka and of industrial much later stage it became clear that with the stabilizer small
quality from Borealis. Small-angle X-ray scattering (SAXS) was quantities (0.10.2%) of calcium stearate had been included.

performed employing an in-house setup as described before, The function of the calcium stearate is to act both as release
equipped with a modified Linkam CSS450 temperature-controlled

shear system as sample stage. Some additional results were obtained

at beamline ID2 of the European Synchrotron Radiation Facility 50 i
(ESRF, Grenoble). 450 T Sa
\ﬁ Ay
Results and Discussion 40t \\
Calcium stearate belongs to the classical metal soaps that have T 35) \ i SN
been extensively studied for their lyotropic liquid crystalline % x
ordering in solution. The relevant phase transitions of pure 3.0 R
calcium stearate are as follo8etween 100 and 11%C the i \
aliphatic chains of the crystalline lamellar structure melt while ’ o
the head groups form an orthorhombic structure of disks. This 2.00 o0 200 200
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t Eindhoven University of Technology and FOM Institute for Atomic ~ Figure 1. Temperature dependence of the smectic layer period of
and Molecular Physics. calcium stearate (top curve) and of iPP (Yanshan) with calcium stearate
+ESRF. additives (bottom curve).
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Figure 2. SAXS results of a crystallized iPP sample (Borealis) at room
temperature with only stabilizer (bottom curve) and with additionally
0.16% calcium stearate mixed in (top curve).
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Figure 4. Quiescent crystallization of iPP (Borealis) at 129 after
5 min annealing at 212C: open symbols, iPP with only stabilizer
added; filled symbols, with additionally 0.16% calcium stearate.

information on the properties of commercial polymers. The
literature in this field contains many data that are difficult to
compare because of a considerable variation of experimental
parameters like molecular mass and its distribution and the
possible presence of various additives. Also, any change in the
molecular mass distribution during annealing at relatively high
temperatures has hardly been investigated, though the high-
molecular-mass tail of the distribution is known to have an
appreciable influence on shear-induced crystallizatidiks-
sentially there are two ways out of this dilemma, which are
only beginning to be explored. The first is the use of well-
characterized model materidfsAlternatively, one can start from
completely pure commercial materials and systematically mix
in various additived?

In conclusion, the earlier reported changes under shear in both
the speed of crystallization of iPP and the intensity of a smectic
X-ray peak are only correlated because both originate from the
same applied shear. However, there is no causal relation between
the two effects.
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Figure 3. iPP pellets (as received from Sabic): (a, top) heated up to discussions. This work is supported by the Dutch Polymer
219°C showing in the melt a ring corresponding to smectic layers of Institute under project no. 453.
~4 nm; (b, bottom) after subsequent shearing in a Couette cell with

0.1s'for6s.

agent and as acid scavenger catching acid parts left over fro
the catalyst that could affect the metal of the extruder.
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