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Cast-Extruded Syndiotactic Polypropylene Films:

Preliminary Structural and Mechanical Results
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Summary: Syndiotactic polypropylene (sPP) was cast-extruded with a
laboratory single screw extruder, obtaining a crystalline and still highly
transparent film.

The structural studies showed that the film crystallized at room temperature
in the disordered helical form I, containing a fraction of a mesophase with the
chains in trans-planar conformation. X-ray patterns, taken either along the
extrusion direction (MD) or along the orthogonal directions (TD and ND),
indicated a low orientation of the ¢ axis parallel to the machine direction
(MD) and a partial orientation of the a axis along the transverse direction
(TD). Mechanical properties performed in either direction showed a very
similar behaviour, but a different strain at the breaking point. The mechanical
parameters were derived in both directions.

Introduction

The use of new metallocene catalysts in recent years has allowed a very rapid

development of polymers with a wide range of structures and related properties,
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depending on the processing conditions. Among them syndiotactic polypropylene (sPP),
recently obtained with high tacticity and high molecular weight', is receiving a great
attention owing to its new properties respect to the isotactic isomer. In the case of sPP
the difficulty of correlating the physical properties to the structural organization, as
determined by the processing procedures, is principally due to its very complex
polymorphic behavior, not yet fully clarified*!® .

Four crystalline forms of sPP have been described so far, characterized by either different
chain conformation or crystalline packing. Form I and form II are characterized by chains
in helical conformation*’, whereas form III and form IV present chains in trans-planar
and (T¢G2T2Gy)n conformations, respectively®. Furthermore, depending on degree of
stereo-regularity and on the mechanical and thermal history of the sample, different
amounts of disorder in the crystalline packing can be evidenced'®"’.

Beside the crystalline phase structure, and the presence of disordered phases, an
important parameter to be taken into account is the orientation state of either the
crystalline or the amorphous phase. This parameter largely dictates the performance of
semi-crystalline samples, processed in conditions in which orientation can develop'32'.

In this paper we present some preliminary experimental results about the structure and
the mechanical properties of sPP films obtained by “cast-extrusion” process. This is an

industrial process in which some orientation and better properties can be achieved.

Experimental

Syndiotactic polypropylene (sPP) was cast-extruded with a laboratory single screw
extruder at 200°C into a film 30 pm thick (sample CE).

Fiber X-ray diffractions spectra were obtained using a PHILIPS PW 1710 Powder
Diffractometer (Ni-filtered Cu K, radiation) operating under vacuum by means of a
cylindrical camera with a radius of 57.3 mm. The imaging plate FUJl BAS-1800 system
was used to record the diffraction patterns.

The infrared spectra were obtained in absorbance by using a FT-IR BRUKER IFS66

spectrophotometer with a resolution of 4 cm™ (32 scans collected).
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Differential scanning calorimetry (DSC) results were obtained using a METTLER TA
4000-DSC 30 thermoanalyzer purged with nitrogen and chilled with liquid nitrogen for
sub-ambient measurements. Temperature range was —100°C/200°C at a heating rate of
20°C/min.

Birefringence results were obtained using a polarizing optical microscope JENAPOL
equipped with Eringhause compensator.

Mechanical tensile properties were analyzed with an Instron 4301 Dynamometer.
Samples of film of 120 x 10 mm x mm were cut in both machine and transverse
direction. Cross head speed and grip distance were set at 50 mm/min and 100 mm

respectively.

Results and Discussion

Structural Organization

In some cases, the cast-extrusion can produce a film with an uniplanar orientation: to
investigate this possibility, the X-ray patterns have to be taken along the extrusion
direction (machine direction, MD) and along the orthogonal directions (through direction
ND and transverse direction TD). The X-ray diffraction pattern of the cast-extruded
sample (CE) obtained along the MD direction shows only Debye-Sherrer rings. In Fig.1
we show the X-ray diffraction pattern of the cast extruded sample (CE) taken along the
ND direction. The same pattern is obtained along TD direction.

All the reflections, the spacing and the diffraction angles 29 correspond to the disordered
form 1. In both patterns, Debye-Sherrer rings from (200) reciprocal plane are the most
prominent, showing a maximum of intensity along the equatorial plane. As a matter of
fact, only the (200) reflection of the helical form I, corresponding to 12.3° of 29 is
polarized along the equator, indicating a partial orientation of the a axis along the
transverse direction (TD) perpendicular to the machine direction (MD). The second
reflection, indexed as 010 of form I and corresponding to 15.9° of 238 is not polarized,
whereas the third reflection corresponding to 20.8° of 28 and indexed as (111) of form I

shows a very low polarization along the first layer, corresponding to the helical identity
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period of 7.45 A. This indicates a low orientation of the ¢ axis parallel to the machine

direction.

Fig 1. X-ray diffraction pattern of sample CE along ND direction

It is worth noting that the second reflection, at 15.9° of 29, is not sharp, showing a
diffuse halo at 17° of 28. This reflection, already found in samples crystallized at low

temperatureszz'25

, was attributed to a trans-planar mesophase, containing lateral disorder
in the packing of the chains. This phase was probably formed, in a small fraction, during
the rapid cooling of the cast-extruded film at room temperature.

To confirm the partial presence of chains in trans-planar conformation, in Fig.2 we show
the FTIR spectrum in absorbance (1300-700 cm™) of sample CE.

Infrared analysis is very sensitive for the chain conformation determination: as a matter
of fact helical and trans planar bands have been evidenced since the first preparation of

the syndiotactic isomer of polypropylene”®?’.
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Fig 2. Infrared spectrum of sample CE

We observe that the bands of the helical form of sPP, appearing at 810, 868, 977, and
1005 cm’, are present and well developed, but the trans-planar bands at 831, 963, and
1132 em™ are evident too, although of reduced intensity, indicating that a small fraction
of chains organized in a different conformation. Therefore, during the extrusion process,
the film crystallizes at room temperature prevalently in the helical form I, and still
containing a fraction of mesophase with the chains in trans-planar conformation.

In Fig.3 the thermogram obtained in the differential scanning calorimeter (DSC) is

reported.
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Fig 3. d.s.c. thermogram of sample CE



28

The curve shows the melting peak with the maximum at 124.5°C, and a melting

enthalpy, AHpn, = 30.5 J/g. This value corresponds to a crystallinity of 16% , obtained

128

using for AH, the value of 8 kJ/mol™. At lower temperatures we observe the deflection

from the baseline, due to the glass transition, appearing at about 5.2°C. Afterwards, a

second deflection, appearing as a small endothermic peak, centered at 52.8°C, is evident
in the curve. It was already associated to the melting of the mesophase®™? : also in this
case the X-ray diffractograms as well as the FTIR spectra suggest that there is in the
sample a fraction of material neither in the helical crystalline nor in the amorphous state.
The orientation of the cast extruded film was investigated by birefringence
measurements, performed on different strips cut along the film width. This procedure
was followed because in the cast extrusion process a different orientation can be
achieved in the central part of the film, respect to the lateral strips.

In Fig.4 we show the birefringence, An, as a function of the distance from the center of

the film.
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Fig 4. Birifrangence index along the width of the film

We can observe that the experimental points fit the same straight line, whose mean value
is 5.3 x 10”. This result indicates that the orientation is not very high, as already shown

by the X-ray patterns, and it is uniformly distributed along the width of the film.
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Mechanical Properties

Representative stress-strain curves, performed both in the machine direction (MD) and in

the transverse direction (TD), are shown in Fig.5.
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Fig 5. Sress-Strain curves along MD and TD directions

In Table 1 we report the average mechanical parameters of the material. We can observe
that almost all the mechanical parameters are very similar in either direction. In particular
the elastic moduli are the same, in the experimental error, and the yield stress is very near
in the two directions. Only the strain at break is very different, being 5% for sample CE-
MD and 11% in the transverse direction (sample CE-TD), indicating that the chain
arrangement is different in the two directions.

In spite of this large difference, the stress of breaking is just the same, that is 6.4 MPa.



30

Table 1

The elastic modulus, E (Mpa), the yield stress o, (Mpa), the breaking stress o, (Mpa)
and the draw ratio of breaking A4 for sample CE tested along the machine direction (CE-
MD) and in the transverse direction (CE-TD).

Sample E (MPa) o,(MPa)  o,(MPa) A
CE-MD 234 7.8 6.4 5
CE-TD 228 7.5 6.4 11

This work was supported by Ministero dell’Universita e della Ricerca Scientifica e
Tecnologica MURST (PRIN 2000 “Catalizzatori di coordinazione e polimeri a
struttura mirata™).
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