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Abstract

In this work we present a new synthetic route to obtain elastomeric polypropylene with high molecular weight and narrow molecular
weight distribution, in the presence of TiCl,(2-OC¢H4OCH3), and methylaluminoxane catalytic system. Moreover we focused on
investigating the thermal, mechanical and rheological properties of the ELPP and its solvent fractions. The results demonstrate that the
polymers exhibit high ultimate extension and excellent elastic recovery, due to the presence of microcrystalline domains dispersed in
the amorphous phase. The elastic and viscous response has been found to depend upon the molecular weight, which changes with the
polymerization temperature. © 2002 Published by Elsevier Science Ltd.

Keywords: Elastomeric polypropylene; Titanium guaiacolate; Rheology

1. Introduction

The microstructure of polypropylene obtained in the
presence of homogeneous catalytic systems is related to the
symmetry of organometallic precursor. In particular, for
pseudo-tetrahedral compounds such as metallocenes, C,, C;
and C,, symmetry lead to isotactic, syndiotactic and atactic
stereo-sequences of the monomer units, respectively.
Recently Waymouth [1] has developed an oscillating
catalyst which changes the symmetry between C, and C,,
during the growing of the chain, producing isotactic and
atactic stereo-blocks. The polymer, which has M,, around
500,000 and M, /M, < 3, has an elastomeric behaviour
similar to the stereo-irregular fraction obtained with
heterogeneous Ziegler—Natta catalysts [2—4] and more
recently by Collette [5]. Elastomeric polypropylenes
(ELPPs) are also obtained in the presence of unsymmetrical
ansa-metallocenes with convenient substituents to achieve
the hemi-isotactic microstructure [6—9]. Recently interest
has been moved on octahedral complexes with racemic C,
symmetry. In particular Eisen and co-workers have
produced ELPPs in the presence of acetylacetonate and
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phosphinoamide complexes of group 4 [10,11]. They have
assumed that the stereo-chemical control on incoming
monomer is given either by the symmetry properties of the
organometallic precursor or by the intramolecular epimer-
ization reaction of the last-inserted monomer. They have
also showed, by *'P NMR experiment on octahedral
phosphinoamide compounds in the presence of methylalu-
minoxane (MAQ), that the reaction product has a dynamic
equilibrium between tetrahedral and octahedral configur-
ations. The interconversion between these configurations
should depend on the presence of a dynamic Lewis-base
pendant group which can donate an electron ion pair to the
electrophilic metal centre. Tetrahedral and octahedral
configurations produce the atactic and isotactic stereo-
sequences, respectively, in the elastomeric polymer chain.

In this work we present a new synthetic route to obtain
PP with elastomeric behaviour by using a catalytic system
based on TiCl,(2-OC¢H,OCHj3), and MAO. Titanium
compound which has octahedral structure and C, symmetry
was first prepared by Gau and co-workers [12] and can be
compared to the octahedral phosphinoamide compound
above mentioned.

Moreover we found of interest to investigate the physical
and mechanical behaviour of these ELPPs. In particular the
dynamic rheological properties of two polypropylenes
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obtained at different polymerization temperatures have been
analysed; the polymerization temperature has in fact a
strong effect on the molecular weight of the polymer [13]
and hence can also influence its rheological properties.
Dynamic mechanical measurements and thermal character-
ization have been carried out in order to determine the
transitions occurring upon heating and cooling and to
provide information regarding the crystalline phase. Mech-
anical tests have been performed to monitor the elastomeric
behaviour of these polypropylenes.

2. Experimental
2.1. Materials

Schlenk technique was used for all manipulations in
nitrogen atmosphere.

Aromatic and aliphatic hydrocarbons (Carlo Erba) were
refluxed 48 h under nitrogen atmosphere over sodium and
benzophenone before using. Other reagents were purchased
from Aldrich and used without purification. Toluene and
Al(CH3); present in MAO 10% (Witco) solution were
distilled under reduced pressure. The residual white powder
was washed several times with n-hexane, dried in vacuum
and stored in glove box. Deuterated solvents (Trimital) were
stored in glove box and dried with molecular sieves 4 A.
Polymerization grade propylene was purchased from
Societa Ossigeno Napoli and used without purification.
TiCl,(2-OCcH4OCH3), was prepared according to the
literature [12].

2.2. Polymerization procedure

The polymerizations of propylene were carried out in a
500 ml glass stirred autoclave at the temperatures of 25 and
50°C. 2.9 g of MAO powder were dissolved in toluene
(190 ml), 10 ml of a toluene solution 0.05M of catalyst
were added and the orange solution transferred in a
thermostatic autoclave. The nitrogen was evacuated and
the propylene was added at 5.0 bar. The flask was
continuously fed with propylene. The polymerizations
were stopped by removing the monomer and then injecting
acidified methanol. The mixtures were poured into methanol
and the polymers recovered by filtration, washed with fresh
methanol and dried in vacuum oven at 70 °C. The
polypropylene samples were fractionated by extraction
with hexane under a nitrogen blanket at the boiling point
of the solvent. The extracted polymer was recovered by
evaporation of the solvent (60 °C in vacuo).

2.3. NMR analysis
'3C NMR spectra of the polymers were recorded on an

AM 250 Bruker operating at 62.8 MHz in a Fourier
transform mode at 378 K. The samples were prepared by

dissolving about 30 mg of polymer in 0.5 ml of tetrachloro-
1,2-dideuteroethane and 0.5 ml of 1,2,4-trichlorobenzene in
the presence of hexamethyldisiloxane (HMDS) as internal
chemical shift reference.

2.4. Molecular weight determination

Molecular weight and molecular distribution of the
polymers were detected by Water 150 GPC instrument
operating at 135 °C. Five milligrams of the samples were
dissolved at 100 °C in 6.0 ml of 1,2,4-trichlorobenzene and
automatically injected for the analysis.

2.5. Thermal analysis

The calorimetric measurements were carried out on a
Mettler TC 11 differential scanning calorimeter operating
under nitrogen flow and calibrated by the measurement of
the melting point of indium. The samples were first heated at
arate of 10 °C min to 200 °C and held at this temperature for
10 min to allow the complete melting of the crystallites,
then cooled to room temperature at 10 °C min. The values of
crystallization temperature (7.) and enthalpy of crystal-
lization (AH,) were collected during these cooling runs. The
samples were then heated from — 50 to 200 °C at 10 °C min
and the results of the glass transition temperature (7,),
melting temperature (7,,,) and enthalpy of melting (AH,,)
referred to these traces are reported. Moreover in order to
investigate the kinetic behaviour more accurately the
samples were cooled at different cooling rates: 5, 10 and
20 °C min~ ' and the data obtained were analysed adopting
the Ozawa theory.

2.6. Dynamic mechanical characterization

Dynamic mechanical properties were determined on a
dynamic mechanical analyser TA Instruments DMA 983 at
the fixed frequency of 1 Hz and temperature ranging from
—70 to 100°C. The heating rate was 5°C min~' and
samples of 10 X 60 X 1.2 mm® were used.

2.7. Mechanical characterization

Mechanical tests were performed on an Instron Universal
Testing Machine Mod. 4301 (Instron® Ltd, UK) equipped
with a 1-KN tension load cell. Samples for mechanical tests
were made by thermal compression moulding of the
polymer at T = 200 °C. The sample was held for approxi-
mately 5 min to allow the powder to melt before applying
pressure to the mould to force the polymer to flow into the
shape of the frame. After 10 min the mould was cooled with
circulating water and pressure was released. Tensile tests
were performed according to ASTM D412 method with a
crosshead speed of 500 mm min~' on dumb-bell shaped
specimens 4.4 mm wide and 1.4 mm thick. The specimen
gauge length was 18 mm. For tensile set measurements the
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Table 1
Polymerization results

Run T (°C) Yield (g) Hexane insoluble (%) M, (X 10%)* My/M,? M, (X 10%)° M,/M,° mmmm® (%)
1 25 3.8 >96 998 2.0 1198 2.0 25
2 50 1.9 70 573 3.3 647 3.1 18
3¢ 25 3.6 48 860 2.0 n.d. n.d. 19

All the runs were performed at 5.0 atm, in the presence of 5.0 X 10~> mol of catalyst and AIIMAO)/Ti = 500 in 200 ml of toluene for 1 h.

# Whole polymer.
® Hexane insoluble fraction.
¢ AI(MAO)/Ti = 1000.

specimen (rectangular sample 30 mm long, 6 mm wide and
2 mm thick) was held at 200% elongation for 10 min and
then allowed to rest for 10 min after the tension was
released. The gauge length was 8 mm and the tensile set was
defined as: 100 X ((L; — L;)/L;), where L¢ and L; are the
final and initial distance between the bench marks on the
specimen, respectively. At least five specimens were tested
to obtain satisfactory statistics.

2.8. Rheological measurements

The dynamic rheological measurements were carried out
on a Rheometric ARES under a nitrogen atmosphere in
order to avoid thermooxidative degradation. Strain sweep
measurements were carried out in order to determine the
region of linear viscoelasticity. Frequency sweeps were
performed from 0.1 to 100 rad s~ ' on 25 mm parallel plate
at 5% strain and at different temperatures from 80 to 240 °C.
The gap between plates was set to 1.2 mm and the polymer
was equilibrated at the desired temperature before begin-
ning the measurements.
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Fig. 1. NMR spectra of hexane insoluble fraction of (a) polymer 1 and (b)
polymer 3.

3. Results and discussion
3.1. Polymerization

In Table 1 the polymerization results of propylene in the
presence of TiCl,(2-OC¢H4OCH3), and MAO catalytic
system are reported. The polypropylene samples were
fractionated by extraction with hexane under a nitrogen
blanket at the boiling point of the solvent. From the table it
is clear that the hexane soluble fraction of polypropylene
increases either with reaction temperature or with
AI(MAO)/Ti molar ratio. In Fig. 1 >*C NMR spectra of
the hexane insoluble fractions of polypropylene, prepared at
the polymerization temperature of 25°C and different
AI(MAO)/Ti molar ratio, are reported (see run 1 and 3).
The resonance with low intensities, about 10%, observed at
6=15.1, 15.5, 28,3, 29.4, 33.5, 33.7, 36.7, 40.1, are
diagnostic of regio-irregularly arranged monomeric units, as
reported in a previous paper [14]. In the spectrum of
polymer 1, the resonance of the mmmm (meso) stereo-
chemical pentads at 6 = 19.7 is the most intensive one
(about 25%), whereas that of polymer 3 is about 19%. These
ELPPs are produced in mild pressure condition (5.0 atm)
and have microstructures (same NMR signal pattern)
similar to the elastomers prepared with acetylacetonate
group 4 complexes [10].

GPC analysis shows high molecular weight polymers
(M, > 10°) and narrow molecular weight distributions
(M, /M, = 2.0-3.3), indicating that the polymers are
produced by a single catalytic specie. The microstructure
of the polymers could be derived either by considering the
epimerization reaction of the last monomer unit into the
polymer chain, or by an oscillating equilibrium between
tetrahedral and octahedral configurations of the catalyst [10,
11]. In accord to the mechanism proposed by Eisen, a
speculative consideration could be that the methoxy groups
of guaiacolate complex, which are electron donors, in the
reaction with MAO could afford to an equilibrium between
tetrahedral configuration (atactic stereo-sequences), in
which methoxy groups are far from the metal, or to C,
octahedral configuration (isotactic stereo-sequences) with
methoxy groups coordinated to the electrophilic metal
centre. The lower amount of meso pentads in polymer 3,
prepared using higher Al/Ti molar ratio, could corroborate
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Table 2
DSC data of elastomer PP and its solvent fractions obtained at: (1)
T=25°C,(2)T=50°C

Sample T.(°C) AH.(Jg") Tn,(C) AH,(Jg™") T,(0)
Polymer1 845 3.4 129.7 2.3 -82
1HS - - - - -93
1HI 87 2.1 136.7 2.0 -83
Polymer 2 103.6 0.8 - - —11.3
2 HS - - - - -83
2 HI 100.4 1.2 158 1.1 -9.6

the hypothesis of Eisen. In fact, in this case, the equilibrium
between the two structures is moved toward tetrahedral
arrangement which is responsible for atactic stereo-
sequences. Of course this is matter of further investigation
because it is not clearly known what really happens in the
reaction between metal complex and MAO. In fact it is also
plausible the hypothesis relative to the production in situ of
multi-metallic specie. The presence of different amount of
isotactic stereo-blocks (mmmm pentads) in these polymers,
which are substantially regio- and stereo-irregular, accounts
for the different physical properties which are discussed
below.

3.2. Thermal behaviour

In Table 2 the numerical data of the crystallization and
melting parameters, obtained by means of DSC, relative to
the polypropylenes prepared at different polymerization
temperatures are reported. In order to erase all previous
thermal history the samples were heated up to 200 °C and
held at this temperature for 10 min to allow complete
destruction of the crystals. After this treatment cooling and
heating traces were recorded at a scanning rate of
10°C min~'. As can be seen polymer 1 exhibits a single
crystallization temperature at 7, = 84.5 °C with an enthalpy
of crystallization AH, = 3.4J g~ '. Upon heating a glass
transition temperature at 7= — 8.2 °C and a melting peak
corresponding at 7= 129.7 °C with a AH,, = 2.3J g~ ' can
be observed. The area under the melting endotherm
(enthalpy of fusion) is a measure of the amount of the
polymer crystallinity. The degree of crystallinity can be
calculated from the following relation

AH,,

=M %100
AH? (iPP)

b
where AH&(iPP) is the equilibrium heat of fusion for
isotactic polypropylene which is 209 J g~ ', as reported in
Ref. [15]. The degree of crystallinity for polymer 1 is 1.1%.
This low value of crystallinity, coupled with the observation
of low isotactic content (<25% by NMR) suggests that the
polymer has a stereo-block structure of crystallizable
isotactic blocks and non-crystallizable atactic blocks [16].
The thermoplastic elastomer behaviour has been proposed
to arise from the presence of microcrystalline domains

(isotactic stereo-sequences) acting as physical crosslinks in
prevailingly amorphous samples (atactic stereo-sequences)
[2—4]. Giving a closer look to the behaviour of the hexane
fractions one can see that the soluble fraction of polymer 1
(1 HS), which is less than 4%, does not show thermal
transitions upon heating and cooling with the exception of
the glass transition at 7= —9.3 °C, so this fraction can be
considered as fully amorphous, in accord with NMR
experiment. On the other hand the hexane insoluble fraction
(1 HI), which is more than 96%, behaves like the elastomer
polypropylene, in fact it has a T, = 87 °C with the enthalpy
of crystallization AH, =2.1Jg" !, a T,=—-83°C and a
T,, = 136.7 °C with an enthalpy of fusion AH,, =2.0J g~ ".
In Table 2 the DSC data of polypropylene obtained in the
same polymerization condition but at higher temperature
(polymer 2) are reported. This sample shows a small
enthalpy of crystallization (AH, =0.8J g™ ') during the
cooling run whereas no melting transition is detected upon
the subsequent heating. The hexane fractions of polymer 2
have also been analysed and reveal that the hexane insoluble
fraction (2 HI) has a higher degree of crystallinity with
respect to the unfractionated polymer, in fact it has an
enthalpy of crystallization AH, = 1.2J g ! and an easily
recognizable melting peak with an enthalpy of fusion
AH,, = 1.1J g~ '. On the other hand the soluble fraction (2
HS) shows only the glass transitions at 7= — 8.3 °C; this
fraction, which is around 30%, has been found from NMR
analysis to have few stereo-regular blocks (<10%). A
possible explanation for the observed lack of crystallinity of
the soluble fraction, still containing stereo-regular blocks, is
that the isotactic sequences could be significantly shorter
than in the insoluble fraction.

To better understand the kinetic behaviour of these
polymers the non-isothermal crystallization route were
analysed more accurately and data obtained by DSC at
different cooling rates were analysed adopting Ozawa
equation [18]. From a technological point of view the
non-isothermal crystallization behaviour of polymers is of
great importance since most of the processing techniques
occur under non-isothermal conditions. Ozawa theory is
based on the acceptance that crystallization occurs under
constant cooling rate and proceeds by nuclei being formed
randomly and growing in three dimensions. The parameters
determining the crystallization kinetics are the Avrami
exponent n, which can be related to the type of nucleation
and to the geometry of crystal growth, and the cooling
crystallization function y. These parameters can be
determined from the slope and the intercept of the straight
line obtained by plotting the double logarithm of the
amorphous fraction In[—In(1 — X,)] against the logarithm
of the cooling rate In a. The Ozawa theory can be expressed
by the following equation

In[—In(1 = X,)]=x —nlna

where X, is the volume fraction of the material crystallized
at a given temperature 7 and a is the cooling rate. The DSC
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Fig. 2. Ozawa plot of polymer 1 and its hexane insoluble fraction (1 HI), at
the temperature of 84 °C.

data obtained in the dynamic cooling crystallization at 5, 10
and 20 °C min~ ' were analysed according to this equation.
The value of the Avrami exponent n is 2.5 for polymer 1,
and the cooling crystallization function y decreases with
increasing the temperature of analysis. In Fig. 2 the Ozawa
plot for polymer 1 and its hexane insoluble fraction (1 HI) is
reported at the temperature of 84 °C. The lines are similar
and the value of the Avrami exponent n for the insoluble
fraction is 2.1. This indicates that the nucleation mechanism
does not change appreciably. Ozawa plot of the ELPP
obtained at the polymerization temperature of 50 °C
(polymer 2) was not feasible due to the very low level of
crystallization enthalpy.

3.3. Dynamic mechanical measurements

The dynamic mechanical properties of polymer 1 were
determined as a function of temperature and at the
frequency of 1 Hz. As expected, inspection of the loss
modulus E” trace reveals the occurrence of only one
mechanically active transition, characterized by its maxi-
mum, which corresponds to a value of 7= —5 °C. This

3
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Fig. 3. Stress—strain curve of polymer 1: (a) the curve has been obtained at a
rate of 500 mm min~'; (b) the curve has been obtained at a rate of
50 mm min~' and stopped at 200% elongation to measure the elastic
recovery (the dotted line is not obtained experimentally).
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Fig. 4. Storage and loss modulus for polymer 1 obtained at 7 = 220 °C.

value is associated with the glass transition of the polymer,
in good accord with the value found by DSC analysis.
Moreover the spectrum does not reveal other transitions
confirming that a single phase is present. These findings are
in accord with the results of GPC analysis which reveals a
narrow distribution and hence evidences that the polymer is
constituted by macromolecules of the same microstructure.

3.4. Mechanical behaviour

Mechanical tests were performed on the polymer
obtained at 7= 25°C in order to investigate on the
elastomeric behaviour. The stress—strain curve of polymer
1is reported in Fig. 3. The curve does not show a yield point
and, as expected, the specimen exhibits high ultimate
extension and excellent elastic recovery. The elastic
recovery is 98% after elongation to 200% for 10 min
(curve b) whereas following break the tension set value
obtained is 3.3%. Low tension set value (and hence good
elastic behaviour) is generally related for uncrosslinked
samples to the presence of physical crosslinks, which in this
case are the microcrystalline domains in the amorphous
phase. It has been demonstrated that the drawability
becomes very small when the samples are fully amorphous
at room temperature and unable to crystallize under
stretching [19] and only low crystallinity and isotacticity
polymers exhibit elastomeric properties [17]. The tensile
modulus obtained for this polymer was 4.2 MPa and the
ultimate strength 2.7 MPa while the elongation at break
measured at a crosshead speed of 500 mm min~ ! was 622%,
as can be observed from the figure (curve a). The tensile
properties of the hexane insoluble fraction of polymer 1
were also investigated. The results show that mechanically
the HI fraction resembles ELPP, in fact also in this case the
sample exhibited high ultimate extension and excellent
elastic recovery (tension set = 3, ultimate extension 800%).

3.5. Rheological properties

Usually the viscoelastic behaviour can be determined by
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Fig. 5. Storage and loss modulus for polymer 1 obtained at different
temperatures.

measuring the storage modulus G'(w) and the loss modulus
G"(w) over a wide range of frequencies w and temperatures
T. The storage modulus is proportional to the energy stored
in a cycle deformation reflecting a certain degree of
elasticity of the system, the loss modulus is proportional
to the dissipation of energy as heat in a cycle deformation
reflecting a certain degree of viscosity of the system. Cross
point value [G'(w) = G"(w)] separates viscous-like and
elastic-like behaviour [20]. In Fig. 4 the storage and loss
modulus for polymer 1 obtained at 7 = 220 °C are reported
versus the angular frequency w. It can be clearly seen that at
frequency below wg, = 0.31rads ', G” dominates and
the polymer is able to relax, while at frequencies higher than
Weross Telaxation is inhibited (tan & < 1).

In general, the rheology of polymer melts depends
strongly on temperature. Dynamic rheological measure-
ments were performed on the same samples at different
temperatures ranging from 80 to 240 °C. Data of storage and
loss moduli for polymer 1 collected at the temperature of 80,
160 and 240 °C (the rest have been omitted to avoid
crowding) are shown in Fig. 5. It can be observed that for
tests measurements performed at temperature higher than

2
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Fig. 6. Crossover values [G'(w) = G"(w)] of polymers 1 and 2 versus
temperature.
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Fig. 7. Complex viscosity n * versus the angular frequency o for polymers 1
and 2 obtained at 7 = 180 °C.

160 °C a cross point value [G'(w) = G"(w)] can be detected
and the curves are very similar, whereas at temperatures
below 160 °C they differ substantially. Considerably higher
values of both G’ and G” are obtained at temperatures lower
than 160 °C and the curves do not contain a crossover
frequency (the storage modulus overcomes the loss modulus
in the whole frequency range and continues to increase in
relative importance as the temperature is decreased). At low
temperatures polymer 1 behaves as an elastomer that does
not flow or relax even at low frequencies. Indeed relaxation
may take place on longer time scales than those employed in
these oscillatory experiments. In the range of temperatures
above 160 °C w0 increases with the increasing of
temperature, as can be observed in Fig. 6. Dynamic
rheological measurements were also performed on polymer
2 with the attempt to investigate on the effect of
polymerization temperature on the viscous and elastic
response of the polymer. The obtained data show that the
rheological behaviour of polymer 2 is similar to that of
polymer 1 but all the curves relative to the rheological
parameters (1", G/, G") are shifted towards lower values.
These lower values can be accounted for the lower
molecular weight of the polymer obtained at the higher
polymerization temperature, following the inverse relation-
ship between molecular weight and reaction temperature.
Also in this case w.ss Strongly depends upon temperature
and the diagram is reported in Fig. 6. It shows that at the
same test temperature the values of s for polymer 2 are
higher than that of polymer 1. This interesting finding
can be explained by considering that lower molecular
weight implies lower network constraints and point
restrictions. Moreover DSC analysis has shown that the
degree of crystallinity of polymer 2 is very low
compared to that of polymer 1; thus the lower amount
of crystallite fillers should enable the polymer to flow
and relax in a higher frequency range at the same
temperature. Moreover for polymer 2 the temperature at
which the moduli do not contain a crossover frequency
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Fig. 8. Logarithm of viscosity (calculated at 7= 5 X 10*) versus reciprocal
temperature for polymers 1 and 2.

has been found to be 140 °C (20 °C lower than that of
polymer 1).

Fig. 7 shows the complex viscosity, 1~, collected at
T = 180 °C, for both polymers 1 and 2. In the frequency
range explored the polymers show typical pronounced non-
Newtonian (shear thinning) behaviour thus it is not possible
to obtain frequency independent viscosity. The temperature
dependence of the zero shear viscosity above melting can be
expressed by the Arrhenius equation, that is m,oc
exp(E,/RT). Hence a semilog plot of 1y versus 1/T yields
a line which slope permits to calculate the flow activation
energy E,. E, is a measure of the temperature sensitivity of
viscosity; small values imply little effect of temperature on
the viscosity while large values imply strong dependence.
Due to the impossibility of dealing with Newtonian
viscosities we have plotted the complex viscosity against
the shear stress (7) and calculated the value of the viscosity
at different values of 7. A representative plot of In 1 versus
1/T for both polymers 1 and 2 at a fixed value of 7 is
reported in Fig. 8. From it a value of E, = 39 + 2 kJ mol
is obtained. The plot clearly shows that the temperature
sensitivity of viscosity is quite similar for both the two
polymers and independent of the molecular weight. This
value is in good agreement with values of E, typical of
isotactic polypropylenes which have been reported to be in
the range 3943 kJ mol ! [21,22]. Moreover in the work of
Eckstein [21] a value of 39 kJ mol ! has been reported also
for the atactic polypropylene, calculated by the WLF
equation.

4. Conclusions

The catalytic system based on TiCl,(2-OC¢H4OCH3),
and MAO produces polypropylene with high molecular
weight and narrow molecular weight distribution. The

mmmm (meso) stereo-chemical pentads observed for the
polymers produced in different condition of temperature and
AI(MAO)/Ti molar ratio are in the range 18—25%. Further
experiments are in progress in order to deeply investigate on
the reaction mechanism using these octahedral catalytic
systems.

From GPC analysis it has been found that increasing
the polymerization temperature leads to a decrease in the
molecular weight of the polymer and to a broadening of the
molecular weight distribution. The thermal analysis has
shown that the polymers exhibit a very low level of
crystallinity, which coupled with low isotactic content
(<25% by NMR) produces a polymer with thermoplastic
elastomeric characteristics. Dynamic mechanical analysis
has confirmed the value of the glass transition temperature
obtained by DSC and revealed that a single phase is present.
Mechanical tests have shown that the polymer exhibits high
ultimate extension and excellent elastic recovery and no
yield is evidenced.

Dynamic rheological measurements have revealed that
the polypropylenes have temperature dependent properties.
At low temperatures ELPP behaves like an elastomer that
does not flow or relax on the time scale of the experiment,
even at low frequencies, whereas at high temperatures a
cross point value can be detected and the loss modulus
overcomes the storage modulus at frequencies lower than
Weross (the polymer is able to relax). Comparison with the
polymer obtained at higher polymerization temperature
(50 °C) shows that lower values of all the rheological
parameters are obtained as a consequence of the lower
molecular weight. The melt flow activation energy was
found to be independent of the molecular weight and in
good accord with values typical for isotactic and atactic
polypropylenes.
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