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Description

[0001] The present invention relates to polypropylene.
[0002] Isotactic and syndiotactic polypropylene, and blends thereof, are known for use in a number of different ap-
plications. For example, polypropylene is used for the manufacture of spun fibres, blown films, extruded profiles and
foams. In such applications in which the polypropylene is processed while molten, it is desirable for the polymer to
have a high melt strength. For some applications, for example fibre spinning and film blowing, as well as having a high
melt strength the polypropylene is required to have a high drawability. A high drawability not only enables the fibres or
films to be produced at high speed without fracture, but also enables finer diameter fibres and thinner films to be
manufactured.
[0003] There tends to be a compromise between high melt strength and drawability. Thus some known polypropyl-
enes have high melt strength but low drawability. This makes them unsuitable for drawing fibres, particularly of small
diameter.
[0004] A polymer melt having high melt strength at high shear rates refers to a melt that becomes stiffer and stronger
when stretched, rather than one that thins out and breaks when stretched. This stiffening upon drawing is commonly
called strain-hardening. Polypropylene processing operations where melt strength plays an important role include blow
moulding, extrusion coating, thermoforming, fibre spinning and foam extrusion. In thermoforming, a poor melt strength
results in a sagging phenomenon. In fibre spinning, a poor melt strength can result in undesired movements of the
fibres due to transverse forces, for example by cooling air, which ultimately can lead to "married" fibres and fibre
breakage. On the other hand, a too-high melt strength will limit the achievement of low titre fibres. Accordingly, a correct
balance between melt strength and drawability is desirable. For blown (biaxially oriented) or cast films also, a correct
balance between melt strength and stretchability is very important. In foam extrusion, a poor melt strength results in
cell rupture and non-uniform cell structure. For such an application, a poor drawability will limit the fineness of the walls.
[0005] Several solutions have been proposed in the prior art to increase the melt strength of polypropylene. For
example, polymers with long chain branching tend to exhibit good melt strength. For isotactic polypropylene, this can
be achieved by irradiation or by reactive extrusion processes, such as disclosed in US-A-5047446, 5047485 and
5541236. The limitation of these processes is the significant reduction of drawability occurring at the same time as
melt strength increases. In addition, the irradiation process is expensive. It has also been proposed to blend isotactic
polypropylene with additives, such as high molecular weight acrylates, to increase the melt strength, as disclosed for
example in EP-A-0739938. The same results can be achieved by blending with isotactic polypropylene polyethylene
having high melt strength or fillers. These processes are limited by the strong modification by the additives of the
intrinsic properties of the isotactic polypropylene.
[0006] It is also known from the literature that the melt strength of isotactic polypropylene is solely determined by its
weight average molecular weight (Mw) (A.Gijsels Ind. Polym. Process., 9, 252 (1994)).
[0007] US-A-5549867 relates to a melt spinning process for polyolefin resins in which a blended resin includes a
relatively small portion of a low molecular weight high melt flow rate narrow molecular weight distribution polyolefin
resin with a larger portion of a miscible high molecular weight, low melt flow rate and typically narrow molecular weight
distribution polyolefin resin. It is disclosed that the enhanced molecular weight distribution polyolefin blended resin has
a variety of property parameters, including a molecular weight distribution breadth Mz/Mn of between 7.2 and 10, a
flow rate ratio of less than 15.5 and a power law index at 20 seconds-1 of between 0.70 and 0.78 and either a Z-average
molecular weight Mz of between 400,000 and 580,000, or a second order constant b2 determined from the regression
analysis viscosity equation of between -0.029 and - 0.047 or both, and unless both of the Mz and b2 parameters is
within said ranges, a die swell B2 of between 1.6 and 2.0 and a spinnability factor In (B2)/MFR of between about 0.08
and about 0.026.
[0008] US-A-5494965 discloses a process for manufacturing bimodal olefin polymers and copolymers. However, the
specification does not address the problems of drawing polypropylenes.
[0009] US-A-5578682 discloses the bimodalisation of a polymer molecular weight distribution by using grafting and
scission agents.
[0010] EP-A-0310734 discloses catalyst systems for producing polyolefins having a broad molecular weight distri-
bution, in particular a multimodal molecular weight distribution. This specification does not address the problems of
drawability of polypropylenes.
[0011] EP-A-942013 (=WO99/7752) discloses bimodal compositions with 15-50% high molecular weight polypropyl-
ene, intrinsic viscosity of 8-13 dl/g and 53% low molecular weight polypropylene. The compositions have an overall
melt index of 0.5.
[0012] It is an aim of the present invention to provide polypropylene, which may be isotactic, syndiotactic or a blend
of isotactic and syndiotactic fractions, which provides improved properties such as melt strength and drawability. It is
also an aim of the present invention to provide such polypropylene which can be used in processing applications which
require the polypropylene to be processed from the melt, for example at high shear rates, typically in fibre spinning. It
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is a further aim of the present invention to provide polypropylene which has an improved compromise between melt
strength and drawability.
[0013] Accordingly the present invention provides the use of a multimodal isotactic polypropylene blend in melt
processing wherein for enhancing a compromise between melt strength and drawability the blend has a dispersion
index of at least 8 and a ratio Mz/Mn of 50-100 and comprises from 55 wt % up to 65 wt % of a first high molecular
weight fraction having a melt flow index of less than 5 dg/min and from 35 to 45 wt % of a second low molecular weight
fraction having a melt flow index of from 60 to 1000 g/min.
[0014] The present invention also provides a method of enhancing a compromise between melt strength and draw-
ability in melt processing of a polypropylene, the process including providing a multimodal polypropylene blend having
a dispersion index of at least 8 and a ratio Mz/Mn of 50-150 and comprises from 55 wt % up to 65 wt % of a first high
molecular weight fraction having a melt flow index of less than 5 dg/min and from 35 to 45 wt % of a second low
molecular weight fraction having a melt flow index of from 60 to 1000 g/min.
[0015] The present invention further provides a method of melt processing a polypropylene blend, the method com-
prising providing a multimodal polypropylene blend, selecting the blend to have a dispersion index of from 8 to 70 and
a ratio Mz/Mn of 50-150 and comprises from 55 wt % up to 65 wt % of a first high molecular weight fraction having a
melt flow index of less than 5 dg/min and from 35 to 45 wt % of a second low molecular weight fraction having a melt
flow index of from 60 to 1000 g/min, thereby enhancing a compromise between melt strength and drawability, and
processing the blend in the melt by drawing the blend to form a solid product.
[0016] In this specification, the dispersion index (D) (also known as the polydispersity index) is the ratio between the
weight average molecular weight (Mw) and the number average molecular weight (Mn). The ratio Mz/Mn is the mo-
lecular weight distribution breadth. Mz is the z-average molecular weight, defined as ^NiMi3/^NiMi2 over all i.
[0017] The multimodal blend is preferably bimodal, but may alternatively be trimodal, tetramodal, etc.. The blend of
the fractions may be obtained by physical blending or chemical blending, for example chemical blending using two
reactors in series or chemical blending using one reactor with specific dual-type catalysts. The polypropylene fractions
may be composed of homopolymer or copolymer and may be made using differing catalysts, for example Ziegler-Natta
catalysts or metallocene catalysts.
[0018] Preferably, the dispersion index is greater than 15. The dispersion index may be up to about 70.
[0019] More preferably, the blend comprises from 55 to 65 wt% of the first fraction and from 45 to 35 wt% of the
second fraction.
[0020] Preferably, the ratio of the melt flow indexes of the first and second fractions is at least 5. Typically, the first
fraction has a melt flow index of less than 5 dg/min and the second fraction has a melt flow index of from 60 to 1000
dg/min.
[0021] Optionally, the blend has been formed by reactive extrusion of a mixture of the first and second fractions
together with a mixture of a chain scission agent and a chain grafting agent. The chain scission agent may comprise
2,5-dimethyl-2,5-di(tert-butylperoxy) hexane. The chain grafting agent may be selected from allyl methacrylate and
divinyl benzene.
[0022] The first and second fractions, and the blend, are preferably comprised of polypropylene homopolymer. Al-
ternatively, the first and/or second fractions may be comprised of polypropylene copolymer.
[0023] The present invention also relates to the use of the polypropylene for forming fibres, foams, films, thermofor-
med articles and extruded products.
[0024] The present invention is predicated on the discovery by the inventors that the mechanical properties, in par-
ticular the melt strength and drawability of polypropylene can be improved by increasing the molecular weight distri-
bution of the multimodal polypropylene by providing a high dispersion index (D), which is the ratio Mw/Mn (where Mw
is the weight average molecular weight and Mn is the number average molecular weight). The melt strength is typically
measured by measuring the force required in order to pull a fibre from an extruded melt onto a rotating wheel under
given conditions. A polypropylene having higher melt strength is generally more reliably processed from the melt, for
example in the spinning of fibres, in the blowing of films, in thermoforming, and in the extrusion of profiles, such as
tubes or pipes. Generally, as the melt strength increases, the tendency for the molten material to break or deform
decreases.
[0025] The melt strength tends to increase with a decrease in the melt flow index (MFI) of the polypropylene. In this
specification, the MFI values are determined using the procedures of ASTM D1238 using a load of 2.16kg at a tem-
perature of 230°C.
[0026] As well as having high melt strength, it is desired for fibre spinning (and film blowing) that the polypropylene
has a high drawability. A high drawability represents the ability of the material to be stretched into a small diameter
fibre (or a thin film) at high speed, i.e. at high strain rates. Typically, the drawability of the polypropylene is determined
by wrapping a fibre around a wheel rotating at constant acceleration during spinning of the fibre and measuring the
maximum angular speed, in units of revolutions per minute, up to rupture of the filament. With increasing drawability,
the speed of drawing can increase prior to rupture, thereby enabling even finer filaments to be manufactured.
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[0027] Thus the present inventors have found that by providing a polypropylene blend with a dispersion index of at
least 8, the melt strength and drawability together can be sufficiently high to yield a good compromise between them,
enabling the blend to have particularly advantageous application for fibre spinning.
[0028] The present invention will now be described by way of example only, with reference to the accompanying
drawings, in which:

Figures 1 to 3 are gel permeation chromatograms (GPCs) of isotactic polypropylene resins in accordance with
three different embodiments of the invention.

[0029] Referring to Figure 1, there is shown a GPC chromatogram of a bimodal isotactic polypropylene in accordance
with a first embodiment of the present invention. The bimodal isotactic polypropylene has a melt flow index of 11.5 dg/
min. The molecular weight distribution (A) of the bimodal isotactic polypropylene is such that Mw is 279 kDa, Mn is 30
kDa and the dispersion index is accordingly 9.3. The bimodal isotactic polypropylene is formed as a physical blend of
two isotactic polypropylene homopolymer fractions. The first fraction is a high molecular weight fraction (B) having an
MFI of 2.3 dg/min and comprising 55 wt% of the bimodal isotactic polypropylene. The second fraction is a low molecular
weight (C) fraction having an MFI of 72 dg/min and comprising 45 wt% of the bimodal isotactic polypropylene. The
high molecular weight fraction has an Mw of 419 kDa, an Mn of 49 kDa and a dispersion index of 8.6, and the low
molecular weight fraction has an Mw of 146 kDa, an Mn of 21 kDa and a dispersion index of 7.0.
[0030] Figure 2 is a GPC chromatogram of a bimodal isotactic polypropylene in accordance with a second embod-
iment of the present invention. The bimodal isotactic polypropylene has a melt flow index of 6.9 dg/min. The molecular
weight distribution (A) of the bimodal isotactic polypropylene is such that Mw is 363 kDa, Mn is 26 kDa and the dispersion
index is accordingly 14.1. The bimodal isotactic polypropylene is formed as a physical blend of two isotactic polypro-
pylene homopolymer fractions, the first being a high molecular weight fraction (B) having an MFI of 0.8 dg/min and
comprising 57 wt% of the bimodal isotactic polypropylene, and the second being a low molecular weight fraction having
an MFI of 350 dg/min and comprising 43 wt% of the bimodal isotactic polypropylene. The high molecular weight fraction
has an Mw of 568 kDa, an Mn of 73 kDa and a dispersion index of 7.8, and the low molecular weight fraction (C) has
an Mw of 99 kDa, an Mn of 16 kDa and a dispersion index of 6.2.
[0031] Figure 3 is a GPC chromatogram of a bimodal isotactic polypropylene in accordance with a third embodiment
of the present invention. The bimodal isotactic polypropylene has a melt flow index of 1.1 dg/min. The molecular weight
distribution (A) of the bimodal isotactic polypropylene is such that Mw is 671 kDa, Mn is 27 kDa and the dispersion
index is accordingly 24.9. The bimodal isotactic polypropylene is formed as a physical blend of two isotactic polypro-
pylene homopolymer fractions, the first being a high molecular weight fraction (B) having an MFI of 0.06 dg/min and
comprising 55 wt% of the bimodal isotactic polypropylene, and the second being a low molecular weight fraction (C)
having an MFI of 450 dg/min and comprising 45 wt% of the bimodal isotactic polypropylene. The high molecular weight
fraction has an Mw of 1460 kDa, an Mn of 142 kDa and a dispersion index of 10.2, and the low molecular weight fraction
has an Mw of 95 kDa, an Mn of 15 kDa and a dispersion index of 6.3.
[0032] It may be seen for Figures 1 to 3 that in accordance with the embodiments of the invention, each bimodal
isotactic polypropylene blend is composed of two initial isotactic polypropylene fractions. The fractions are selected
so as to provide a minimum dispersion index (D) of 8 in the bimodal isotactic polypropylene blend. The dispersion
index D may be up to about 70 for blends in accordance with the invention. The fractions are also selected so as to
have specific respective melt flow indexes, thereby to provide a melt flow index differential between the two fractions,
to provide the required minimum dispersion index in the ultimate blend. In this way, the molecular weight distribution
of the blend is broadened, which has been found by the inventors to provide increased melt strength at any given melt
flow index for the blend. In addition, as the melt flow index of the blend increases, this also tends to decrease the melt
strength.
[0033] In the blending operation using reactive extrusion, a mixture of a chain scission agent and a chain grafting
agent may be employed.
[0034] The chain scission agent may for example comprise a peroxide compound, typically 2,5-dimethyl-2,5-di(tert-
butylperoxy) hexane. The use of such a chain scission agent combined with a grafting agent tends to increase the
degree of branching of the molecules in the high molecular weight fraction, thereby increasing the molecular weight
distribution of the ultimate polypropylene, thereby in turn yet further increasing the melt strength.
[0035] The grafting agent may be a bi- or multifunctional grafting agent, typically allyl methacrylate or divinyl benzene.
The grafting agent promotes cross-linking of the branches formed by the chain scission agent. This increases the melt
strength but tends to reduce the drawability or spinnability of the polypropylene.
[0036] Typically, the extrusion temperature is around 220°C. When a chain scission agent such as 2,5-dimethyl-
2,5-di(tert-butylperoxy) hexane is employed, this is employed in an amount of around 55 ppm based on the weight of
the blend. When a grafting agent is employed, such as allyl methacrylate, this is typically employed in an amount of
around 750 ppm based on the weight of the blend.
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[0037] The flexural modulus of the polypropylenes is a complex function depending upon several parameters, not
only the dispersion index D but also for example the melt flow index, the xylene solubles and the crystallinity of the
polymer. The present inventors have also found that the flexural modulus E of the polypropylenes in accordance with
the invention tends to increase with increasing dispersion index at constant melt flow index and xylene solubles.
[0038] Preferably, the isotactic polypropylenes of the present invention are produced with Ziegler-Natta catalysts
using a phthalate as an external electron donor, see for example EP-A-0045976, EP-A-0045977 and US-A-4,544,171.
The phthalate may be replaced by a 1,3 diether compound, see for example US-A- 4,971,937, 4,978,648 and 5,095,153.
The isotactic polypropylene can also be produced with metallocene catalysts, see for example EP-A-0416566, EP-A-
0399348 and EP-A-0336128. The invention also applies to syndiotactic polypropylene, or to a blend of isotactic and
syndiotactic polypropylene obtained by physical mixing or chemical mixing using for example a metallocene catalyst,
as disclosed for example in US-A-5,036,034. In addition, the polypropylene may be treated with a nucleating agent,
typically lithium benzoate, for nucleation of crystallites in the polypropylene.
[0039] The polypropylene may be a homopolymer, a random copolymer containing ethylene and a higher alpha-
olefin, or a heterophasic block copolymer of ethylene and a higher alpha-olefin.
[0040] The present invention will now be described further with reference to the following non-limiting Examples.

Examples 1 to 4

[0041] For each of Examples 1 to 4, a bimodal isotactic polypropylene blend was produced by blending together a
high molecular weight component and a low molecular weight component in a screw extrusion apparatus operated
under nitrogen gas at a temperature of around 220hC. Table 1 specifies the composition and properties for both the
high molecular weight and low molecular weight components, and the ultimate blend for each of Examples 1 to 4. The
molecular weight distributions of the blends and components of Examples 2 and 4 are shown respectively in Figures
2 and 3.
[0042] For each of Examples 1 to 4, the melt strength was tested by measuring the force for a fibre which is pulled
from a melt. In this specification the melt strength was determined in a laboratory using a CEAST rheometer (Rheoscope
1000) equipped with a capillary die and a rotating wheel as a take up device. With this set up, molten polymer is
extruded by application of a pressure resulting from the displacement of a piston. The molten extrudate is uniaxially
stretched before crystallisation by wrapping the fibre around the rotating wheel. In this test, the piston displacement
rate is fixed, and the speed of the rotation take-up wheel is linearly changed, i.e. with constant acceleration, until the
fibre, becoming very thin, breaks. The tensile force is recorded during the test. The melt strength is defined as the
maximum tensile force corresponding to the breaking of the fibre. The tests were run under standard conditions as
follows: the cylindrical die had a length/diameter ratio of 5mm to 1mm; the diameter of the rotating wheel was 12cm;
the extrusion temperature was 250°C; the displacement ratio of the piston was 2mm/min, the extrudate throughput
was 2.36mm3/min and the acceleration of the rotating wheel was 10rpm/100s or 0.000628m/s2. The drawability is
defined as the titre at break under the same conditions. The correspondence between the angular speed of the wheel
(V) expressed in rpm and the titre (expressed in denier) is the following: titre at break = 3384.4ρ/V where ρ is the
polymer density at 250°C. The results are also specified in Table 1.
[0043] It may be seen for each of Examples 1 to 4 that the dispersion index D, which is the ratio Mw/Mn, is greater
than 8 and the melt flow index varies from 1.1 to 6.9 dg/min. The melt strength varied from 2.8 mN to 15.5 mN. In
combination with the melt strength values, the drawability of the polymers of each of Examples 1 to 4 is high, the
filament breaking at least 260 rpm at a temperature of 250°C.

Comparative Example 1

[0044] As a comparison, the corresponding properties of a commercially available isotactic polypropylene resin with
a high degree of long chain branching were tested. The resin is sold under the trade name Profax PF814 by the
company Montell North America Inc. of Wilmington, Delaware, USA. It may seen that while the resin of Comparative
Example 1 had a very high melt strength, being around 3 times that of the maximum melt strength of Examples 1 to
4, particularly for that of Example 4, nevertheless the drawability of the commercial resin was very low, with the filament
breaking at a speed of only 9 rpm at 250°C.

Comparative Example 2

[0045] As a further comparison, the corresponding properties of a monomodal polypropylene resin were tested and
the results are shown in Table 1.
[0046] Table 1 shows that the multimodal polypropylene resins in accordance with the invention have a good com-
promise between high melt strength and high drawability. This is achieved by for example a blend of high and low
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molecular weight components having a high dispersion index of at least 8. This makes the resins of the invention
particularly suitable for fibre spinning and film blowing. The resins of the invention also have utility in lower shear rate
processes, such as the formation of films and in extrusion forming processes. The multimodal polypropylene in ac-
cordance with the invention can be stretched more than the high melt strength polypropylene with long chain branching
of Comparative Example 1. The propylene of the Examples had a higher drawability than the polypropylene of Com-
parative Example 2. Thus the present invention provides polypropylene blends having an improved compromise of
high melt strength and extensibility in the melt.
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Claims

1. Use of a multimodal polypropylene blend in melt processing wherein for optimising a compromise between melt
strength and drawability the blend has a dispersion index Mw/Mn of at least 8 and a ratio Mz/Mn of from 50 to 150
and comprises from 55 wt% up to 65 wt% of a first high molecular weight fraction having a melt flow index (ASTM
D 1238 using a load of 2.16 kg at 230°C) of less than 5 dg/min and from 35 to 45 wt% of a second low molecular
weight fraction having a melt flow index (ASTM D 1238 using a load of 2.16 kg at 230°C) of from 60 to 1000 dg/min.

2. Use according to claim 1 wherein the dispersion index is greater than 15.

3. Use according to any one of claim 1 or claim 2 wherein the ratio of the melt flow indexes of the first and second
fractions is at least 5, each melt flow index being determined using the procedures of ASTM D 1238 using a load
of 2.16 kg at a temperature of 230 °C.

4. Use according to any foregoing claim wherein the blend has been formed by reactive extrusion of a mixture of at
least two fractions together with a mixture of a chain scission agent and a chain grafting agent.

5. Use according to claim 4 wherein the chain scission agent comprises 2,5-dimethyl-2,5-di(tert-butylperoxy) hexane.

6. Use according to claim 4 or claim 5 wherein the chain grafting agent is selected from allyl methacrylate and divinyl
benzene.

7. Use according to any foregoing claim for forming spun fibres, blown films, foams, thermoformed articles and ex-
trusions.

8. Spun fibres having a good compromise between melt strength and drawability prepared from a polypropylene
blend in melt processing wherein the blend has a dispersion index Mw/Mn of at least 8 and a ration Mz/Mn of from
50 to 150 and comprises from 55 up to 65 wt% of a first high molecular weight fraction having a melt flow index
(ASTM D 1238 using a load of 2.16 kg at 230°C) of less than 5 dg/min and from 45 to 35 wt% of a second low
molecular weight fraction having a melt flow index (ASTM D 1238 using a load of 2.16 kg at 230°C) of from 60 to
1000 dg/min.

9. A bimodal polypropylene blend having a dispersion index Mw/Mn of at least 8, a ratio Mz/Mn of from 50 to 150
and comprising from 55 wt% up to 65 wt% of a first high molecular weight fraction having a melt flow index (ASTM
D 1238 using a load of 2.16 kg at 230°C) of less than 5 dg/min and of from 45 to 35 wt% of a second low molecular
weight fraction having a melt flow index (ASTM D 1238 using a load of 2.16 kg at 230°C) of from 60 to 1000 dg/min.

10. A blend according to claim 9 wherein the dispersion index Mw/Mn is greater than 15.

11. A blend according to any one of claim 9 or claim 10 wherein the ratio of the melt flow indexes of the first and second
fractions is at least 5, each melt flow index being determined using the procedures of ASTM D 1238 using a load
of 2.16 kg at a temperature of 230 °C.

12. A method of melt processing a polypropylene blend, the method comprising providing a bimodal polypropylene
blend, selecting the blend to have a dispersion index Mw/Mn of from 8 to 70, a ratio Mz/Mn of from 50 to 150 and
comprising from 55 wt% up to 65 wt% of a first high molecular weight fraction having a melt flow index (ASTM D
1238 using a load of 2.16 kg at 230°C) of less than 5 dg/min and of from 45 to 35 wt% of a second low molecular
weight fraction having a melt flow index (ASTM D 1238 using a load of 2.16 kg at 230°C) of from 60 to 1000 dg/
min, and processing the blend in the melt by drawing the blend to form a solid product.

13. A method according to claim 12 wherein the dispersion index Mw/Mn is greater than 15.

14. A method according to any one of claim 12 or claim 13 wherein the ratio of the melt flow indexes of the first and
second fractions is at least 5, each melt flow index being determined using the procedures of ASTM D 1238 using
a load of 2.16 kg at a temperature of 230 °C.

15. A method according to any one of claims 12 to 14 wherein the blend has been formed by reactive extrusion of a
mixture of at least two fractions together with a mixture of a chain scission agent and a chain grafting agent.
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16. A method according to claim 15 wherein the chain scission agent comprises 2,5-dimethyl-2,5-di(tert-butylperoxy)
hexane.

17. A method according to claim 15 or claim 16 wherein the chain grafting agent is selected from allyl methacrylate
and divinyl benzene.

18. A method according to any one of claims 12 to 17 for forming an article selected from spun fibres, blown films,
foams, thermoformed articles and extrusions.

Patentansprüche

1. Benutzung einer multimodalen Polypropylenabmischung bei der Schmelzeverarbeitung, wobei die Abmischung
zum Optimieren eines Kompromisses aus Schmelzefestigkeit und Ziehfähigkeit einen Dispersionsindex Mw/Mn
von mindestens 8 und ein Verhältnis Mz/Mn von 50 bis 150 aufweist und 55 Gew.% bis 65 Gew.% einer ersten
Fraktion mit hohem Molekulargewicht, die einen Schmelzindex (ASTM D 1238 unter Benutzung einer Last von
2,16 kg bei 230 °C) von kleiner als 5 dg/min aufweist, und 35 bis 45 Gew.% einer zweiten Fraktion mit niedrigem
Molekulargewicht umfaßt, die einen Schmelzindex (ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei 230
°C) von 60 bis 1.000 dg/min aufweist.

2. Benutzung nach Anspruch 1, wobei der Dispersionsindex größer als 15 ist.

3. Benutzung nach einem der Ansprüche 1 oder 2, wobei das Verhältnis der Schmelzindexe der ersten und der
zweiten Fraktion mindestens 5 beträgt, wobei der Schmelzindex jeweils unter Benutzung der Arbeitsvorschriften
von ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei einer Temperatur von 230 °C bestimmt wird.

4. Benutzung nach einem vorhergehenden Anspruch, wobei die Abmischung durch reaktive Extrusion einer Mi-
schung aus mindestens zwei Fraktionen zusammen mit einer Mischung aus einem Kettenspaltmittel und einem
Kettenaufpfropfmittel gebildet worden ist.

5. Benutzung nach Anspruch 4, wobei das Kettenspaltmittel 2,5-Dimethyl-2,5-di(tert-butylperoxy)hexan umfaßt.

6. Benutzung nach Anspruch 4 oder 5, wobei das Kettenaufpfropfmittel aus Allylmethacrylat und Divinylbenzol aus-
gewählt ist.

7. Benutzung nach einem vorhergehenden Anspruch zum Bilden von Spinnfasern, Blasfolien, Schäumen, wärme-
geformten Gegenständen und Extrusionen.

8. Spinnfasern, die einen guten Kompromiß aus Schmelzefestigkeit und Ziehfähigkeit aufweisen, die aus einer Po-
lypropylenabmischung durch Schmelzeverarbeitung hergestellt sind, wobei die Abmischung einen Dispersionsin-
dex Mw/Mn von mindestens 8 und ein Verhältnis Mz/Mn von 50 bis 150 aufweist und 55 bis 65 Gew.% einer ersten
Fraktion mit hohem Molekulargewicht, die einen Schmelzindex (ASTM D 1238 unter Benutzung einer Last von
2,16 kg bei 230 °C) von kleiner als 5 dg/min aufweist, und 45 bis 35 Gew.% einer zweiten Fraktion mit niedrigem
Molekulargewicht umfaßt, die einen Schmelzindex (ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei 230
°C) von 60 bis 1.000 dg/min aufweist.

9. Bimodale Polypropylenabmischung, die einen Dispersionsindex Mw/Mn von mindestens 8, ein Verhältnis Mz/Mn
von 50 bis 150 aufweist und 55 Gew.% bis 65 Gew.% einer ersten Fraktion mit hohem Molekulargewicht, die einen
Schmelzindex (ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei 230 °C) von kleiner als 5 dg/min aufweist,
und 45 bis 35 Gew.% einer zweiten Fraktion mit niedrigem Molekulargewicht umfaßt, die einen Schmelzindex
(ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei 230 °C) von 60 bis 1.000 dg/min aufweist.

10. Abmischung nach Anspruch 9, wobei der Dispersionsindex Mw/Mn größer als 15 ist.

11. Abmischung nach einem der Ansprüche 9 oder 10, wobei das Verhältnis der Schmelzindexe der ersten und der
zweiten Fraktion mindestens 5 beträgt, wobei der Schmelzindex jeweils unter Benutzung der Arbeitsvorschriften
von ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei einer Temperatur von 230 °C bestimmt wird.
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12. Verfahren der Schmelzeverarbeitung einer Polypropylenabmischung, wobei das Verfahren das Bereitstellen einer
bimodalen Polypropylenabmischung, das Auswählen der Abmischung, so daß sie einen Dispersionsindex Mw/Mn
von 8 bis 70, ein Verhältnis Mz/Mn von 50 bis 150 aufweist und 55 Gew.% bis 65 Gew.% einer ersten Fraktion mit
hohem Molekulargewicht, die einen Schmelzindex (ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei 230
°C) von kleiner als 5 dg/min aufweist, und 45 bis 35 Gew.% einer zweiten Fraktion mit niedrigem Molekulargewicht
umfaßt, die einen Schmelzindex (ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei 230 °C) von 60 bis
1.000 dg/min aufweist, und das Verarbeiten der Abmischung in der Schmelze durch Ziehen der Abmischung, um
ein festes Produkt zu bilden, umfaßt.

13. Verfahren nach Anspruch 12, wobei der Dispersionsindex Mw/Mn größer als 15 ist.

14. Verfahren nach einem der Ansprüche 12 oder 13, wobei das Verhältnis der Schmelzindexe der ersten und der
zweiten Fraktion mindestens 5 beträgt, wobei der Schmelzindex jeweils unter Benutzung der Arbeitsvorschriften
von ASTM D 1238 unter Benutzung einer Last von 2,16 kg bei einer Temperatur von 230 °C bestimmt wird.

15. Verfahren nach einem der Ansprüche 12 bis 14, wobei die Abmischung durch reaktive Extrusion einer Mischung
aus mindestens zwei Fraktionen zusammen mit einer Mischung aus einem Kettenspaltmittel und einem Ketten-
aufpfropfmittel gebildet worden ist.

16. Verfahren nach Anspruch 15, wobei das Kettenspaltmittel 2,5-Dimethyl-2,5-di(tert-butylperoxy)hexan umfaßt.

17. Verfahren nach Anspruch 15 oder 16, wobei das Kettenaufpfropfmittel aus Allylmethacrylat und Divinylbenzol aus-
gewählt ist.

18. Verfahren nach einem der Ansprüche 12 bis 17 zum Bilden eines Gegenstandes, der aus Spinnfasern, Blasfolien,
Schäumen, wärmegeformten Gegenständen und Extrusionen ausgewählt ist.

Revendications

1. Utilisation d'un mélange de polypropylène multimodal dans un traitement de fusion, dans laquelle, pour optimiser
un compromis entre la résistance de fusion et l'aptitude à l'étirage, le mélange présente un indice de dispersion,
Mw/Mn, d'au moins 8 et un rapport Mz/Mn d'environ 50 à 150 et comprend de 55 % en poids jusqu'à 65 % en
poids d'une première fraction de poids moléculaire élevée présentant un indice de fluage (ASTM D R38 en utilisant
une charge de 2,16 kg à 230 °C) inférieur à 5 dg/min et de 35 à 45 % en poids d'une seconde fraction de poids
moléculaire faible présentant un indice de fluage (ASTM D R38 en utilisant une charge de 2,16 kg à 230 °C) allant
de 60 à 1 000 dg/min.

2. Utilisation selon la revendication 1, dans laquelle l'indice de dispersion est supérieur à 15.

3. Utilisation selon l'une quelconque des revendications 1 ou 2, dans laquelle le rapport des indices de fluage de la
première et seconde fractions est d'au moins 5, chaque indice de fluage étant déterminé en utilisant les procédures
d'ASTM D 1238 en utilisant une charge de 2,16 kg à une température de 230 °C.

4. Utilisation selon l'une quelconque des revendications précédentes, dans laquelle le mélange a été formé par l'ex-
trusion réactive d'un mélange d'au moins deux fractions avec un mélange d'un agent de scission de chaîne et d'un
agent de réticulation de chaîne.

5. Utilisation selon la revendication 4, dans laquelle l'agent de scission de chaîne comprend le 2,5-diméthyl-2,5-di
(tert-butylpéroxy)hexane.

6. Utilisation selon la revendication 4 ou 5, dans laquelle l'agent de réticulation de chaîne est choisi parmi le métha-
crylate d'allyle ou le benzène divinylique.

7. Utilisation selon l'une quelconque des revendications précédentes pour la formation de fibres câblées, de feuilles
soufflées, de mousses, d'articles thermoformés et d'extrusions.

8. Fibres câblées présentant un bon compromis entre la résistance de fusion et l'aptitude à l'étirage, préparées à
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partir d'un mélange de polypropylène dans un processus de fusion dans lequel le mélange présente un indice de
dispersion, Mw/Mn, d'au moins 8 et un rapport Mz/Mn de 50 à 150 et comprenant de 55 à 65 % en poids d'une
première fraction de poids moléculaire élevée, présentant un indice de fluage (ASTM D R38 en utilisant une charge
de 2,16 kg à 230 °C) inférieur à 5 dg/min et de 45 à 35 % en poids d'une seconde fraction de poids moléculaire
faible présentant un indice de fluage (ASTM D R38 en utilisant une charge de 2,16 kg à 230 °C) faible allant de
60 et 1 000 dg/min.

9. Mélange de polypropylène bimodal présentant un indice de dispersion, Mw/Mn, d'au moins 8, un rapport Mz/Mn
de 50 à 150 et comprenant de 55 % en poids jusqu'à 65 % en poids d'une première fraction de poids moléculaire
élevée présentant un indice de fluage (ASTM D R38 en utilisant une charge de 2,16 kg à 230 °C) inférieur à 5 dg/
min et de 45 à 35 % en poids d'une seconde fraction de faible poids moléculaire présentant un indice de fluage
(ASTM D R38 en utilisant une charge de 2,16 kg à 230 °C) allant de 60 à 1 000 dg/min.

10. Mélange selon la revendication 9, dans lequel l'indice de dispersion, Mw/Mn, est supérieur à 15.

11. Mélange selon l'une quelconque des revendications 9 ou 10, dans lequel le rapport des indices de fluage de la
première et de la seconde fractions s'élève au moins à 5, chaque indice de fluage étant déterminé en utilisant les
procédures d'ASTM D 1238 en utilisant une charge de 2,16 kg à une température de 230 °C.

12. Procédé de traitement de fusion d'un mélange de polypropylène, procédé comprenant l'alimentation en mélange
de polypropylène bimodal, la sélection du mélange en vue d'obtenir un indice de dispersion, Mw/Mn, de 8 à 70,
un rapport Mz/Mn de 50 à 150 et comprenant de 55 à 65 % en poids d'une première fraction de poids moléculaire
élevée, présentant un indice de fluage (ASTM D R38 en utilisant une charge de 2,16 kg à 230 °C) inférieur à 5
dg/min et de 45 à 35 % en poids d'une seconde fraction de poids moléculaire faible présentant un indice de fluage
(ASTM D R38 en utilisant une charge de 2,16 kg à 230 °C) allant de 60 et 1 000 dg/min, et traitement du mélange
dans la fusion par l'étirement du mélange pour former un produit solide.

13. Procédé selon la revendication 12, dans lequel l'indice de dispersion, Mw/Mn, est supérieur à 15.

14. Procédé selon l'une quelconque des revendications 12 ou 13, dans lequel le rapport des indices de fluage de la
première et seconde fractions est d'au moins 5, chaque indice de fluage étant déterminé en utilisant les procédures
de ASTM D 1238 en utilisant une charge de 2,16 kg à une température de 230 °C.

15. Procédé selon l'une quelconque des revendications 12 à 14, dans lequel le mélange a été formé par extrusion
réactive d'un mélange d'au moins deux fractions avec un mélange d'un agent de scission de chaîne et d'un agent
de réticulation de chaîne.

16. Procédé selon la revendication 15, dans lequel l'agent de scission de chaîne comprend le 2,5-diméthyl-2,5-di(tert-
butylpéroxy)hexane.

17. Procédé selon la revendication 15 ou 16, dans lequel l'agent de réticulation de chaîne est choisi parmi le métha-
crylate d'allyle ou le benzène divinylique.

18. Procédé selon l'une quelconque des revendications 12 à 17 pour la formation d'un article choisi parmi des fibres
câblées, des feuilles soufflées, des mousses, des articles thermoformés et des extrusions.
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