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(57) ABSTRACT 

The invention relates to a high-molecular-weight copolymer 
comprising ethylene and propylene units which has an 
ethylene content in the range from 1 to 10% by weight, a 
melt flow rate MFR (230/5) of <5 dg/min and a molecular 
weight distribution M/M, in the range from 6 to 20. The 
invention also relates to a proceSS for the preparation of the 
copolymer in the presence of a catalyst, an organoaluminum 
compound (B) and an organosilicon compound (C), in which 
the polymerization is carried out in two reaction Steps, where 
the Suspension medium in the first Step is simultaneously the 
monomer, and a polypropylene having a Viscosity of from 
500 to 1400 ml/g which makes up a proportion of from 20 
to 80% of the total polymer is prepared in the first reaction 
Step. 
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HIGH-MOLECULAR-WEIGHT POLY PROPYLENE 
HAVING A BROAD MOLECULAR-WEIGHT 

DISTRIBUTION 

0001. The present invention relates to high-molecular 
weight copolymers comprising ethylene and propylene units 
which have an ethylene content in the range from 1 to 10% 
by weight. 

0002 The invention also relates to a process for the 
preparation of these polymers, and to moldings, Such as 
pipes, fittings, hollow ware and sheets, made from Said 
polymers. 
0003) DE-A40 19053 discloses homopolymers having a 
broad molecular-weight distribution. These homopolymers 
can be converted into pipes with great difficulty. However, 
pipes produced in this way have the disadvantage of being 
very brittle and having a rough Surface, which means that 
they are not Suitable for practical use. 
0004 EP-A-573 862 discloses a process for the prepara 
tion of polypropylene having a molecular-weight distribu 
tion M/M of >20 and good processing properties. The melt 
flow index is 2 dg/min; the intrinsic viscosity is 280 ml/g. 
The polypropylene described in this way is prepared by 
gas-phase polymerization. Examples 1 to 4 of EP-A-573 862 
describe the preparation of a homopolypropylene powder 
having a broad molecular-weight distribution. Although 
none of the examples indicate the polydispersity M/M, the 
intrinsic viscosity data (800 ml/g and 67 ml/g) Suggest a very 
broad molecular-weight spread in the first and Second StepS. 
0005) The processes described in the prior art (EP-A-573 
862) have been repeated in order to enable testing of the 
properties of the materials. It has been found that all raw 
materials are very brittle and have restricted processing 
quality and material inhomogeneity. The production of PP 
pipes by a conventional extrusion process was in Some cases 
impossible Since the Viscosity of the melt was inadequate for 
an extrusion process. 
0006 The object of the present invention was to find an 
improved molding composition which allows pipes having 
low brittleneSS and a Smooth Surface and in addition high 
toughness and good rigidity in combination with excellent 
creep rupture Strength to be produced using conventional 
production tools. 
0007. This object is achieved by copolymers of the 
generic type mentioned at the outset which have a melt flow 
rate MFR (230/5) of <2 dg/min and a molecular-weight 
distribution M/M in the range from 6 to 20. 
0008 Surprisingly, it has been found that the novel 
propylene-ethylene copolymers can be converted, using 
conventional production tools, into pipes which have 
Smooth finished Surfaces, good processing quality, high 
impact Strength, good hardneSS and good creep rupture 
Strength. 

0009. The invention also relates to a process for the 
preparation of the propylene/ethylene copolymers by copo 
lymerization of propylene and ethylene, if desired with a 
further 1-olefin having 4 to 20 carbon atoms, in Suspension 
at a temperature in the range from 30 to 150 C., a pressure 
of from 10 to 100 bar and a residence time of from 30 min 
to 6 h, in the presence of a commercially available catalyst 
(for example catalyst FT4S from Montell, Milan, Italy), an 
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organoaluminum compound (B) and, if desired, an organo 
Silicon compound (C), which comprises carrying out the 
polymerization in two reaction Steps, where the Suspension 
medium in the first Step is both monomer and Suspension 
medium and a polypropylene having a Viscosity of from 500 
to 1400 ml/g which makes up a proportion of from 20 to 
80% of the total polymer is prepared in the first reaction step, 
and where the total polymer after the Second reaction Step 
has a viscosity of from 400 to 700 ml/g and a polydispersity 
M/M of from 6 to 20. 
0010. In the first reaction step, a high-molecular-weight 
product having a viscosity of from 500 to 1400 mug which 
makes up a proportion of from 20 to 80% by weight, 
preferably from 45 to 75% by weight, particularly preferably 
from 48 to 65% by weight, of the total polymer is prepared, 
while in the Second reaction Step, a low-molecular-weight 
product having a viscosity of from 200 to 400 ml/g which 
makes up a proportion of from 80 to 20% by weight, 
preferably from 55 to 25% by weight, particularly preferably 
from 52 to 35% by weight, is prepared. 
0011. The polymerization is carried out by a bulk process 
in two reaction Steps, where the monomer, the propylene, is 
Simultaneously starting material and Suspension medium. 
0012. The novel process is carried out as a two-step 
polymerization with prior prepolymerization. Both the first 
and the Second reaction Steps and the prepolymerization can 
be carried out either batchwise or continuously. Continuous 
mode is preferred. 
0013 Component B and component C are mixed with 
one another before the prepolymerization and then brought 
into contact with the catalyst. Propylene is prepolymerized 
in Suspension or in bulk in the presence of these active 
components. The prepolymerization is preferably carried out 
in the liquid monomer. The residence time is from 4 to 10 
minutes, and the prepolymerization temperature is in the 
range from 10 to 25 C. 
0014. The prepolymer is then introduced into the first 
reaction Step of the polymerization, where it is polymerized 
in liquid propylene at a temperature of from 55 to 100 C. 
and at a residence time of from 0.5 to 3.5 h. A phase ratio 
in the range from 2.5 to 41 of liquid propylene per kg of PP, 
preferably of 3.3 l of liquid propylene per kg of PP, is 
established. In the first reaction Step, ethylene is metered in 
continuously in Such a way that a C concentration in the 
liquid phase of from 0.1 to 20% by weight, preferably from 
0.1 to 10% by weight, is established. Hydrogen is metered 
in for molecular-weight regulation. 
0015. After the first reaction step, the multiphase system 
is transferred into the Second reaction Step, where it is 
polymerized at a temperature of from 55 to 100° C. The 
Second reaction Step is carried out in a Second reactor, where 
a phase ratio of from 1 to 2.51 of liquid propylene per kg of 
PP, preferably of 1.9l of liquid propylene per kg of PP, is 
established. It is preferred in accordance with the invention 
to establish different phase ratios in the two reactors in the 
process described here. AS described above, ethylene and H2 
are likewise metered in. 

0016. The temperatures, hydrogen concentrations and 
ethylene concentrations in the two reactors can be identical 
or different. Suitable reactors are Stirred reactors or loop 
reactOrS. 
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0.017. It is possible to decompress the monomer between 
the two reactors and to meter the catalyst/PP system, which 
is still polymerization-active, into the Second reactor. It is 
also possible to Set a lower hydrogen concentration in the 
Second reactor than in the first reactor. 

0.018 Component B is trimethylaluminum, triisobutyla 
luminum or triethylaluminum. Triethylaluminum or tri 
isobutylaluminum is preferred. Triethylaluminum is particu 
larly preferred. 

0.019 Component C is cyclohexylmethyldimethoxysi 
lane, biscyclopentyldimethoxysilane or diphenyidimethoX 
ySilane. Cyclohexylmethyldimethoxysilane or biscyclopen 
tyldimethoxysilane is particularly preferred. 

0020 Component B is employed in a concentration of 
from 0.001 to 10 mmol/l, preferably from 0.1 to 5 mmol/l. 
Component C is employed in a ratio R with respect to 
component B. The ratio is calculated from the quotient of 
concentration B and concentration C, in each case in mol/l. 
The ratio is from 1 to 200, preferably from 2 to 100, 
particularly preferably from 2.5 to 75. 

0021 Preference is given in accordance with the inven 
tion to products having an MFR (230/5) of 0.01 to 5 dg/min, 
particularly preferably from 0.02 to 2 dg/min. The copoly 
mer of the invention consists of from 1.0 to 10% by weight 
of ethylene units and from 99 to 90% by weight of propylene 
units. 

0022. After the second reaction step, the mixture of 
propylene, hydrogen and ethylene is worked up. Preference 
is given to rapid evaporation of the liquid monomer in one 
Step. The purified copolymer is Subsequently dried in a 
Stream of inert gas, and it is ensured that the copolymer is 
free from monomer. The resultant high-molecular-weight 
copolymer is mixed with Stabilizers, lubricants, fillers, pig 
ments, etc. and granulated. The granulation is carried out in 
an extruder or compounder. 

0023 The evaporated monomer mixture is condensed 
and Separated by distillation into ethylene, propylene and 
hydrogen. The distillation should be designed So that a 
hydrogen concentration of <150 ppm, preferably <80 ppm, 
is ensured. The monomer purified in this way is then metered 
back into the first reactor. 

0024. The examples below are intended to illustrate the 
invention. The products prepared were characterized by the 
following polymer-analytical methods: 

in accordance with DIN 53735 
determined at 135 C. in decalin 
in accordance with DIN 53759 
in accordance with DIN 8078 

Melt flow rate MFR (230/5) 
Viscosity number ml/g 
Creep rupture strength 
Impact strength 

EXAMPLE 1. 

0.025 The polymerization is carried out continuously in 
two Stirred reactors, each with a capacity of 16 l, connected 
in Series. Each reactor is charged with 10 l of liquid 
propylene. Cocatalyst B used is triethylaluminum in a con 
centration of 1 mmol/l, the concentration of the Stereoregu 
lator C is 0.1 mmol/l. The stereoregulator (C) used is 
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cyclohexylmethyldimethoxysilane. The hydrogen concen 
tration in the liquid phase is Set at 60 ppm by Vol. 
0026. A mixture of propylene and ethylene is polymer 
ized in the first reactor at 70° C. in the presence of the 
Montell FT4S catalyst. The catalyst, cocatalyst, ethylene, 
propylene and hydrogen are topped up continuously. 15 g of 
ethylene are metered in per kg of propylene. The polymer 
ization is continued to a Solids content of 224 g of polypro 
pylene per liter of Suspension. This gives a phase ratio of 3.3 
1 of liquid propylene per kg of polypropylene. Hydrogen is 
metered in at Such a rate that a concentration of 60 ppm is 
established in the liquid phase. 
0027. The polypropylene obtained in the first reactor is 
transferred into the Second reactor together with the catalyst. 
Ethylene, hydrogen and propylene are metered into the 
Second reactor. 15 g of ethylene are metered in per kg of 
propylene. The H concentration in the liquid phase is 420 
ppm by Vol. The reaction temperature in the Second reactor 
is likewise 70° C. The polymerization is continued to a 
solids content of 324 g of PP per liter of Suspension. This 
gives a phase ratio of 1.9l of liquid propylene per kg of 
polypropylene. 

0028. After the polymer has been isolated as a powder 
from the Second reactor, a catalyst yield of 26 kg of 
polypropylene/g of catalyst is obtained. A molecular-weight 
distribution M/M of 9.0, an MFR value of 0.8 dg/min, and 
a Viscosity number of 630 ml/g are measured. A C incor 
poration of 3.6% by weight is measured by IR spectroscopy. 
The content soluble in cold xylene is measured at 7.9% by 
weight. 

COMPARATIVE EXAMPLE 1. 

0029. The procedure was as in Example 1. However, the 
phase ratio of liquid propylene in 1 per kg of polypropylene 
was set to the same value in reactor 1 and reactor 2; the same 
hydrogen concentration was Set in the two reactors. A value 
of 4.0 was determined for M/M. 

EXAMPLE 2 

0030 The powder obtained from Example 1 was granu 
lated at about 240 C. under an inert gas in a twin-screw 
extruder with a screw diameter of 53 mm, with addition of 
0.15% of (RIrganox 1010 and 0.15% of (RHostanox PAR 24 
as Stabilizers. In addition, a dye mixture was added. The 
granules obtained were Subjected to an M/M determina 
tion. M/M was 8.0. 

COMPARATIVE EXAMPLE 2 

0031. The powder obtained from Comparative Example 
1 was granulated at about 240 C. under an inert gas in a 
twin-screw extruder with a screw diameter of 53 mm, with 
addition of 0.15% of (RIrganox 1010 and 0.15% of (RHos 
tanox PAR 24 as stabilizers. In addition, a dye mixture was 
added. The granules obtained were Subjected to an M/M 
determination. M/M was 3.8. 
0032. The granules obtained in this way were converted 
into pipes measuring 32x4.5 mm (internal diameter=32 mm, 
wall thickness=4.5 mm) in a pipe extrusion unit with a 60 
mm grooved-barrel extruder and a vacuum spray tank. The 
material throughput was 150 kg/h. The material temperature 
was set at 210 C. The pipe surface was very rough. 
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EXAMPLE 3 

0033. The granules from Example 2 were converted into 
pipes measuring 32x4.5 mm (internal diameter=32 mm, wall 
thickneSS=4.5 mm) in a pipe extrusion unit with a 60 mm 
grooved-barrel extruder and a vacuum Spray tank. The 
material throughput was 150 kg/h. The material temperature 
was set at 210° C. 

0034. It was observed that the processing proceeded very 
uniformly and the pipe Surfaces, both internal and external, 
were very Smooth. The pipe Surface was characterized by 
comparison with pipes produced from granules having a 
narrow molecular-weight distribution (see Comparative 
Example 2, M/M=3.8) in the same pipe extrusion unit 
under identical conditions. The impact Strength of the pipes 
(Example 3) was good and met the requirements of DIN 
8078, Section 3.5. 
0035. The pipes from Example 3 were subjected to 
various creep rupture Strength tests in accordance with DIN 
53759: 

Minimum 
time-to-failure Achieved 

Test temperature Test stress (nominal) time-to-failure 

95° C. 3.5 MPa. >1000 h. >5OOOh 
95° C. 3.7 MPa. >300 h. >225Oh 

120° C. 2.3 MPa. >300 h. >2200 h. 

0.036 The minimum times-to-failure prescribed in DIN 
8078 (PP pipes) were clearly exceeded. The pipes from 
Example 3 have a very good creep rupture Strength behavior 
and a very Smooth Surface. 

COMPARATIVE EXAMPLE 3 

0037 Pipes were produced from homopolypropylene 
granules produced with a bimodal molecular-weight distri 
bution (preparation procedure of DE -A-40 19053). These 
pipes were Subjected to a creep rupture Strength test in 
accordance with DIN 53759, and the surface quality was 
assessed in accordance with DIN. The pipes produced in this 
way were rough and failed the creep rupture Strength test. 

EXAMPLE 4 

0038 Propylene is polymerized to polypropylene (PP) in 
a polymerization plant with two reactors connected in Series. 
The catalyst (FT4S from Montell), triethylaluminum and 
cyclohexylmethyidimethoxysilane are mixed with one 
another and prepolymerized continuously in liquid propy 
lene in an upstream prepolymerization reactor. The mixture 
of catalyst, triethylaluminum, cyclohexylmethyidimethoX 
ySilane, propylene and polypropylene is metered into the 
first reactor. In addition, propylene is introduced into the first 
reactor via a storage tank. Hydrogen and ethylene are 
dissolved in the liquid propylene and then metered into the 
reactor via this stream. A concentration of 60 ppm of 
hydrogen is Set in the liquid propylene. 17 t/h of propylene 
are introduced into the first reactor. 7.5 kg of ethylene are 
metered in per tonne of propylene. Propylene is converted 
into PP in the reactor in the presence of the FT4S catalyst. 
The reaction mixture is removed continuously from the first 
reactor and metered into the Second reactor. 7t/h of propy 
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lene are metered into the Second reactor. A concentration of 
420 ppm of hydrogen is Set in this propylene Stream; a 
concentration of 7.5 kg of ethylene/t of propylene is Set. 
After passing through the Second reactor, the reaction mix 
ture is worked up in a stirred vessel by decompression to 18 
bar, and the PP and the gaseous components are Separated 
from one another. The gaseous propylene is condensed, 
distilled and then fed back into the storage tank. 0.9 mmol 
of Al, 0.18 mmol of donor and 5umol of catalyst (measured 
as umol of Ti) are metered in per liter of liquid propylene 
metered into the first reactor. 

0039. A phase ratio of 3.3 l of liquid propylene per kg of 
PP is set in the first reactor; a phase ratio of 1.91 of liquid 
propylene per kg of PP is established in the Second reactor. 
The ratio between the amounts of heat removed from the 
reactors is 1.4:1 (1st reactor/2nd reactor). The PP product 
obtained has a polydispersity M/M of 7.0. 

COMPARATIVE EXAMPLE 4 

0040. The procedure was as in Example 5, but a phase 
ratio of 3.31 of liquid propylene per kg of PP was established 
in the first and second reactors. The ratio between the 
amounts of heat removed from the reactors was 3.4:1 (1st 
reactor/2nd reactor). 
0041. The PP product obtained had a polydispersity 
M/M, of 4.8. The PP powder obtained was granulated as 
described in Example 2. Pipes were produced from the 
granules as described in Example 3 and Subjected to a creep 
rupture Strength test as described in Example 4. The pipes 
had a very rough Surface and did not meet the requirements 
of DIN 8078, Section 3.5. 

0042. The pipes were subjected to various creep rupture 
strength tests in accordance with DIN 53759; the target 
values were not achieved. 

EXAMPLE 5 

0043. The procedure was as in Example 4, but 10 kg of 
ethylene?t of propylene were introduced into the first reactor 
and 5 kg of ethylene?t of propylene were introduced into the 
second reactor. The PP powder obtained in this way was 
granulated as described in Example 2. Pipes were produced 
from the granules as described in Example 3 and Subjected 
to a creep rupture Strength test as described in Example 4. 

0044) The requirements of DIN 8078, Section 3.5, were 
met. The pipes were Subjected to various creep rupture tests 
in accordance with DIN 53759: 

Minimum 
time-to-failure Achieved 

Test temperature Test stress (nominal) time-to-failure 

95° C. 3.5 MPa. >1000 h. >7OOOh 
95° C. 3.7 MPa. >300 h. >32SOh 
120° C. 2.3 MPa. >300 h. >32SOh 

004.5 The minimum times-to-failure prescribed in DIN 
8078 (PP pipes) were significantly exceeded. The pipes had 
a very good creep rupture Strength behavior and a very 
Smooth Surface. 



US 2002/0010297 A1 

EXAMPLE 6 

0046) The procedure was as in Example 5, but 5 kg of 
ethylene?t of propylene were introduced into the first reactor 
and 10 kg of ethylene/t of propylene were introduced into 
the Second reactor. 

0047 The pipe test showed that the requirements of DIN 
8078, Section 3.5, were met. The pipes were subjected to 
various creep rupture Strength tests in accordance with DIN 
53759: 

Minimum 
time-to-failure Achieved 

Test temperature Test stress (nominal) time-to-failure 

95° C. 3.5 MPa. >1000 h. >5OOOh 
95° C. 3.7 MPa. >300 h. >225Oh 

120° C. 2.3 MPa. >300 h. >2200 h. 

0.048. The minimum times-to-failure prescribed in DIN 
8078 (PP pipes) were significantly exceeded. The pipes had 
a very good creep rupture Strength behavior and very Smooth 
Surfaces. 

EXAMPLE 7 

0049. The procedure was as in Example 5, but 15 kg of 
ethylene?t of propylene were introduced into the first reactor 
and 1 kg of ethylene?t of propylene were introduced into the 
Second reactor. 

0050. The pipe test showed that the requirements of DIN 
8078, Section 3.5, were met. The pipes were subjected to 
various creep rupture Strength tests in accordance with DIN 
53759: 

Minimum 
time-to-failure Achieved 

Test temperature Test stress (nominal) time-to-failure 

95° C. 3.5 MPa. >1000 h. >7OOOh 
95° C. 3.7 MPa. >300 h. >32SOh 

120° C. 2.3 MPa. >300 h. >32SOh 

0051. The minimum times-to-failure prescribed in DIN 
8078 (PP pipes) were significantly exceeded. The pipes had 
a very good creep rupture Strength behavior and very Smooth 
Surfaces. 

EXAMPLE 8 

0.052 The procedure was as in Example 5, but 15 kg of 
ethylene?t of propylene were introduced into the Second 
reactor and 1 kg of ethylene/t of propylene were introduced 
into the first reactor. 

0053) The pipe test showed that the requirements of DIN 
8078, Section 3.5, were met. The pipes were subjected to 
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various creep rupture Strength tests in accordance with DIN 
53759: 

Minimum 
time-to-failure Achieved 

Test temperature Test stress (nominal) time-to-failure 

95° C. 3.5 MPa. >1000 h. >1100 h. 
95° C. 3.7 MPa. >300 h. >350 h. 
120° C. 2.3 MPa. >300 h. >340 h. 

0054 The minimum times-to-failure prescribed in DIN 
8078 (PP pipes) were significantly exceeded. The pipes had 
a very good creep rupture Strength behavior and very Smooth 
Surfaces. 

EXAMPLE 9 

0055. The procedure was as in Example 4, but dicyclo 
pentyidimethoxysilane was used as Stereoregulator in the 
concentration of 0.036 mmol per 1 of liquid propylene. 40 
ppm of hydrogen were metered into the first reactor. A 
concentration of 3,500 mol-ppm of hydrogen was set in the 
inlet Stream to the Second reactor. A catalyst yield of 30 kg 
of PP/g of catalyst was established. The end product was 
found to have a molecular-weight distribution M/M of 
18.5. The MFR (230/5) value was 0.8 dg/min. 7.5 kg of 
ethylene per tonne of propylene were metered into both the 
first and Second reactors. 

0056. The granulation and pipe production were carried 
out as described in Examples 2 and 3. The pipe test showed 
that the requirements of DIN 8078, Section 3.5, were met. 
The pipes were Subjected to various creep rupture Strength 
tests in accordance with DIN 53759: 

Minimum 
time-to-failure Achieved 

Test temperature Test stress (nominal) time-to-failure 

95° C. 3.5 MPa. >1000 h. 7900 h. 
95° C. 3.7 MPa. >300 h. >3550 h. 
120° C. 2.3 MPa. >300 h. >3500 h. 

0057 The minimum times-to-failure prescribed in DIN 
8078 (PP pipes) were significantly exceeded. The pipes had 
very good creep rupture Strength behaviour and highly 
Smooth Surfaces. 

EXAMPLE 10 

0058. The procedure was as in Example 9, but 10 kg of 
ethylene?t of propylene were introduced into the first reactor 
and 5 kg of ethylene?t of propylene were introduced into the 
Second reactor. After granulation of the powder and produc 
tion of pipes from the granules as described in Examples 2 
and 3, the creep rupture Strength test in accordance with DIN 
53759 on the resultant pipes showed that the target values 
were again Significantly exceeded; the pipe Surfaces were 
highly Smooth, both internally and externally. 

EXAMPLE 11 

0059. The procedure was as in Example 9, but 10 kg of 
ethylene?t of propylene were introduced into the first reactor 
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and 5 kg of ethylene?t of propylene were introduced into the 
Second reactor. After granulation of the powder and produc 
tion of pipes from the granules as described in Examples 2 
and 3, the creep rupture Strength test in accordance with DIN 
53759 on the resultant pipes showed that the target values 
were again Significantly exceeded; the pipe Surfaces were 
highly Smooth, both internally and externally. 

EXAMPLE 12 

0060. The procedure was as in Example 4, but diphe 
nyldimethoxysilane was used as Stereoregulator. An M/M. 
value of 6.1 was measured on the powder. The creep rupture 
Strength test in accordance with DIN was passed; the pipe 
Surface was Smooth. 

EXAMPLE 13 

0061 The procedure was as in Example 9, but 80 ppm of 
hydrogen were metered into the first reactor and 1500 ppm 
into the second reactor. An M/M value of 12.5 was 
measured on the powder. The creep rupture Strength test in 
accordance with DIN on pipes produced from this powder as 
described in Examples 2 and 3 was passed; the pipe Surface 
was Smooth. 

1. A high-molecular-weight copolymer comprising ethyl 
ene and propylene units having an ethylene content in the 
range of from 1 to 10% by weight, a melt flow rate MFR 
(230/5) of <5 dg/min and a molecular-weight distribution 
M/M, in the range of from 6 to 20. 

2. A copolymer as claimed in claim 1, having a MFR 
(230/5) in the range of from 0.02 to 2 dg/min and a 
molecular-weight distribution M/M in the range of from 7 
to 18. 

3. A copolymer as claimed in claim 2, comprising ethyl 
ene units in an amount of from 2 to 8% by weight. 

4. A proceSS for the preparation of a propylene/ethylene 
copolymer as claimed in claim 1 by copolymerization of 
propylene and ethylene, if desired with a further 1-olefin 
having 4 to 20 carbon atoms, in Suspension at a temperature 
in the range from 30 to 150 C., a pressure of from 10 to 100 
bar and a residence time of from 30 min to 6 h, in the 
presence of a catalyst, an organoaluminum compound (B) 
and an organosilicon compound (C), wherein the polymer 
ization is run in two reaction Steps, where the Suspension 
medium, in the first Step, is both monomer and Suspension 
medium and a polypropylene having a Viscosity of from 500 
to 1400 ml/g which makes up a proportion of from 20 to 
80% of the total polymer is prepared in the first reaction step, 
and where the total polymer after the Second reaction Step 
has a viscosity of from 400 to 700 ml/g and a polydispersity 
M/M of from 6 to 20. 

5. The process as claimed in claim 4, wherein a polypro 
pylene which makes up a proportion of from 45 to 75% by 
weight of the total polymer is prepared in the first reaction 
Step. 

6. The process as claimed in claim 4, wherein a low 
molecular-weight polypropylene having a Viscosity of from 
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200 to 400 ml/g which makes up a proportion of from 55 to 
25% by weight of the total polymer is prepared in the second 
reaction Step. 

7. A process as claimed in claim 6, wherein the proportion 
of the low-molecular-weight polymer prepared in the Second 
step is of from 52 to 35% by weight. 

8. The process as claimed in claim 4, wherein a prepo 
lymerization is carried out, where component B and com 
ponent C are mixed with one another before the prepoly 
merization and then brought into contact with the catalyst, 
and where propylene is prepolymerized in Suspension in the 
presence of these active components at a residence time of 
from 4 to 10 minutes and at a temperature in the range of 
from 10 to 25 C. 

9. The process as claimed in claim 4, wherein the poly 
merization in the first reaction Step is carried out in liquid 
propylene at a temperature of from 55 to 100° C. and at a 
residence time of from 0.5 to 3.5 h. 

10. The proceSS as claimed in claim 4, wherein a phase 
ratio in the range from 2.5 to 41 of liquid propylene per kg 
of polypropylene is established in the first reaction Step. 

11. The process as claimed in claim 4, wherein an 
ethylene concentration in the liquid phase of from 0.1 to 
20% by weight is set in the first reaction step. 

12. The process as claimed in claim 4, wherein the 
polymerization in the Second reaction Step is carried out at 
a temperature in the range from 55 to 100° C., with a phase 
ratio of from 1 to 2.5 l of liquid propylene per kg of 
polypropylene being established. 

13. The process as claimed in claim 4, wherein different 
phase ratios are established in the first and Second reaction 
StepS. 

14. The process as claimed in claim 4, wherein component 
B is trimethylaluminum, triisobutylaluminum or triethyla 
luminum. 

15. The process as claimed in claim 4, wherein component 
C is cyclohexylmethyldimethoxysilane, biscyclopen 
tyldimethoxysilane or diphenyldimethoxysilane. 

16. The process as claimed in claim 4, wherein component 
B is employed in a concentration of from 0.001 to 10 
mmol/l. 

17. The process as claimed in claim 4, wherein component 
B is employed in a concentration of from 0.1 to 5 mmol/l. 

18. The process as claimed in claim 4, wherein component 
C is employed in a ratio R with respect to component B 
which is calculated from the quotient of concentration B and 
concentration C, in each case in mol/l, and is in the range of 
from 1 to 200. 

19. The process as claimed in claim 18, wherein the 
quotient is in the range of from 2 to 100. 

20. The process as claimed in claim 19, wherein the 
quotient is in the range of from 2.5 to 75. 


