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Polyethylene molding composition for producing injection-molded finished parts

Description

The present invention relates to a polyethylene molding composition which has a multimodal mo

lecular mass distribution and is particularly suitable for producing injection-molded finished parts,

for example closures and bottles, and to a process for preparing this molding composition in the

presence of a suitable catalyst, preferably a Ziegler catalyst.

The invention further relates to the use of such a molding composition for producing injection-

molded finished parts, and to finished parts produced by injection-molding processes.

The expressions "polyethylene molding composition which has a multimodal molecular mass d is

tribution" or simply "multimodal polyethylene" refer to a polyethylene molding composition or a

polyethylene having a molecular mass distribution curve of multimodal configuration, i.e. a po ly

ethylene comprising a plurality of ethylene polymer fractions having distinct molecular weights.

For example, according to a preferred embodiment of the present invention, a multimodal po ly

ethylene can be prepared via a multistage reaction sequence comprising successive polymeriza

tion steps carried out under predetermined different reaction conditions in respective reactors

arranged in series so as to obtain respective polyethylene fractions having different molecular

weights. A process of this type can be performed in a suspension medium: in this case, mono

mers and a molar mass regulator, preferably hydrogen, are firstly polymerized in a first reactor

under first reaction conditions in the presence of a suspension medium and a suitable catalyst,

preferably a Ziegler catalyst, then transferred to a second reactor and further polymerized under

second reaction conditions, and, if the polyethylene to be prepared is for example trimodal, further

transferred to a third reactor and further polymerized under third reaction conditions, with the first

reaction conditions differing from the second and third reaction conditions so as to obtain three

polyethylene fractions having different molecular weights. This difference in molecular weight in

the different ethylene polymer fractions is normally evaluated through the weight average molecu-

lar weight Mw.

Although Ziegler catalysts are particularly suitable for the preferred applications of the present

invention, it is also possible to use other catalysts, for example catalysts having a uniform catalyst

center (or "single site" catalysts), e.g. metallocene catalysts.

Polyethylene is widely used for producing injection-molded finished parts. The polyethylenes used

for this purpose should have a high mechanical strength and stiffness in order to be suitable to

produce thin-walled injection-molded parts. In addition, the material has to have a high degree of

environmental stress cracking resistance. If the finished parts are used as food packaging, the

material also has to have excellent organoleptic properties. In addition, for the abovementioned



injection-molding applications, the molding composition has to be easily processable, in particular

by injection molding.

Polyethylene molding compositions having a unimodal molecular mass distribution, i.e. compris-

ing a single ethylene polymer fraction having a predetermined molecular weight, have disadvan

tages in terms of processability, environmental stress cracking resistance and mechanical tough

ness, which are unsatisfactory for injection-molding applications.

In comparison, molding compositions having a bimodal molecular mass distribution represent a

technical step forward. A molding composition for injection-molded finished parts based on po ly

ethylene which has a bimodal molecular mass distribution can be processed relatively easily and

exhibits better mechanical properties compared to conventional unimodal molding compositions.

Although a molding composition having a bimodal molecular mass distribution is easier to be

processed and has a better environmental stress cracking resistance and a higher mechanical

strength at the same density with respect to an unimodal molding composition, the mechanical

properties, and in particular the environmental stress cracking resistance, the strength and the

stiffness of a bimodal molding composition nevertheless still need to be improved.

It is therefore an object of the present invention to provide a molding composition which is based

on polyethylene and has significant advantages in respect of mechanical strength combined with

increased stiffness and in respect of environmental stress cracking resistance, while retaining

good processability when processed by injection molding.

This object is achieved by a molding composition having a multimodal molecular mass distribution

comprising from 25 to 50% by weight of a low molecular weight ethylene homopolymer A, from 28

to 50% by weight of a high molecular weight ethylene copolymer B and 15 to 40% by weight of an

ultrahigh molecular weight ethylene copolymer C, with all percentages being based on the total

weight of the molding composition, wherein the molding composition has a density at a tempera

ture of 23O in the range from 0.940 to 0.957 g/cm3, an MFR (190 <€/2.16 kg) in the range from

0.5 to 4 dg/min and a viscosity number VN3 of the mixture of ethylene homopolymer A, copolymer

B and ethylene copolymer C, measured in accordance with ISO/R 1191 in decalin at a tempera

ture of 135°C, in the range from 150 to 300 cm3/g.

The expressions "low molecular weight ethylene homopolymer A", "high molecular weight ethyl-

ene copolymer B" and "ultrahigh molecular weight ethylene copolymer C" refer to an ethylene

homopolymer A, an ethylene copolymer B and an ethylene copolymer C, respectively, which have

different, increasing molecular weights.

Thanks to this combination of features, and in particular thanks to the multimodal molecular mass

distribution, these particular ranges for MFR, viscosity number VN3 and density, the polyethylene



molding composition of the present invention can be advantageously processed more easily,

while having improved strength and stiffness.

The high molecular weight ethylene copolymer B and/or the ultrahigh molecular weight ethylene

copolymer C are preferably copolymers of ethylene and at least a further olefin which preferably

has from 4 to 8 carbon atoms. Ethylene is thus used as monomer and the comonomer used is

preferably 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-pentene or a combination of

these. Preferred comonomers are 1-butene, 1-hexene and 4-methyl-1-pentene. Particular prefer

ence is given to 1-butene.

The high molecular weight copolymer B preferably comprises at least one comonomer in an

amount in the range from 1 to 10% by weight, more preferably in the range from 1 to 8% by

weight, in particular in the range from 1 to 6% by weight, based on the weight of copolymer B.

The ultrahigh molecular weight copolymer C preferably comprises at least one comonomer in an

amount in the range from 1 to 10% by weight, more preferably in the range from 1 to 8% by

weight, particularly preferably in the range from 1 to 6% by weight, based on the weight of co

polymer C.

These preferred amounts of comonomers make it possible to achieve an improved environmental

stress cracking resistance. Within these preferred ranges, the polyethylene molding composition

advantageously has a further improved combination of mechanical properties.

The ultrahigh molecular weight ethylene copolymer C preferably comprises one or more of the

comonomers mentioned above by way of example.

The polyethylene molding composition preferably has a density at a temperature of 23 °C in the

range from 0.942 to 0.957 g/cm 3, more preferably in the range from 0.945 to 0.957 g/cm 3, in par

ticular in the range from 0.948 to 0.957 g/cm 3.

In this way, the stiffness of the polyethylene molding composition is advantageously further in

creased without substantially altering the other mechanical properties and the processability.

The polyethylene molding composition preferably has a viscosity number VN3 of the mixture of

ethylene homopolymer A, ethylene copolymer B and ethylene copolymer C, measured in accor

dance with ISO/R 1191 in decalin at a temperature of 135 C, in the range from 150 to 280 cm3/g,

more preferably in the range from 180 to 260 cm3/g, in particular in the range from 180 to 240



The polyethylene molding composition preferably has a melt flow index in accordance with ISO

1133, condition D, expressed as MFR(190°C/2.16 kg), in the range from 0.5 to 3 dg/min, more

preferably in the range from 0.7 to 3 dg/min, in particular in the range from 1 to 2.7 dg/min.

The polyethylene molding composition is preferably prepared by means of a multistage reaction

sequence comprising successive polymerization steps. For example, when the reaction sequence

has three stages, a trimodal polyethylene molding composition is produced, while when the reac

tion sequence has four stages, a quadrimodal polyethylene molding composition is produced.

In order to obtain a multimodal polyethylene, the polymerization can be carried out in a multistage

process, i.e. in a plurality of stages carried out in respective reactors connected in series, with the

molecular mass preferably being regulated in each case by means of a molar mass regulator,

preferably hydrogen. In particular, the polymerization process is preferably carried out with the

highest hydrogen concentration being set in the first reactor. In the subsequent, further reactors,

the hydrogen concentration is preferably gradually reduced, so that the hydrogen concentration

used in the third reactor is lower with respect to hydrogen concentration used in the second reac

tor. Preferably, in the second reactor and in the third reactor a predetermined comonomer co n

centration is used, preferably increasing from the second reactor to the third reactor. As stated

above, in the stages where a copolymer fraction is prepared, preferably in the second reactor and

in the third reactor, ethylene is thus used as monomer and an olefin having from 4 to 8 carbon

atoms is preferably used as comonomer.

The molecular mass distribution of the polyethylene molding composition of the present invention

is preferably trimodal. In this way, it is possible to obtain the above-mentioned advantageous

combination of properties without excessively complicating the production process by providing

three reactors in series and thus advantageously containing the dimensions of the plant. So, in

order to prepare a trimodal polyethylene molding composition, the polymerization of ethylene is

preferably carried out in a continuous process performed in three reactors connected in series,

wherein different reaction conditions are respectively set in the three reactors. Preferably, the

polymerization is performed in suspension: in the first reactor, a suitable catalyst, for example a

Ziegler catalyst, is preferably fed in together with suspension medium, cocatalyst, ethylene and

hydrogen. Preferably, no comonomer is introduced in the first reactor. The suspension from the

first reactor is then transferred to a second reactor in which ethylene, hydrogen and preferably

also a predetermined amount of comonomer, for example 1-butene, are added. The amount of

hydrogen fed in the second reactor is preferably reduced compared to the amount of hydrogen

fed in the first reactor. The suspension from the second reactor is transferred to the third reactor.

In the third reactor, ethylene, hydrogen and, preferably, a predetermined amount comonomer, for

example 1-butene, preferably in an amount higher than the amount of comonomer used in the

second reactor, are introduced. The amount of hydrogen in the third reactor is reduced compared

to the amount of hydrogen in the second reactor. From the polymer suspension leaving the third



reactor the suspension medium is separated and the resulting polymer powder is dried and then

preferably pelletized.

The polyethylene is obtained by polymerization of the monomers, for example in suspension,

preferably at temperatures in the range from 70 to 90 C, preferably from 80 to 90°C, at a pre

ferred pressure in the range from 2 to 20 bar, preferably from 2 to 10 bar. The polymerization is

preferably carried out in the presence of a suitable catalyst, for example a Ziegler catalyst, pref

erably sufficiently active to ensure a predetermined productivity of multistage process. The Ziegler

catalyst is preferably composed of a transition metal compound and an organoaluminum com-

pound.

The preferred trimodality, i.e. the preferred trimodal configuration of the molecular mass distribu

tion curve, can be described in terms of the position of the centers of gravity of the three individual

molecular mass distributions by means of the viscosity numbers VN in accordance with ISO/R

119 1 of the polymers obtained after each polymerization stages.

The low molecular weight ethylene homopolymer A is preferably formed in the first polymerization

step: in this preferred embodiment, the viscosity number VN1 measured on the polymer obtained

after the first polymerization step is the viscosity number of the low molecular weight ethylene

homopolymer A and is preferably in the range from 50 to 150 cm3/g, more preferably from 60 to

120 cm3/g, in particular from 65 to 100 cm3/g.

According to alternative embodiments, either the high molecular weight ethylene copolymer B or

the ultrahigh molecular weight copolymer C may be formed in the first polymerization step.

The high molecular weight ethylene copolymer B is preferably formed in the second polymeriza

tion step.

According to a particularly preferred embodiment, in which the low molecular weight ethylene

homopolymer A is formed in the first polymerization step and the high molecular weight ethylene

copolymer B is formed in the second polymerization step, the viscosity number VN2 measured on

the polymer obtained after the second polymerization step is the viscosity number of the mixture

of the low molecular weight ethylene homopolymer A and of the high molecular weight ethylene

copolymer B. VN2 is preferably in the range from 70 to 180 cm3/g, more preferably from 90 to 170

cm3/g, in particular from 100 to 160 cm3/g.

In this preferred embodiment, starting from these measured values of VN1 and VN2, the viscosity

number VN of the high molecular weight ethylene copolymer B can be for example calculated

from the following empirical formula:



VN 2 - W1 -VN 1VN B = -
1 - W1

where W1 is the proportion by weight of the low molecular weight ethylene homopolymer formed in

the first polymerization step, measured in % by weight, based on the total weight of the polyethyl-

ene having a bimodal molecular weight distribution formed in the first two steps.

The ultrahigh molecular weight ethylene copolymer C is preferably formed in the third polymeriza

tion step: in this preferred embodiment, as well as in the alternative embodiments where a differ

ent order of polymerization is provided, the viscosity number VN3 measured on the polymer ob

tained after the third polymerization step is the viscosity number of the mixture of the low molecu

lar weight ethylene homopolymer A, of the high molecular weight ethylene copolymer B and of the

ultrahigh molecular weight ethylene copolymer C. VN3 is preferably within the preferred ranges

already defined above, i.e. from 150 to 300 cm3/g, preferably from 150 to 280 cm3/g, more pref

erably in the range from 180 to 260 cm3/g, in particular in the range from 180 to 240 cm3/g.

In this preferred embodiment, starting from these measured values of VN2 and VN3, the viscosity

number VN of the ultrahigh molecular weight copolymer C formed in the third polymerization step

can be for example calculated from the following empirical formula:

n VN 3 - W2 -VN 2VN =
1 —w-,

where w2 is the proportion by weight of the polyethylene having a bimodal molecular weight d istri

bution formed in the first two steps, measured in % by weight, based on the total weight of the

polyethylene having a trimodal molecular weight distribution formed in all three steps.

Although the way to calculate the viscosity numbers of each ethylene polymer fraction of the po ly

ethylene molding composition has been given with reference to a preferred case in which the low

molecular weight ethylene homopolymer A, the high molecular weight copolymer B and, respec

tively, the ultra high molecular weight copolymer C are obtained in this order, this calculation

method may applied also to different polymerization orders. In any case, in fact, independently

from the order of production of the three ethylene polymer fractions, the viscosity number of the

first ethylene polymer fraction is equal to the viscosity number VN1 measured on the ethylene

polymer obtained after the first polymerization step, the viscosity number of the second ethylene

polymer fraction can be calculated starting from the proportion by weight W1 of the first ethylene

polymer fraction formed in the first polymerization step, measured in % by weight, based on the

total weight of the polyethylene having a bimodal molecular weight distribution formed in the first

two steps and from the viscosity numbers VN1 and VN2 measured on the polymers obtained after

the second and, respectively, the third polymerization step, while the viscosity number of the third

ethylene polymer fraction can be calculated starting from the proportion by weight w2 of the poly-



ethylene having a bimodal molecular weight distribution formed in the first two steps, measured in

% by weight, based on the total weight of the polyethylene having a trimodal molecular weight

distribution formed in all three steps and from the viscosity numbers VN2 and VN3 measured on

the polymers obtained after the second and, respectively, the third polymerization step.

The polyethylene molding composition of the invention may further comprise additional optional

additives. Such additives are, for example, heat stabilizers, antioxidants, UV absorbers, light sta

bilizers, metal deactivators, peroxide-destroying compounds, basic costabilizers in amounts of

from 0 to 10% by weight, preferably from 0 to 5% by weight, but also carbon black, fillers, pig-

ments, flame retardants, or combinations of these in total amounts of from 0 to 50% by weight,

based on the total weight of the mixture.

The molding composition of the invention can advantageously be injection-molded to produce

injection-molded, preferably rotationally symmetric, finished parts, e.g. closures for blow-molded

plastic parts or bottles.

Examples

Example 1 (invention)

The polymerization of ethylene was carried out in a continuous process in three reactors co n

nected in series. A Ziegler catalyst which had been prepared by the method disclosed by

WO 91/18934, Example 2 under the operation number 2.2, was fed into the first reactor in an

amount of 14.3 mmol/h, together with sufficient hexane as suspension medium, triethylaluminum

as cocatalyst in an amount of 180 mmol/h, ethylene and hydrogen. The amount of ethylene

(= 5 1 .7 kg/h) and the amount of hydrogen (= 62 g/h) were set so that a proportion of 24% by vo l

ume of ethylene and a proportion of 68% by volume of hydrogen were measured in the gas space

of the first reactor; the remainder was a mixture of nitrogen and vaporized suspension medium.

The polymerization in the first reactor was carried out at a temperature of 84 C. The suspension

from the first reactor was then transferred to a second reactor in which the proportion of hydrogen

in the gas space had been reduced to 55% by volume and into which an amount of 54.5 kg/h of

ethylene and also 450 g/h of 1-butene added via material dissolved in recirculated suspension

medium were introduced. The reduction in the amount of hydrogen was obtained by means of

intermediate H2 depressurization. 40% by volume of ethylene, 55% by volume of hydrogen and

0.4% by volume of 1-butene were measured in the gas space of the second reactor; the remain

der was a mixture of nitrogen and vaporized suspension medium. The polymerization in the sec

ond reactor was carried out at a temperature of 85°C. The suspension from the second reactor

was transferred via a further intermediate H2 depressurization, by means of which the amount of

hydrogen in the gas space in the third reactor was set to 2.1% by volume, into the third reactor.

An amount of 38.3 kg/h of ethylene and also an amount of 3900 g/h of 1-butene were introduced



into the third reactor. A proportion of ethylene of 79% by volume, a proportion of hydrogen of

2.1% by volume and a proportion of 1-butene of 11% by volume were measured in the gas space

of the third reactor; the remainder was a mixture of nitrogen and vaporized suspension medium.

The polymerization in the third reactor was carried out at a temperature of 85 °C. The suspension

medium was separated from the polymer suspension leaving the third reactor and the remaining

polymer powder was dried and pelletized.

Closures having a diameter of 40 mm and a wall thickness of 2 mm were injection-molded at a

melt temperature of 210 C and a holding pressure of 750 bar on a KM 250 injection-molding ma-

chine from Krauss Maffei (max. clamping force 2750 kN and a screw diameter of 50 mm) using a

4-cavity tool with screw. The surface temperature of the tool was 30 C. The closures produced

had a defect-free surface.

The viscosity numbers as described above and the proportions WA, WB and W of polymer A, B

and C for the polyethylene molding composition prepared as described in Example 1 are indicated

in Table 1 below.



Table 1

The abbreviations in Table 1 have the following meanings:

- WA, W , W = weight, in [%], of the low molecular weight ethylene homopolymer A, of the high

molecular weight copolymer B and of the ultrahigh molecular weight ethylene copolymer C, re

spectively;

- VN1, VN2, VN3 = viscosity number, in [cm3/g], of the low molecular weight ethylene homopoly

mer A, of the mixture of polymer A and polymer B and of the mixture of ethylene homopolymer A,

copolymer B and ethylene copolymer C, respectively, measured in accordance with ISO/R 1191

in decalin at a temperature of 135 C;

- density: measured at 23 C in accordance with ISO 1183, in [g/cm3

- MFR(1 90^/2.1 6 kg) = melt flow index in accordance with ISO 1133, condition D, in [dg/min];



- ESCR = environmental stress cracking resistance measured by the method of M . Flei βner (Full

Notch Creep Test), in [h], under the conditions: 80°C, 2.5 MPa, water/2% of Arkopal. This labora

tory method is described by M . Flei βner in Kunststoffe 77 (1987), p. 45 ff., and corresponds to

ISO/CD 16770. This publication shows that there is a relationship between the determination of

slow crack growth in the creep test on test bars having a circumferential notch and the brittle

branch of the long-term internal pressure test in accordance with ISO 1167. A shortening of the

time to failure is achieved by shortening the crack initiation times by means of the notch (notch

depth of 1.6 mm/razor blade) in 2% strength aqueous Arkopal solution as stress crack promoting

medium at a temperature of 80 C and a tensile stress of 2.5 MPa. The specimens are produced

by sawing three test specimens having dimensions of 10 x 10 x 90 mm from a 10 mm thick

pressed plate. The test specimens are notched around their circumference in the middle by

means a razor blade in a notching apparatus constructed in-house (cf. Figure 5 in the publica

tion).;

- ACN = notched impact toughness, measured in accordance with ISO 179-1/1eA / DIN 53453 in

[kJ/m2] at +23 <€ ;

- spiral length = length of the spiral, in [mm], which is produced in the spiral test, where a spiral is

injection molded from the polymer. As is known in injection-molding applications, the resulting

length of a test spiral produced by injection molding is a measure of the processing behavior in

injection-molding processes. The figures reported are based on an injection temperature of 190 C

at an injection pressure of 1050 bar and a wall thickness of the spirals of 1 mm.

Example 2 (comparative example)

The polymerization of ethylene was carried out in a continuous process in two reactors connected

in series. A Ziegler catalyst which had been prepared by the method of WO 91/18934, Example 2,

under the operation number 2.2, was fed into the first reactor in an amount of 14.3 mmol/h to

gether with sufficient suspension medium, triethylaluminum as cocatalyst in an amount of 180

mmol/h, ethylene and hydrogen. The amount of ethylene (= 7 1 .5 kg/h) and the amount of hyd ro

gen (= 79 g/h) were set so that a proportion of 26% by volume of ethylene and a proportion of

61% by volume of hydrogen were measured in the gas space of the first reactor. In addition, a

proportion of 1.2% by volume of 1-butene which had been introduced as dissolved 1-butene in

recirculated suspension medium was measured; the remainder was a mixture of nitrogen and

vaporized suspension medium. The polymerization in the first reactor was carried out at a tem

perature of 84 °C. The suspension from the first reactor was then transferred to a second reactor

in which the proportion of hydrogen in the gas space had been reduced to 19% by volume and

into which an amount of 58.5 kg/h of ethylene plus 2350 l/h of 1-butene were introduced. The

reduction in the amount of hydrogen was obtained by means of intermediate H2 depressurization.

67% by volume of ethylene, 19% by volume of hydrogen and 6.5% by volume of 1-butene were



measured in the gas space of the second reactor; the remainder was a mixture of nitrogen and

vaporized suspension medium. The polymerization in the second reactor was carried out at a

temperature of 85 °C. The polymer suspension leaving the second reactor was, after the suspen

sion medium had been separated off and the powder had been dried, passed to peptization.

Closures having a diameter of 40 mm and a wall thickness of 2 mm were injection-molded at a

melt temperature of 210 C and a holding pressure of 750 bar on a KM 250 injection-molding m a

chine from Krauss Maffei (max. clamping force 2750 kN and a screw diameter of 50 mm) using a

4-cavity tool with screw. The surface temperature of the tool was 30 C. The closures produced

had a defect-free surface.

The viscosity numbers as described above and the proportions WA, WB and W of polymer A, B

and C for the polyethylene molding composition prepared as described in the comparative exam

ple are indicated in Table 2 below.

Table 2



Claims

1. A polyethylene molding composition which has a multimodal molecular mass distribution and

comprises from 25 to 50% by weight of a low molecular weight ethylene homopolymer A, from 28

to 50% by weight of a high molecular weight ethylene copolymer B and 15 to 40% by weight of an

ultrahigh molecular weight ethylene copolymer C, with all percentages being based on the total

weight of the molding composition, and has a density at a temperature of 23 °C in the range from

0.940 to 0.957 g/cm3, an MFR (190°C/2.16 kg) in the range from 0.5 to 4 dg/min and a viscosity

number VN3 of the mixture of ethylene homopolymer A, copolymer B and ethylene copolymer C,

measured in accordance with ISO/R 1191 in decalin at a temperature of 135°C, in the range from

150 to 300 cm3/g.

2 . The polyethylene molding composition according to claim 1, wherein the high molecular weight

ethylene copolymer B and the ultrahigh molecular weight ethylene copolymer C are copolymers of

ethylene and at least a further olefin having from 4 to 8 carbon atoms.

3 . The polyethylene molding composition according to claim 1 or 2, wherein the olefin comprises

1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-pentene or a combination thereof.

4 . The polyethylene molding composition according to one or more of claims 1 to 3, wherein the

high molecular weight copolymer B comprises at least one comonomer in an amount in the range

from 1 to 10% by weight, based on the weight of copolymer B.

5 . The polyethylene molding composition according to one or more of claims 1 to 4, wherein the

ultrahigh molecular weight copolymer C comprises at least one comonomer in an amount in the

range from 1 to 10% by weight, based on the weight of copolymer C.

6 . The polyethylene molding composition according to one or more of claims 1 to 5, wherein the

viscosity number VN3, measured in accordance with ISO/R 1191 in decalin at a temperature of

135°C, is in the range from 150 to 280 cm3/g.

7 . The polyethylene molding composition according to one or more of claims 1 to 6, wherein the

polyethylene molding composition is prepared by means of a multistage reaction sequence com

prising successive polymerization steps.

8 . The polyethylene molding composition according to claim 7, wherein the viscosity number VN1

measured on the low molecular weight ethylene homopolymer A after the first polymerization step

is in the range from 50 to 150 cm3/g.



9 . The polyethylene molding composition according to claim 7 or 8, wherein the viscosity number

VN2 measured on the mixture of low molecular weight ethylene homopolymer A plus high molecu

lar weight ethylene copolymer B after the second polymerization step is in the range from 70 to

180 cm3/g.

10. A process for preparing a polyethylene molding composition according to one or more of

claims 1 to 9, wherein a three-stage polymerization of monomers is carried out in suspension at

temperatures in the range from 70 to 90°C, a pressure in the range from 2 to 10 bar and in the

presence of a Ziegler catalyst which is composed of a transition metal compound and an or-

ganoaluminum compound, with the molecular mass of the polyethylene produced in each stage

being regulated in each case by means of hydrogen.

11. The use of a polyethylene molding composition according to one or more of claims 1 to 9 for

producing injection-molded finished parts.

12. An injection-molded finished part comprising a polyethylene molding composition according to

one or more of claims 1 to 9 .
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