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(57) ABSTRACT 

Propylene polymers contain 

a) from 50 to 95 parts by Weight of a propylene 
hornopolyrner having a melt ?oW index of from 0.1 
to 100 g/10 min, at 230° C. and under a Weight of 
2.16 kg, according to ISO standard 1133, and an 
isotacticity index of at least 98%, 

b) from 5 to 50 parts by Weight of an ethylene copoly 
rner containing from 4 to 40% by Weight of poly 
merized C4-C2O-alk-1-ene and having a density of 
from 0.865 to 0.920 g/crn3 and 

c) from 0 to 1.5 parts by Weight of a nucleating agent, 
the sum of the parts by Weight of the propylene 
hornopolyrner a) and of the ethylene copolyrner b) 
alWays being 100 parts by Weight. 

The propylene polymers are distinguished in particular by 
high rigidity and little tendency to White fracture. 
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TOUGHENED PROPYLENE POLYMERS HAVING 
LITTLE TENDENCY TO WHITE FRACTURE 

[0001] The present invention relates to propylene poly 
mers containing 

[0002] a) from 50 to 95 parts by Weight of a propy 
lene homopolymer having a melt ?oW index of from 
0.1 to 100 g/10 min. at 230° C. and under a Weight 
of 2.16 kg, according to ISO standard 1133, and an 
isotacticity indeX of at least 98 %, 

[0003] b) from 5 to 50 parts by Weight of an ethylene 
copolymer containing from 4 to 40 % by Weight of 
polymeriZed C4-C2O-alk-1-ene and having a density 
of from 0.865 to 0.920 g/cm3 and 

[0004] c) from 0 to 1.5 parts by Weight of a nucle 
ating agent, the sum of the parts by Weight of the 
propylene homopolymer a) and of the ethylene 
copolymer b) alWays being 100 parts by Weight. 

[0005] The present invention furthermore relates to a 
process for the preparation of these polymers and to their use 
as ?lms, ?bers and moldings. 

[0006] The preparation of propylene homopolymers by 
Ziegler-Natta polyeriZation has long been knoWn. The cata 
lyst components used contain, inter alia, compounds of 
polyvalent titanium, aluminum halides and/or alkyls, as Well 
as electron donor compounds, silanes, esters, ketones or 
lactones generally being used (DE-A 42 16 548, DE-A 44 19 
438, EP-A 171 200, EP-A 530 599, US. Pat. No. 4,857,613). 

[0007] In this process, propylene homopolymers having 
very different properties can be obtained, for eXample hav 
ing substantially different rigidity, impact strength or 
?oWability. Some applications in Which propylene polymers 
are preferably used require in particular propylene polymers 
Which, in addition to a high impact strength, also have, for 
optical reasons, a substantially reduced tendency to White 
fracture and high rigidity. 

[0008] In addition-to the preparation of propylene poly 
mers by means of Ziegler-Natta catalysts, it is has also been 
possible for some years to prepare polymers of propylene 
and of ethylene With the use of metallocene catalysts. having 
cyclic ligands (EP-A 519 237, EP-A 692 499). 

[0009] DE-A 4407327 describes propylene polymers 
Which consist of a propylene homopolymer and a nucleating 
agent and are distinguished, inter alia, by high rigidity and 
?oWability. For certain applications of propylene polymers, 
hoWever, even higher rigidity and improved White fracture 
behavior are of interest. 

[0010] EP-A 593 221 discloses miXtures of propylene 
polymers and ethylene copolymers With polymeriZed 
C4-C18-alk-1-enes, Whose density is less than or equal to 
0.913 g/cm3. The blends mentioned therein have good 
impact strength and rigidity, but the manner in Which the 
White fracture behavior of such products can be improved is 
not described. 

[0011] Furthermore, WO-A 94/06859 claims blends of 
thermoplastic polymers and linear ethylene copolymers With 
polymeriZed C3-C2O-alk-1-enes, Which have, inter alia, high 
transparency and good impact strength at loW temperatures. 
HoWever, WO-A 94/06859 does not indicate hoW the White 
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fracture behavior of such blends can be improved and at the 
same time their rigidity increased. 

[0012] It is an object of the present invention to remedy 
the disadvantages described and to provide an improved 
propylene polymer Which is distinguished by an advanta 
geous property pro?le in terms of good impact strength, 
?oWability and processability and moreover has high rigid 
ity and very little tendency to White fracture. 

[0013] We have found that this object is achieved by novel 
propylene polymers containing 

[0014] a) from 50 to 95 parts by Weight of a propy 
lene homopolymer having a melt ?oW indeX of from 
0.1 to 100 g/10 min. at 230° C. and under a Weight 
of 2.16 kg, according to ISO standard 1133, and an 
isotacticity indeX of at least 98 %, 

[0015] b) from 5 to 50 parts by Weight of an ethylene 
copolymer containing from 4 to 40 % by Weight of 
polymeriZed C4-C2O-alk-1-ene and having a density 
of from 0.865 to 0.920 g/cm3 and 

[0016] c) from 0 to 1.5 parts by Weight of a nucle 
ating agent, the sum of the parts by Weight of the 
propylene homopolymer a) and of the ethylene 
copolymer b) alWays being 100 parts by Weight. 

[0017] Propylene polymers Which contain 

[0018] a) from 60 to 90, in particular from 75 to 90, 
parts by Weight of the propylene homopolymer a), 

[0019] b) from 10 to 40, in particular from 10 to 25, 
parts by Weight of the ethylene copolymer b) and 

[0020] c) from 0 to 1.5, in particular from 0.05 to 1.5, 
parts by Weight of the nucleating agent c) are par 
ticularly preferred. 

[0021] The sum of the parts by Weight of the propylene 
homopolymer and of the ethylene copolymer b) is alWays 
100 parts by Weight. 

[0022] A preferably used propylene homopolymer a) is 
one Which has a melt ?oW indeX of from 0.2 to 50 g/10 min 
at 230° C. and under a Weight of 2.16 kg, according to ISO 
standard 1133. The melt ?oW indeX corresponds to the 
amount of polymer in grams Which is forced, at 230° C. and 
under a Weight of 2.16 kg, out of the test apparatus stan 
dardiZed according to ISO standard 1133. 

[0023] The novel propylene polymer contains in particular 
a propylene homopolymer a) Whose isotacticity indeX is at 
least 98.0 %, preferably from 98.0 % to 99.5 %. The 
isotacticity indeX is to be understood as meaning that 
proportion of polymer Which is insoluble in Xylene accord 
ing to ISO standard 6427 b). The isotacticity indeX is a 
measure of the stereospeci?city of the propylene homopoly 
mer. 

[0024] The process leading to these propylene homopoly 
mers a) can be carried out either batchWise or, preferably, 
continuously in the conventional reactors used for the poly 
meriZation of propylene. Suitable reactors include continu 
ously operated stirred kettles. The reactors contain a ?Xed 
bed of ?nely divided polymer, Which is usually kept in 
motion by stirring. 
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[0025] The process can be carried out With the Ziegler 
Natta catalysts conventionally used in polymerization tech 
nology. In addition to a titanium-containing solid compo 
nent, these also contain, inter alia, a cocatalyst. A suitable 
cocatalyst is an aluminum compound. In addition to this 
aluminum compound, an electron donor compound is. also 
used as a further component of the cocatalyst. 

[0026] For the preparation of the titanium-containing solid 
component, the titanium compounds used are in general 
halides or alcoholates of trivalent or tetravalent titanium, the 
chlorides of titanium, in particular titanium tetrachloride, 
being preferred. The titanium-containing solid component 
advantageously contains a ?nely divided carrier, for Which 
silicas and aluminas as Well as aluminum silicates of the 
empirical formula SiO2.aAl2O3, Where a is from 0.001 to 2, 
in particular from 0.01 to 0.5, have proven useful. 

[0027] The preferably used carriers have a particle diam 
eter of from 0.1 to 1000 pm, in particular from 10 to 300 
pmm, a pore volume of from 0.1 to 10, in particular from 1.0 
to 5.0, cm3/g and a speci?c surface area of from 10 to 1000, 
in particular from 100 to 500, m2/g. 

[0028] In particular, a ?nely divided inorganic oXide 
Which has a pH of from 1 to 6, a mean particle diameter of 
from 5 to 200 pm, in particular from 20 to 70 pm and a mean 
primary particle diameter of from 1 to 20 pm, in particular 
from 1 to 5 pm, may be used as the ?nely divided carrier for 
the titanium-containing solid component. The primary par 
ticles are porous, granular oXide particles Which are obtained 
from a corresponding hydrogel by milling, if necessary after 
sieving has been carried out. The hydrogel is produced in the 
acidic range, i.e. at a pH of from 1 to 6, or is aftertreated With 
appropriately acidic Wash solutions and puri?ed. 

[0029] Inter alia, the ?nely divided inorganic oXide also 
has cavities or channels having an average diameter of from 
0.1 to 20 pm, in particular from 1 to 15 pm, Whose 
macroscopic volume fraction is from 5 to 30%, in particular 
from 10 to 30%, based on the total particle. The ?nely 
divided inorganic oXide furthermore has in particular a pore 
volume of from 0.1 to 10, preferably from 1.0 to 4.0, cm3/g 
and a speci?c surface area of from 10 to 1000, preferably 
from 100 to 500, m2/g. The pH, i.e. the negative decadic 
logarithm of the proton concentration, of the inorganic oXide 
is from 1 to 6, in particular from 2 to 5. 

[0030] Preferred inorganic oXides are in particular oXides 
of silicon, of aluminum, of titanium or of one of the metals 
of main group I or II of the Periodic Table. In addition to 
alumina or magnesium oXide or a sheet silicate, another very 
preferably used oXide is silica gel (SiOZ), Which can be 
obtained, in particular, by spray-drying. It is also possible to 
use cogels, i.e. miXtures of tWo different inorganic oXides. 
HoWever, such ?nely divided inorganic oXides are also 
commercially available. 

[0031] Inter alia, compounds of magnesium are also used 
in the preparation of the titanium-containing solid compo 
nent. Particularly suitable compounds of this type are mag 
nesium halides, alkylmagnesiums and arylmagnesiums, as 
Well as alkoXymagnesium and aryloXymagnesium com 
pounds, magnesium chloride, magnesium bromide and 
di(C1-C1O-alkyl)magnesium compounds being preferably 
used. In addition, the titanium-containing solid component 
may contain halogen, preferably chlorine or bromine. 
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[0032] The titanium-containing solid component further 
more contains electron donor compounds, for eXample 
mono- or polyfunctional carboXylic acids, carboXylic anhy 
drides and carboXylic esters, ketones, ethers, alcohols, lac 
tones and organophosphorus and organosilicon compounds. 
Preferably used electron donor compounds Within the tita 
nium-containing solid component are phthalic acid deriva 
tives of the general formula I 

CO —X 

CO —Y 

[0033] Where X and Y are each chlorine or a Cl-Clo 
alkoXy or together are oXygen. Particularly preferred elec 
tron donor compounds are phthalic esters, Where X andY are 
each Cl-Cs-alkoxy, for eXample methoXy, ethoXy, propoXy 
or butoXy. 

[0034] Further preferred electron donor compounds Within 
the titanium-containing solid component include diesters of 
3- or 4-membered, unsubstituted or substituted cycloalkane 
1,2-dicarboXylic acids and monoesters of unsubstituted or 
substituted benZophenone-2-carboXylic acids. HydroXy 
compounds used in the case of these esters are the alcohols 
conventionally employed in esteri?cation reactions, includ 
ing Cl-Cls-alkanols, C5-C7-cycloalkanols, Which in turn 
may carry Cl-Clo-alkyl groups, and phenols, naphthols and 
the Cl-Clo-alkyl derivatives of these compounds. 

[0035] The titanium-containing solid components can be 
prepared by methods knoWn per se. Examples of these are 
described, inter alia, in EP-A 171 200, GB-A2 111 066, US. 
Pat. No. 4,857,613 and US. Pat. No. 5,288,824. 

[0036] In the preparation of the titanium-containing solid 
component, the folloWing three-stage process is preferably 
used. 

[0037] In the ?rst stage, a solution of the magnesium 
containing compound in a liquid alkane is ?rst added to a 
?nely divided carrier, preferably silica or SiO2.aAl2O3, 
Where a is a number from 0.001 to 2, in particular from 0.01 
to 0.5, after Which this miXture is stirred for from 0.5 to 5 
hours at from 10 to 120° C. Preferably, from 0.1 to 1 mol of 
the magnesium compound is used per mole of the carrier. A 
halogen or a hydrogen halide, in particular chlorine or 
hydrogen chloride, is then added, With continuous stirring, 
in an at least tWo-fold, preferably at least ?ve-fold, molar 
eXcess, based on the magnesium-containing component. 
After from about 30 to 120 minutes, the solid is isolated 
from the liquid phase. 

[0038] In the second stage, the product obtained in this 
manner is introduced into a liquid alkane, and a C1-C8 
alkanol, in particular ethanol, a halide or an alcoholate of 
trivalent or tetravalent titanium, in particular titanium tetra 
chloride, and an electron donor compound, in particular a 
phthalic acid derivative of the general formula I, are then 
added. From 1 to 5, in particular from 2 to 4, mol of alkanol, 
from 2 to 20, in particular from 4 to 10, mol of trivalent or 
tetravalent titanium and from 0.01 to 1, in particular from 
0.1 to 1.0, mol of the electron donor compound are used per 
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mole of magnesium in a solid obtained in the ?rst stage. This 
mixture is stirred for at least one hour at from 10 to 150° C. 
and the solid substance thus obtained is then ?ltered off and 
is Washed With a liquid alkane, preferably With hexane or 
heptane. 

[0039] In the third stage, the solid obtained in the second 
stage is extracted for some hours at from 100 to 150° C. With 
excess titanium tetrachloride or With an excess of a solution 

of titanium tetrachloride in an inert solvent, preferably an 
alkylbenZene, the solvent containing at least 5% by Weight 
of titanium tetrachloride. The product is then Washed With a 
liquid alkane until the titanium tetrachloride content of the 
Wash liquid is less than 2% by Weight. 

[0040] The titanium-containing solid component obtain 
able in this manner is used With a cocatalyst as the Ziegler 
Natta catalyst system. A suitable cocatalyst is an aluminum 
compound. 

[0041] Suitable aluminum compounds in addition to tri 
alkylaluminum are also those compounds in Which an alkyl 
group is replaced by an alkoxy group or by a halogen atom, 
for example by chlorine or bromine. 

[0042] Preferably used trialkylaluminum compounds are 
those Whose alkyl groups are each of 1 to 8 carbon atoms, 
for example trimethyl-, triethyl- or methyldiethylaluminum. 

[0043] Further cocatalysts Which are preferably used in 
addition to the aluminum compound are electron donor 
compounds, for example mono- or polyfunctional carboxy 
lic acids, carboxylic anhydrides and carboxylic esters, 
ketones, ethers, alcohols, lactones and organophosphorus 
and organosilicon compounds. Particularly suitable electron 
donor compounds are organosilicon compounds of the gen 
eral formula II 

[0044] Where the radicals R‘ are identical or different and 
are each Cl-Czo-alkyl, 5- to 7-membered cycloalkyl, Which 
in turn may carry a Cl-Clo-alkyl, or a C6-C2O-arylalkyl, the 
radicals R“ are identical or different and are each C1-C2‘) 
alkyl and n is 1, 2 or 3. Particularly preferred compounds are 
those in Which R‘ is C1-C8-alkyl or 5- to 7-membered 
cycloalkyl, R“ is C1-C4-alkyl and n is 1 or 2. 

[0045] Among these compounds, dimethoxydiisopropyl 
silane, dimethoxyisobutylisopropylsilane, dimethoxydi 
isobutylsilane, dimethoxydicyclopentylsilane, dimethoxy 
sec-butylisopropylsilane, diethoxydicyclopentylsilane, 
diethoxy-sec-butylisopropylsilane and diethoxyisobutyliso 
propylsilane are noteWorthy. 

[0046] Preferably used catalyst systems are those in Which 
the atomic ratio of aluminum from the aluminum compound 
to titanium from the titanium-containing solid component is 
from 10:1 to 800:1, in particular from 20:1 to 200:1, and the 
molar ratio of the aluminum compound to the electron donor 
compound used as the cocatalyst is from 1:1 to 100:1, in 
particular from 2:1 to 20:1. The catalyst components may be 
introduced into the polymeriZation system individually in 
any desired order or as a mixture of components. 

[0047] The polymeriZation for the preparation of the pro 
pylene homopolymers a) is usually carried out at from 20 to 
40 bar and from 60 to 90° C. and With an average residence 
time of the reaction mixture of from 0.5 to 5 hours. Pressures 
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of from 25 to 35 bar, temperatures of from 65 to 85° C. and 
average residence times of from 1.0 to 4 hours are preferred. 
The polymeriZation conditions are usually chosen so that 
from 0.05 to 2, preferably from 0.1 to 1.5, kg of the 
propylene homopolymer a) are formed per mmol of the 
aluminum component. 

[0048] The molecular Weight of the polymers obtainable 
in this Way can be controlled in the usual manner by adding 
regulators, in particular hydrogen. C2-C6-Alk-1-enes, for 
example ethylene or but-1-ene, may also be used as regu 
lators. In this case, the propylene homopolymer a) may also 
contain up to 0.1% by Weight of other C2-C6-alk-1-enes. 

[0049] A particularly used ethylene copolymer b) is a 
copolymer Which contains from 4 to 40, preferably from 7 
to 30,% by Weight of polymeriZed C4-C2O-alk-1-enes. Pre 
ferred comonomers in the ethylene copolymer b) are 
C4-C12-alk-1-enes, but-1-ene, pent-1-ene, 4-methylpent-1 
ene, hex-1-ene, hept-1-ene or oct-1-ene or mixtures of these 
C4-C12-comonomers being preferably used. Particularly 
suitable comonomers are but-1-ene, hex-1-ene and oct-1 
ene. 

[0050] The ethylene copolymers b) present in the novel 
ethylene copolyers b) have a density of from 0.865 to 0.920, 
in particular from 0.868 to 0.910, g/cm3. The melt flow 
index at 230° C. and under a Weight of 2.16 kg, according 
to ISO standard 1133, is from 0.1 to 100, in particular from 
1 to 30, g/10 min. 

[0051] The ethylene copolymers b) contained in the novel 
propylene polymers are usually prepared by appropriate 
polymeriZation using metal-containing catalysts, for 
example using catalysts based on a metallocene complex or 
With the aid of titanium- and aluminum- containing Ziegler 
catalysts, or by means of Phillips catalysts based on chro 
mium-containing compounds. The polymeriZation reaction 
can be carried out using the reactors usually employed in 
industry, either in the gas phase, in solution, in liquid 
monomers or in a suspension. PolymeriZation may be 
effected continuously, semicontinuously or batchWise. 

[0052] The ethylene copolymers b) are preferably pre 
pared by polymeriZation of ethylene and the corresponding 
C4-C2O-alk-1-enes With the aid of catalyst systems Which 
contain 

[0053] A) if required, an inorganic carrier, 

[0054] B) at least one metallocene complex, 

[0055] C) at least one compound forming metalloce 
nium ions and 

[0056] D) if required, at least one organic metal 
compound of an alkali metal or alkaline earth metal 
or of a metal of main group III of the Periodic Table. 

[0057] The polymeriZation With the aid of such metal 
locene-containing catalyst systems, Which leads to the eth 
ylene copolymers b), is carried out in particular at from —50 
to 300° C., preferably from 0 to 150° C., and at from 0.5 to 
3000, preferably from 1 to 80, bar. In this process, the 
residence times of the respective reaction mixtures should be 
set at from 0.5 to 5, in particular from 0.7 to 3.5, hours. Inter 
alia, antistatic agents and molecular Weight regulators, for 
example hydrogen, may also be present during the polymer 
iZation. 
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[0058] The polymerization can be carried out in solution, 
in suspension, in liquid monomers or in the gas phase. The 
polymerization is preferably carried out in suspension or in 
the gas phase. 

[0059] The polymeriZation process for the preparation of 
the copolymers b) may be carried out either continuously or 
batchWise. Suitable reactors include continuously operated 
stirred kettles, and, if necessary, a plurality of stirred kettles 
connected in series may also be used (reactor cascade). 

[0060] Such metallocene-containing catalyst systems con 
tain, if required, an inorganic carrier as component A). In 
particular, an inorganic oxide Which has a pH of from 1 to 
6, determined according to S. R. Morrison, “The Chemical 
Physics of Surfaces”, Plenum Press, NeW York [1977], page 
130 et seq., and cavities and channels Whose macroscopic 
volume fraction is from 5 to 30% of the total particle is used 
as the inorganic carrier. Particularly preferably used inor 
ganic oxides are those Whose pH, i.e. Whose negative 
decadic logarithm of the proton concentration, is from 2 to 
5.5, in particular from 2 to 5. In particular, those inorganic 
oxides Which have cavities and channels Whose macroscopic 
volume fraction is from 8 to 30%, preferably from 10 to 
30%, and particularly preferably from 15 is 25%, of the total 
particle are furthermore used as inorganic carriers. 

[0061] Further preferably used inorganic carriers include 
those inorganic oxides Which have a mean particle diameter 
of from 5 to 200 pm, in particular from 20 to 90 pm, and a 
mean primary particle diameter of from 1 to 20 pm, in 
particular from 1 to 5 pm. The primary particles are porous, 
granular particles and have pores With a diameter of, in 
particular, from 1 to 1000 Furthermore, such inorganic 
oxides have, inter alia, cavities and channels having an 
average diameter of from 0.1 to 20 pm, in particular from 1 
to 15 pm. The inorganic oxides furthermore have, in par 
ticular, a pore volume of from 0.1 to 10, preferably from 1.0 
to 5.0, cm3/g and a speci?c surface area of from 10 to 1000, 
preferably from 100 to 500, m2/g. 

[0062] OWing to the cavities and channels present in the 
?nely divided inorganic oxides, there is a substantially 
improved distribution of catalyst active components in the 
carrier. The acidic centers at the surface of the inorganic 
oxide additionally result in homogeneous loading With the 
catalyst components. In addition, a material containing 
cavities and channels throughout in this manner has an 
advantageous effect on the diffusion-controlled supply With 
monomers and cocatalysts and hence also on the polymer 
iZation kinetics. 

[0063] Such a ?nely divided inorganic oxide is obtainable, 
inter alia, by spray-drying milled, appropriately sieved 
hydrogels, Which for this purpose are converted into a slurry 
With Water or With an aliphatic alcohol. During the spray 
drying, the required pH of from 1 to 6 can also be established 
by the use of appropriately acidic suspensions of primary 
particles. HoWever, such a ?nely divided inorganic oxide is 
also commercially available. 

[0064] Preferred inorganic carriers are in particular oxides 
of silicon, of aluminum, of titanium or of one of the metals 
of main group I or II of the Periodic Table. In addition to 
alumina or magnesium oxide or a sheet silicate, another very 
preferably used inorganic oxide is silica gel (SiOZ), Which 
can be obtained, in particular, by spray-drying. 
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[0065] Cogels, i.e. mixtures of at least tWo different inor 
ganic oxides, may also be used as component A). 

[0066] From 0.1 to 10000, in particular from 5 to 200, 
pmol of the metallocene complex, ie of component B), are 
preferably used per gram of carrier, ie of component A). 

[0067] The preferably used metallocene-containing cata 
lyst system contains, as component B), at least one or more 
metallocene complexes. Particularly suitable metallocene 
complexes are those of the general formula IV 

[0068] Where 

[0069] M is titanium, Zirconium, hafnium,,vanadium, 
niobium or tantalum or an element of subgroup III of 
the Periodic Table or a lanthanoid, 

[0070] X is ?uorine, chlorine, bromine, iodine, hydro 
gen, C1-C1O-alkyl, C6-C15-aryl, alkylaryl having 1 to 
10 carbon atoms in the alkyl radical and 6 to 20 carbon 
atoms in the aryl radical, —OR10 or —NR1OR11, 

[0071] n is an integer from 1 to 3 and corresponds to the 
valency of M minus 2, 

[0072] R10 and R11 are each C1-C10-alkyl, C6-C15-aryl, 
alkylaryl, arylalkyl, ?uoroalkyl or ?uoroaryl, each hav 
ing 1 to 10 carbon atoms in the alkyl radical and 6 to 
20 carbon atoms in the aryl radical, 

[0073] R5 to R9 are each hydrogen, C1-C10-alkyl, 5- to 
7-membered cycloalkyl, Which in turn may carry 
C1-C1O-alkyl as a substituent, C6-C15-aryl or arylalkyl, 
Where tWo adjacent radicals together may form a satu 
rated or unsaturated cyclic group of 4 to 15 carbon 

atoms, or Si(R12)3, 

[0074] R12 is C1-C1O-alkyl, C3-C1O-cycloalkyl or 
C6-C15-aryl, 

R17 

R15 R14 

[0075] Z 

[0076] R13 to R17 are each hydrogen, C1-C1O-alkyl, 5- to 
7-membered cycloalkyl, Which in turn may carry 
C1-C1O-alkyl as a substituent, C6-C15-aryl or arylalkyl, 
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Where tWo adjacent radicals together may furthermore 
form a saturated or unsaturated cyclic group of 4 to 15 

carbon atoms, or Si(R18)3, 

[0077] R18 is C1-C1O-alkyl, C6-C15-aryl or C3-C1O-cy 
cloalkyl, 

[0078] or R8 and Z together form a group —R19—A—, 

are each hydrogen, halogen, C1-C1O-alkyl, C1-C1‘) 
?uoroalkyl, C6-C1O-?uoroaryl, C6-C1O-aryl, C1-C1‘) 
alkoXy, C2-C1O-alkenyl, C7-C4O-arylalkyl, C8-C4O-aryl 
alkenyl or C7-C4O-alkylaryl or tWo adjacent radicals 
together With the atoms linking them form a ring, and 

[0082] M2 is silicon, germanium or tin, 

AlS —o—, —s—, NR23 or PR23 

[0083] A 

[0084] R23 is C1-C10-alkyl, C6-C15-aryl, C3-C1O-cy 
cloalkyl, alkylaryl or Si(R24 3, and 

[0085] R24 is hydrogen or C1-C1O-alkyl or is C6-C5 
aryl Which in turn may be substituted by C1-C4-alkyl, 
or is C3-C1O-cycloalkyl, 

[0086] or R8 and R16 together form a group —R19—. 

[0087] Preferred metallocene complexes of the general 
formula IV are 

IVa 
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-continued 
IVb 

R7 R6 

R8: ;/ :R5 
R9 

MXI, 
R17 

R16 R13 

R15 R14, 
IVc 

R7 R6 

\ R, R9 
R19 MXn and 

R17 

R13 

R15 R14 
IVd 

R7 R6 

R19\ /MXHI 
A 

[0088] The radicals X may be identical or different but are 
preferably identical. 

[0089] Particularly preferred compounds of the formula 
IVa are those in Which 

[0090] M is titanium, Zirconium or hafnium, 

[0091] X is chlorine, C1-C4-alkyl or phenyl, 

[0092] n is 2 and 

[0093] R5 to R9 are each hydrogen or C1-C4-alkyl. 

[0094] Preferred compounds of the formula IVb are those 
in Which 

[0095] M is titanium, Zirconium or hafnium, 

[0096] X is chlorine, C1-C4-alkyl or phenyl, 

[0097] n is 2, 

[0098] R5 to R9 are each hydrogen, C1-C4-alkyl or 
Si(R12)3, and 

[0099] R13 to R17 are each hydrogen, C1-C4-alkyl or 
Si(R18)3. 
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[0100] Particularly suitable compounds of the formula 
IVb are those in Which the cyclopentadienyl radicals are 
identical. 

[0101] Examples of particularly suitable compounds 
include: 

[0102] bis(cyclopentadienyl)Zirconium dichloride, 
[0103] bis(pentamethylcyclopentadienyl)Zirconium 
dichloride, 
[0104] bis(methylcyclopentadienyl)Zirconium dichloride, 
[0105] bis(ethylcyclopentadienyl)Zirconium dichloride, 
[0106] bis (n-butylcyclopentadienyl) Zirconium dichloride 
and 

[0107] bis(trimethylsilylcyclopentadienyl)Zirconium 
dichloride 

[0108] 
pounds. 

and the corresponding dimethylZirconium com 

[0109] Particularly suitable compounds of the formula IVc 
are those in Which 

[0110] R5 and R13 are identical and are each hydrogen 
or C1-C1O-alkyl, 

[0111] R9 and R17 are identical and are each hydrogen, 
methyl, ethyl, isopropyl or tert-butyl, 

[0112] R7 and R15 are each C1-C4-alkyl, 

[0113] R6 and R14 are each hydrogen 

[0114] or tWo adjacent radicals R6 and R7 on the one 
hand and R14 and R15 on the other hand together form 
a cyclic group of 4 to 12 carbon atoms, 

[0115] R19 

[0116] M is titanium, Zirconium or hafnium and 

[0117] X is chlorine, C1-C4-alkyl or phenyl. 

[0118] Examples of particularly suitable complex com 
pounds include 

[0119] dimethylsilanediylbis(cyclopentadienyl)Zirconium 
dichloride, 
[0120] dimethylsilanediylbis(indenyl)Zirconium dichlo 
ride, 
[0121] dimethylsilanediylbis(tetrahy 
droindenyl)Zirconium dichloride, 
[0122] ethylenebis(cyclopentadienyl)Zirconium dichlo 
ride, 
[0123] ethylenebis(indenyl)Zirconium dichloride, 
[0124] ethylenebis(tetrahydroindenyl)Zirconium dichlo 
ride, 
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[0125] tetramethylethylene-9-?uorenylcyclopentadi 
enylZirconium dichloride, 

[0126] dimethylsilanediylbis(3-tert-butyl-5-methylcyclo 
pentadienyl)-Zirconium dichloride, 

[0127] dimethylsilanediylbis(3-tert-butyl-5-ethylcyclo 
pentadienyl)-Zirconium dichloride, 

[0128] dimethylsilanediylbis(2-methylindenyl)Zirconium 
dichloride, 

[0129] dimethylsilanediylbis(2-isopropylindenyl)Zirco 
nium dichloride, 

[0130] dimethylsilanediylbis(2-tert-butylindenyl)Zirco 
nium dichloride, 

[0131] diethylsilanediylbis(2-methylindenyl)Zirconium 
dibromide, 

[0132] dimethylsilanediylbis(3-methyl-5-methylcyclo 
pentadienyl)-Zirconium dichloride, 

[0133] dimethylsilanediylbis(3-ethyl-5-isopropylcyclo 
pentadienyl)Zirconium dichloride, 

[0134] dimethylsilanediylbis(2-ethylindenyl)Zirconium 
dichloride, 

[0135] dimethylsilanediylbis(2-methylbenZindenyl)Zirco 
nium dichloride 

[0136] dimethylsilanediylbis(2-ethylbenZindenyl)Zirco 
nium dichloride, 

[0137] methylphenylsilanediylbis(2-ethylbenZindenyl)Zir 
conium dichloride, 

[0138] methylphenylsilanediylbis(2-methylbenZinde 
nyl)Zirconium dichloride, 

[0139] diphenylsilanediylbis(2-methylbenZindenyl)Zirco 
nium dichloride, 

[0140] diphenylsilanediylbis(2-ethylbenZindenyl)Zirco 
nium dichloride and 

[0141] diphenylsilanediylbis(2-methylindenyl)hafnium 
dichloride 

[0142] 
pounds. 

and the corresponding dimethylZirconium com 

[0143] Further examples of suitable complex compounds 
include 

[0144] dimethylsilanediylbis(2-methyl-4-phenylinde 
nyl)Zirconium dichloride, 

[0145] dimethylsilanediylbis(2-methyl-4-naphthylinde 
nyl)Zirconium dichloride, 

[0146] dimethylsilanediylbis(2-methyl-4-isopropylinde 
nyl)Zirconium dichloride and 

[0147] dimethylsilanediylbis(2-methyl-4,6-diisopropylin 
denyl)Zirconium dichloride and the corresponding dimeth 
ylZirconium compounds. 

[0148] Particularly suitable compounds of the general 
formula IVd are those in Which 

[0149] M is titanium or Zirconium, 
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[0150] X is chlorine, C1-C4-alkyl or phenyl, 

[0152] R5 to R7 and R9 are each hydrogen, Cl-Clo 
alkyl, C3-C10-cyclo-alkyl, C6-C15-aryl or Si(R12)3, or 
tWo adjacent radicals form a cyclic group of 4 to 12 
carbon atoms. 

[0153] The synthesis of such complex compounds can be 
carried out by methods knoWn per se, the reaction of the 
appropriately substituted, cyclic hydrocarbon anions With 
halides of titanium, Zirconium, hafnium, vanadium, niobium 
or tantalum being preferred. 

[0154] Examples of appropriate preparation processes are 
described, inter alia, in J. Organometal. Chem. 369 (1989), 
359-370. 

[0155] It is also possible to use mixtures of different 
metallocene complexes. 

[0156] The metallocene-containing catalyst system pref 
erably used for the preparation of the ethylene copolymers 
b) contains, as component C), a compound forming metal 
locenium ions. 

[0157] Suitable compounds forming metallocenium ions 
are strong, neutral Lewis acids, ionic compounds having 
LeWis acid cations and ionic compounds having Bronsted 
acids as cations. 

[0158] Preferred strong, neutral LeWis acids are com 
pounds of the general formula V 

M3X1X2X3 v 

[0159] Where 

[0160] M3 is an element of main group III of the 
Periodic Table, in particular B, Al, Ga, preferably B, 
and 

[0161] X1, x2 and X3 are each hydrogen, Cl-Clo-alkyl, 
C6-C15-aryl, alkylaryl, arylalkyl, haloalkyl or haloaryl, 
each having 1 to 10 carbon atoms in the alkyl radical 
and 6 to 20 carbon atoms in the aryl radical, or ?uorine, 
chlorine, bromine or iodine, in particular haloaryl, 
preferably penta?uorophenyl. 

[0162] Particularly preferred compounds are those of the 
general formula V Where X1, X2 and X3 are identical, 
preferably tris(penta?uorophenyl)borane. 
[0163] Suitable ionic compounds having LeWis acid cat 
ions are compounds of the general formula VI 

[0165] Y is an element of main groups I to VI or of 
subgroups I to VIII of the Periodic Table, 
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[0166] Q1 to QZ are radicals having a single negative 
charge, such as C1-C28-alkyl, C6-C15-aryl, alkylaryl, 
arylalkyl, haloalkyl, haloaryl, each having 6 to 20 
carbon atoms in the aryl radical and 1 to 28 carbon 
atoms in the alkyl radical, C3-C1O-cycloalkyl Which 
may be substituted by Cl-Clo-alkyl, or halogen, 
C1-C28-alkoxy, C6-C15-aryloxy, silyl or mercaptyl, 

[0167] 

[0168] 
[0169] d corresponds to the difference a-Z, but d is 

greater than or equal to 1. 

a is an integer from 1 to 6, 

Z is an integer from 0 to 5, and 

[0170] Carbonium cations, oxonium cations and sulfo 
nium cations as Well as cationic transition metal complexes 
are particularly suitable. Particular examples are the triph 
enylmethyl cation, the silver cation and the 1,1‘-dimethyl 
ferrocenyl cation. They preferably have noncoordinating 
opposite ions, in particular boron compounds, as also men 
tioned in WO 91/09882, preferably tetrakis(penta?uorophe 
nyl)borate. 
[0171] Ionic compounds having Bronsted acids as cations 
and preferably also noncoordinating opposite ions are men 
tioned in WO 91/09882, a preferred cation being N,N 
dimethylanilinium. 
[0172] The amount of compounds forming metallocenium 
ions is preferably from 0.1 to 10 equivalents, based on the 
metallocene complex IV. 

[0173] Particularly suitable compounds C) forming met 
allocenium ions are open-chain or cyclic alumoxane com 
pounds of the general formula II or III 

[0174] Where R4 is C1-C4-alkyl, preferably methyl or 
ethyl, and m is an integer from 5 to 30, preferably from 
10 to 25. 

[0175] The preparation of these oligomeric alumoxane 
compounds is usually carried out by reacting a solution of a 
trialkylaluminum With Water and is described, inter alia, in 
EP-A 284 708 and US. Pat. No. 4,794,096. 

[0176] As a rule, the oligomeric alumoxane compounds 
obtained in this Way are present as mixtures of both linear 
and cyclic chain molecules of different lengths, so that m is 
to be regarded as an average value. The alumoxane com 
pounds may also be present as a mixture With other metal 
alkyls, preferably With alkylaluminums. 
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[0177] Preferably, both the metallocene complexes (com 
ponent B) and the compounds forming metallocenium ions 
(component C) are used in solution, aromatic hydrocarbons 
of 6 to 20 carbon atoms, in particular xylenes and toluene, 
being particularly preferred. 

[0178] Aryloxyalumoxanes, as described in US. Pat. No 
5,391,793, aminoalumoxanes, as described in US. Pat. No. 
5,371,260, aminoalumoxane hydrochlorides, as described in 
EP-A 633 264, silyloxyalumoxanes, as described in EP-A 
621 279, or mixtures thereof may furthermore be used as 
component C). 

[0179] It has proven advantageous to use the metallocene 
complexes and the oligomeric alumoxane compound in 
amounts such that the atomic ratio of aluminum from the 
oligomeric alumoxane compound to the transition metal 
from the metallocene complexes is from 10:1 to 106:1, in 
particular from 10:1 to 104:1. 

[0180] The metallocene-containing catalyst system pref 
erably used for the preparation of the ethylene copolymers 
b) may also contain, as component D), a metal compound of 
the general formula I 

[0182] M1 is an alkali metal, an alkaline earth metal or 
a metal of main group III of the Periodic Table, i.e. 
boron, aluminum, gallium, indium or thallium, 

[0183] R1 is hydrogen, Cl-Clo-alkyl, C?-Cls-aryl, alky 
laryl or arylalkyl, each having 1 to 10 carbon atoms in 
the alkyl radical and 6 to 20 carbon atoms in the aryl 
radical, 

[0184] R2 and R3 are each hydrogen, halogen, Cl-Clo 
alkyl, C6-C15-aryl, alkylaryl, arylalkyl or alkoxy, each 
having 1 to 10 carbon atoms in the alkyl radical and 6 
to 20 carbon atoms in the aryl radical, 

[0185] r is an integer from 1 to 3 

[0186] and 

[0187] s and t are integers from 0 to 2, the sum r+s+t 
corresponding to the valency of M1. 

[0188] Preferred metal compounds of the general formula 
I are those in Which 

[0189] M1 is lithium, magnesium or aluminum and 

[0190] R1 to R3 are each Cl-Clo-alkyl. 

[0191] Particularly preferred metal compounds of the for 
mula I are n-butyllithium, n-butyl-n-octylmagnesium, n-bu 
tyl-n-heptyl-magnesium, tri-n-hexylaluminum, triisobutyla 
luminum, triethyl-aluminum and trimethylaluminum. 

[0192] If the component D) is used, it is preferably present 
in the catalyst system in an amount of from 800:1 to 1:1, in 
particular from 500:1 to 50:1 (molar ratio of M1 from I to 
transition metal M from IV). 

[0193] The components B) and C) and, if required, A) and 
D) are used together as a metallocene-containing catalyst 
system for the preparation of the ethylene copolymers b) to 
be used according to the invention. 
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[0194] In addition to the propylene homopolymer a) and 
the ethylene copolymer b), the novel propylene polymers 
also contain, if required, a nucleating agent c) Which, by 
de?nition, accelerates nucleation during crystalliZation from 
the melt. The nucleating agents used are those convention 
ally employed in plastics technology, for example mineral 
additives, such as talc, silica or kaolin, or organic com 
pounds, such as mono- and polycarboxylic acids and salts 
thereof, or polymers such as ethylene acrylate copolymers. 

[0195] Nucleating agents c) Which may be present in the 
novel propylene polymers may be, inter alia, dibenZylidene 
sorbitol and its C1-C8-alkyl-substituted derivatives, for 
example methyldibenZylidene sorbitol or dimethyldiben 
Zylidene sorbitol, as Well as salts of diesters of phosphoric 
acid, for example sodium 2,2‘-methylenebis(4,6-di-tert-bu 
tylphenyl)phosphate. 

[0196] A particularly preferably used nucleating agent c) 
in the novel propylene polymer is ?nely divided talc. The 
?nely divided talc should preferably have a mean particle 
siZe of less than 5 pm, in particular less than 3 pm. 

[0197] The nucleating agents c) described above are con 
ventional commercially available additives. In addition to 
the nucleating agents c), conventional stabiliZers, for 
example calcium stearate, and phenolic antioxidants, heat 
stabiliZers, UV stabiliZers and processing assistants may be 
added to the novel propylene polymer. 

[0198] If nucleating agents c) are present in the novel 
propylene polymers, the propylene homopolymer a), the 
ethylene-copolymer b) and the nucleating agent c) are 
usually used in ratios such that from 0.05 to 1.5, in particular 
from 0.05 to 1.0, particularly preferably from 0.1 to 0.5, 
parts by Weight of nucleating agent b) are employed per 100 
parts by Weight of the propylene copolymer a) and of the 
ethylene copolymer b). 

[0199] The novel propylene polymers are prepared by 
mixing the nucleating agent c), Which may be used, and the 
ethylene copolymer b) With the propylene homopolymer a) 
in one of the apparatuses usually used in plastics processing 
for mixing substances, for example in a drum mixer, a mill, 
a screW extruder, a disk extruder, a roll mill or a kneader. The 
propylene homopolymer a), the ethylene copolymer b) and, 
if required, the nucleating agent c) are mixed With one 
another in the mixing apparatus usually at from 200 to 250° 
C., in particular from 210 to 240° C. The mixing process is 
carried out as a rule at from 1 to 100 bar and With an average 
residence time of from 0.5 to 60 minutes. The exact values 
for the pressure and the average residence time are depen 
dent on the mixing apparatuses used in each case. 

[0200] Furthermore, the nucleating agent c) may also be 
sprayed onto the propylene homopolymer a) and onto the 
ethylene copolymer b). 

[0201] The novel propylene polymers are distinguished, 
inter alia, by very high rigidity and ?oWability in combina 
tion With good impact strength. They are moreover readily 
processable and have only very little tendency to White 
fracture. OWing to the loW tendency to White fracture, the 
novel propylene polymers are also particularly suitable for 
utility articles Where the appearance plays a role. They can 
also be used generally as ?lms, ?bers and moldings. 
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EXAMPLES 

Examples 1 to 9 and Comparative Examples A to F 

[0202] The following polymers Were used: 

[0203] al) Propylene homopolymer having a melt ?oW 
index (MFR) of 12.8 g/10 min., at 230° C. and under 
a Weight of 2.16 kg, according to ISO standard 1133, 
and an isotacticity index of 98.6% in xylene according 
to ISO standard 6427b). 

[0204] a2) Propylene homopolymer having a melt ?oW 
index (MFR) of 10.7 g/10 min., at 230° C. and under 
a Weight of 2.16 kg, according to ISO standard 1133, 
and an isotacticity index of 96.7% in xylene according 
to ISO standard 6427b). 

[0205] b1) Ethylene copolymer containing 10% of poly 
meriZed but-1-ene, having a density of 0.903 g/cm3 and 
a melt ?oW index (MFR) of 3.9 g/10 min., at 230° C. 
and under a Weight of 2.16 kg, according to ISO 
standard 1133, prepared With the aid of a metallocene 
containing catalyst based on a complex of the general 
formula IV b. 

[0206] b2) Ethylene copolymer containing 17% of poly 
meriZed but-1-ene, having a density of 0.891 g/cm3 and 
a melt ?oW index (MFR) of 3.7 g/10 min., at 230° C. 
and under a Weight of 2.16 kg, according to ISO 
standard 1133, prepared With the aid of a metallocene 
containing catalyst based on a complex of the general 
formula IV b. 

[0207] b3) Ethylene copolymer containing 19% of poly 
meriZed but-1-ene, having a density of 0.878 g/cm3 and 
a melt ?oW index (MFR) of 6.7 g/10 min., at 230° C. 
and under a Weight of 2.16 kg, according to ISO 
standard 1133, prepared With the aid of a metallocene 
containing catalyst based on a complex of the general 
formula IV b. 

[0208] b 4) Ethylene copolymer containing 24% of poly 
meriZed oct-1-ene, having a density of 0.870 g/cm3 and 
a melt ?oW index (MFR) of 2.3 g/10 min., at 230° C. 
and under a Weight of 2.16 kg, according to ISO 
standard 1133, prepared With the aid of a metallocene 
containing catalyst based on a complex of the general 
formula IV b. 

[0209] b5) Ethylene copolymer containing 25% of poly 
meriZed oct-1-ene, having a density of 0.868 g/cm3 and 
a melt ?oW index (MFR) of 1.0 g/10 min., at 230° C. 
and under a Weight of 2.16 kg, according to ISO 
standard 1133, prepared With the aid of a metallocene 
containing catalyst based on a complex of the general 
formula IV b. 

[0210] b6) Ethylene copolymer containing 24% of poly 
meriZed oct-1-ene, having a density of 0.870 g/cm3 and 
a melt ?oW index (MFR) of 9.0 g/10 min., at 230° C. 
and under a Weight of 2.16 kg, according to ISO 
standard 1133, prepared With the aid of a metallocene 
containing catalyst based on a complex of the general 
formula IV b. 

[0211] b7) Ethylene/propylene copolymer containing 
30% of polymeriZed propylene, having a density of 
0.890 g/cm3 and a melt ?oW index (MFR) of 0.3 g/10 
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min., at 230° C. and under a Weight of 2.16 kg, 
according to ISO standard 1133, prepared With the aid 
of a Ziegler-Natta catalyst. 

[0212] The polymers Were mixed in a ZSK 30 tWin-screW 
extruder from Werner & P?eiderer having a length/diameter 
ratio of 33. The polymers of Examples 1-9 and of Com 
parative Examples A-D Which Were used Were fed together 
With 0.35 part by Weight of ?nely divided talc to the extruder 
and mixed therein at about 230° C. 

[0213] In Comparative Examples E and F, block copoly 
mers of propylene Which had been prepared in a tWo-stage 
process Were used. Apropylene homopolymer Was produced 
in a ?rst step similarly to the process described in EP-A 515 
855, and a mixture of propylene and ethylene Was polymer 
iZed onto said homopolymer in a second step. 

[0214] The folloWing products each provided With 0.35 
part by Weight, based on 100 parts by Weight of the 
propylene homopolymer V1 or V2, of a ?nely divided talc 
Were used: 

[0215] V1) Propylene/ethylene copolymer consisting of 
90 parts by Weight of a propylene homopolymer and 10 
parts by Weight of an ethylene/propylene copolymer 
containing 55% by Weight of polymeriZed ethylene. 

[0216] V2) Propylene/ethylene copolymer consisting of 
86 parts by Weight of a propylene homopolymer and 14 
parts by Weight of an ethylene/propylene copolymer 
containing 50% by Weight of polymeriZed ethylene. 

[0217] The composition of the polymers used in Examples 
1-9 and in Comparative Examples A-F and the results 
obtained are listed in Tables 1 and 2. 

[0218] The results shoWn in Tables 1 and 2 Were deter 
mined as folloWs: 

[0219] Determination of the melt ?oW index (MFR): 

[0220] according to ISO standard 1133, at 230° C. 
and under a Weight of 2.16 kg. 

[0221] Determination of the modulus of elasticity (tensile 
modulus of elasticity): 

[0222] according to ISO standard 527-2, at a mea 
suring temperature of 23° C. 

[0223] Determination of the rigidity, shear modulus: 

[0224] according to ISO standard 6721-2, at a mea 
suring temperature of 23° C. 

[0225] Determination of the impact strength: 

[0226] according to ISO standard 179/1eU, at a mea 
suring temperature of 23° C., 0° C. and —20° C. 

[0227] Determination of the White fracture: 

[0228] The White fracture behavior Was assessed by tWo 
methods. In the calotte method, the White fracture Was 
determined With the aid of a falling dart apparatus according 
to DIN 53 443 Part 1, a falling dart having a mass of 250 g, 
an impact element of 5 mm diameter and a calotte radius of 
25 mm being used. The height of fall Was 50 cm. 
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[0229] The test specimen used Was an injection molded 
circular disk having a diameter of 60 mm and a thickness of 

2 mm. The test specimen Was injection molded at a melt 

temperature of 250° C. and a mold surface temperature of 

30° C. 

[0230] The test Was carried out at 23° C. and 60° C., each 

test specimen being subjected to only one impact test. First, 
the test specimen Was placed on a support ring Without the 

latter being clamped, and the falling dart Was then released. 

To determine a mean value, 5 test specimens Were tested in 

each case. 
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[0231] The diameter of the visible White fracture mark is 
stated in mm and Was determined by measuring it in the 

direction of How and at right angles thereto on the side of the 

circular disk Which faces aWay from the impact and deter 
mining the mean value from the tWo values. 

[0232] In the determination by the volume method, the 
increase in volume at 23° C. during deformation due to 
tensile stresses Was measured. The method Was described in 

detail by F. Ramsteiner (Acta Polymerica 42 (1991), 584 
589). The values (determined as d(v/vO)/de) may be from 0 
to 1, loW values indicating a small increase in volume and 
hence little tendency to White fracture. 

TABLE 1 

Example 1 2 3 4 5 6 7 8 9 

Polymer a) Parts by a1) a1) a1) a1) a1) a1) a1) a1) a1) 
Amount of polymer a) Weight 90 85 80 75 90 90 90 90 90 
Polymer b) Parts by b1) b1) b1) b1) b2) b3) b4) b5) b6) 
Amount of polymer b) Weight 10 15 20 25 10 10 10 10 10 
MFR 230/216“) g/10 min 12.2 10.5 10.8 9.7 11.9 13.0 12.0 11.1 13.7 
Shear modulusb) MPa 850 740 670 570 780 760 820 790 790 
Tensile modulus of MPa 1580 1510 1430 1280 1530 1540 1510 1510 1510 
elasticity°) 
Impact strengthd) 

23° C. kJ/m2 152 NF" NF" NF" 210 NF" NF" 156 NF" 
0° C. kJ/m2 76 114 128 158 73 92 86 81 98 
—20° C. KJ/m2 29 47 59 82 26 28 36 55 38 
White fracture 

Volume method 0.23 0.18 0.16 0.19 0.21 0.23 0.19 0.30 0.21 
Calotte method 23° C. 7.2 7.2 7.1 6.4 6.5 5.3 8.0 10.6 5.0 
Calotte method 60° C. 7.8 7.7 7.6 7.3 9.5 10.0 11.6 12.8 9.5 

3)according to ISO standard 1133, at 23° C. and 2.16 kg 
b)according to ISO standard 6721-2, at 23° C. 
C)according to ISO standard 527-2, at 23° C. 
d)according to ISO standard 179/leU 
"no fracture 

[0233] 

TABLE 2 

Comparative Exam 
ples A B C D E F 

Polymer a) % by a2) a2) a2) a1) V1) V2) 
Amount of polymer Weight 90 85 80 90 90 86 

a) 
Polymer b) % by b1) b1) b1) b7) V1) V2) 
Amount of polymer Weight 10 15 20 10 10 14 

b) 
MFR 230/216“) g/10 mi 9.7 9.0 8.7 10.9 6.5 15.9 

n 

Shear modulusb) MPa 750 680 620 760 620 820 

Tensile modulus MPa 1430 1320 1320 1500 1290 1570 

of elasticity°) 
Impact strengthd) 

23° C. kJ/m2 152 NF" NF" NF" NF" 155 

0° C. kJ/m2 68 108 126 104 157 94 

—20° C. KJ/m2 21 38 56 62 115 61 
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TABLE 2-continued 

Comparative Exam 
ples A B C D E F 

White fracture 

Volume method 0.23 0.20 0.17 0.40 0.37 0.46 
Calotte method 7.3 7.2 7.0 12.6 16.3 16.2 
23° C. 7.8 7.6 7.6 15.0 15.4 15.1 
Calotte method 
60° C. 

3)according to ISO standard 1133, at 23° C. and 2.16 kg 
b)according to ISO standard 6721-2, at 23° C. 
C)according to ISO standard 527-2, at 23° C. 
d)according to ISO-Norm 179/1eU 
*no fracture 

[0234] Comparison of Tables 1 and 2 reveals, inter alia, 
that the novel propylene polymers (Table 1, Examples 1 to 
9) are distinguished, inter alia, by a smaller tendency to 
White fracture and by higher rigidity (shear modulus, tensile 
modulus of elasticity). 

We claim: 
1. A propylene polymer containing 

a) from 50 to 95 parts by Weight of a propylene 
homopolymer having a melt ?oW index of from 0.1 to 
100 g/10 min., at 230° C. and under a Weight of 2.16 kg, 
according to ISO standard 1133, and an isotacticity 
index of at least 98%, 

b) from 5 to 50 parts by Weight of an ethylene copolymer 
containing from 4 to 40% by Weight of polymerized 
C4-C2O-a1k-1-ene and having a density of from 0.865 to 
0.920 g/cm3 and 

c) from 0 to 1.5 parts by Weight of a nucleating agent, the 
sum of the parts by Weight of the propylene homopoly 
mer a) and of the ethylene copolymer b) alWays being 
100 parts by Weight. 

2. Apropylene polymer as claimed in claim 1, containing 

a) from 75 to 90 parts by Weight of the propylene 
homopolymer a), 

b) from 10 to 25 parts by Weight of the ethylene copoly 
mer b) and 

c) from 0.05 to 1.5 parts by Weight of a nucleating agent, 
the sum of the parts by Weight of the propylene 

homopolymer a) and of the ethylene copolymer b) 
alWays being 100 parts by Weight. 

3. Apropylene polymer as claimed in claim 1, Wherein the 
propylene homopolymer a) has a melt ?oW index of from 0.2 
to 50 g/10 min. at 230° C. and under a Weight of 2.16 kg, 
according to ISO standard 1133. 

4. Apropylene polymer as claimed in claim 1, Wherein the 
propylene homopolymer a) has an isotacticity index of from 
98.0 to 99.5%. 

5. Apropylene polymer as claimed in claim 1, Wherein the 
ethylene copolymer b) has a density of from 0.868 to 0.91 
g/cm3. 

6. Apropylene polymer as claimed in claim 1, wherein the 
ethylene copolymer b) contains but-l-ene, hex-l-ene or 
oct-l-ene as the C4-C2O-a1k-1-ene. 

7. Apropylene polymer as claimed in claim 1, Wherein the 
ethylene copolymer b) contains from 7 to 30% by Weight of 
polymerized C4-C2O-a1k-1-ene. 

8. Apropylene polymer as claimed in claim 1, Wherein the 
nucleating agent c) used is ?nely divided talc. 

9. Aprocess for the preparation of a propylene polymer as 
claimed in claim 1, Wherein the propylene homopolymer a) 
and the ethylene copolymer b) and, if required, the nucle 
ating agent c) are combined With one another in a mixing 
apparatus at from 200 to 250° C. 

10. Aprocess as claimed in claim 9, Wherein the mixing 
apparatus used is an extruder. 


