
US 20030130443A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0130443 A1 
(19) United States 

Suhm et al. (43) Pub. Date: Jul. 10, 2003 

(54) PARTLY CRYSTALLINE PROPYLENE 
POLYMERISATE COMPOSITION FOR 
PRODUCTION OF BIAXIAL-STRETCHED 
POLYPROPYLENE FILMS 

(76) Inventors: Juergen Suhm, Worms-Weinsheim 
(DE); Volker Rauschenberger, 
Eisenberg (DE); Dieter Lilge, 
Limburgerhof (DE); Roland 
Hingmann, Ladenburg (DE); Florian 
Stricker, Feiburg (DE) 

Correspondence Address: 
Keil & Weinkauf 
1101 Connecticut Avenue NW 
Washington, DC 20036 (US) 

(21) Appl. No.: 10/168,215 

(22) PCT Filed: Dec. 11,2000 

(86) PCT No.: PCT/EP00/12511 

(30) Foreign Application Priority Data 

Dec. 21, 1999 (DE) ................................... .. 199 62 130.6 
Feb. 3, 2000 (DE) ................................... .. 100 04 660.6 

Publication Classi?cation 

(51) Int. Cl.7 ............................ .. C08F 2/00; C08G 85/00 
(52) US. Cl. .......................... .. 526/65; 526/126; 526/170; 

526/351 

(57) ABSTRACT 

The present invention relates to a semicrystalline propylene 
polymer composition prepared by polymerizing propylene, 
ethylene and/or C4-C18-1-alkenes, Where at least 50 mol % 
of the monomer units present stem from the polymerization 
of propylene and at least 20% by Weight of the propylene 
polymer composition is the result of a polymerization using 
metallocene catalysts, 

With a melting point TM of from 65 to 170° C., 

Where the semicrystalline propylene polymer compo 
sition can be broken doWn into 

from 65 to 85% by Weight of a principal component A, 

from 10 to 35% by Weight of an ancillary component B 
and 

from 0 to 25% by Weight of an ancillary component C, 

and Where the proportions of components A, B and C 
are determined by carrying out TREF (temperature 
rising elution fractionation) in Which that fraction of 
the propylene polymer composition Which is soluble 
in Xylene at (TM/2)+7.5° C. is ?rstly dissolved and 
separated off and then, as the temperature rises, at all 
of the higher temperatures 70° C., 75° C., 80° C., 85° 
C., 90° C., 94° C., 98° C., 102° C., 107° C., 112° C., 
117° C., 122° C. and 125° C., the fractions soluble 
Within the temperature range betWeen this elution 
temperature and the preceding elution temperature 
are eluted, 

and the principal component A is formed by all of the 
fractions Which are eluted at above (TM/2)+7.5° C. 
and have an average molar mass MN [sic] (number 
average); 120,000 g/mol, 

the ancillary component B is formed by the fraction 
Which is eluted at (TM/2)+7.5° C., and 

the ancillary component C is formed by all of the 
fractions Which are eluted at above (TM/2)+7.5° C. 
and have an average molar mass Mn (number aver 
age)<120,000 g/mol. 

Aprocess for preparing the semicrystalline propylene poly 
mer composition is also described, as are the use of the 
semicrystalline propylene polymer composition for produc 
ing ?lms, ?bers or moldings, and the ?lms, ?bers and 
moldings made from this composition. 
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PARTLY CRYSTALLINE PROPYLENE 
POLYMERISATE COMPOSITION FOR 

PRODUCTION OF BIAXIAL-STRETCHED 
POLYPROPYLENE FILMS 

[0001] The present invention relates to a semicrystalline 
propylene polymer composition prepared by polymerizing 
propylene, ethylene and/or C4-C18-1-alkenes, Where at least 
50 mol % of the monomer units present stem from the 
polymeriZation of propylene and at least 20% by Weight of 
the propylene polymer composition is the result of a poly 
meriZation using metallocene catalysts, 

[0002] 
[0003] Where the melting point TM is measured in ° 

C. by differential scanning calorimetry (DSC) to ISO 
3146 by heating a previously melted specimen at a 
heating rate of 20° C./min, and is the maXimum of 
the resultant curve, 

[0004] and the semicrystalline propylene polymer 
composition can be broken doWn into 

[0005] from 65 to 85% by Weight of a principal 
component A, 

[0006] from 10 to 35% by Weight of an ancillary 
component B and 

[0007] from 0 to 25% by Weight of an ancillary 
component C, 

With a melting point TM of from 65 to 170° C., 

[0008] Where the proportions of components A, B 
and C are determined by carrying out TREF (tem 
perature rising elution fractionation) in Which the 
polymers are ?rstly dissolved in boiling Xylene and 
the solution is then cooled at a cooling rate of 10° 
C./h to 25° C., and then, as the temperature rises, that 
fraction of the propylene polymer composition 
Which is soluble in Xylene at (TM/2)+7.5° C. is ?rstly 
dissolved and separated off from the remaining solid, 
and then, as the temperature rises, at all of the higher 
temperatures 70° C., 75° C., 80° C., 85° C., 90° C., 
94° C., 98° C., 102° C., 107° C., 112° C., 117° C., 
122° C. and 125° C., the fractions soluble Within the 
temperature range betWeen this elution temperature 
and the preceding elution temperature are eluted, and 
the fractions taken into consideration during the 
evaluation Which folloWs are those Whose proportion 
by Weight is at least 1% by Weight of the initial 
Weight of the propylene polymer composition, and 
gel permeation chromatography (GPC) at 145° C. in 
1,2,4-trichlorobenZene is used to measure the molar 
mass distribution of all of the fractions to be taken 
into consideration, and the principal component A is 
formed by all of the fractions Which are eluted at 
above (TM/2)+7.5° C. and have an average molar 
mass MN [sic] (number average)§120,000 g/mol, 

[0009] the ancillary component B is formed by the 
fraction Which is eluted at (TM/2)+7.5° C., and 

[0010] the ancillary component C is formed by all of 
the fractions Which are eluted at above (TM/2)+7.5° 
C. and have an average molar mass MN [sic] (number 
average)<120,000 g/mol. 

[0011] The invention further relates to processes for pre 
paring the semicrystalline propylene polymer composition, 
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the use of the semicrystalline propylene polymer composi 
tion for producing ?lms, ?bers or moldings, and also to the 
?lms, ?bers and moldings made from this composition. 

[0012] The term polypropylene is generally understood to 
denote a Wide variety of different polymers, a common 
feature of Which is that they have been built up to a 
substantial eXtent from the monomer propylene. The various 
polypropylenes are generally obtained by coordinative poly 
meriZation on catalysts made from transition metals, Which 
give predominantly ordered incorporation of the monomers 
into a groWing polymer chain. 

[0013] The polymer chains obtained during the polymer 
iZation of propylene With the usual coordination catalysts 
have a methyl side group on each second carbon atom. The 
polymeriZation therefore proceeds in a regioselective man 
ner. Depending on the orientation of the monomers during 
incorporation into the chain, various stereochemical con 
?gurations are obtained. If the monomers all have the same 
arrangement When they are incorporated, the methyl side 
groups in the polymer chain are then all on the same side of 
the principal chain. The term used is isotactic polypropy 
lene. If all of the monomers alternate in their spatial orien 
tation When incorporated into the chain, the resultant 
polypropylene is termed syndiotactic. Both of these varieties 
With their stereoregular structures are semicrystalline and 
therefore have a melting point. 

[0014] HoWever, since the incorporation of the propylene 
monomers When coordination catalysts are used is not 
absolutely consistent, but some of the monomers are intro 
duced in a Way Which differs from that of the majority, the 
polymer chains formed alWays have “defects” in the pre 
vailing arrangement, and the number of these defects can 
vary considerably. 

[0015] The longer the defect-free structure sequences in 
the polymer chains, the more readily the chains crystalliZe 
and therefore the higher are the crystallinity and the melting 
point of the polypropylene. 

[0016] If the methyl side groups have an irregular stere 
ochemical arrangement the polypropylenes are termed atac 
tic. These are completely amorphous and therefore have no 
melting point. 

[0017] The industrial preparation of polypropylene noWa 
days mostly uses heterogeneous catalysts based on titanium, 
and the resultant product is a predominantly isotactic poly 
mer. These catalysts, for Which the term Ziegler-Natta 
catalysts has become established, have a number of different 
centers active for polymeriZation. These centers differ both 
in their stereospeci?city, i.e. in the number of “defects” 
Which the resultant chains have, and also in the average 
molar mass of the chains formed. The predominant defects 
observed in all cases are stereo defects, implying that 
individual propylene monomers Were incorporated syn 
diospeci?cally instead of isospeci?cally. The result of poly 
meriZation With heterogeneous catalysts of this type is 
therefore a mixture of various polymer chains Which differ 
both in their stereochemistry and in their molar mass. 

[0018] Metallocenes are compounds Which are active in 
polymeriZation and, unlike Ziegler-Natta catalysts, have just 
one clearly de?nable polymeriZation center. The resultant 
polymer chains have uniform stereochemistry and also uni 
form molar mass. The polypropylenes formed by metal 
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locene catalysts also differ from those from heterogeneous 
catalysts in that the predominant defects in the chain struc 
ture are not stereo defects but regio defects, so that in these 
polypropylenes it is no longer the case that precisely each 
second carbon atom carries a methyl side group. 

[0019] The polypropylenes obtained by metallocene 
catalysis therefore alloW the production of ?lms, ?bers or 
moldings With novel combinations of properties. 

[0020] A signi?cant application sector for polypropylenes 
is that of ?lms, in particular biaxially stretched ?lms, 
frequently also termed BOPP (biaxially oriented polypro 
pylene) ?lms. 

[0021] A general aim of almost all developments in the 
polypropylene sector has been to reduce the soluble frac 
tions of the polymers used. This is frequently possible via 
the use of optimiZed conventional Ziegler-Natta catalysts. 
The result is ?rstly an improvement in organoleptic prop 
erties, advantageous for applications in the medical and food 
sectors, and secondly a favorable effect on mechanical 
properties, in particular stiffness. HoWever, polypropylenes 
of this type With reduced soluble fractions cannot be used for 
producing biaxially stretched polypropylene ?lms, since 
they have loW capability, or no capability, for processing to 
give these ?lms. 

[0022] Polymers prepared using metallocene catalysts 
have per se only a very loW content of soluble fractions. 
There is therefore increased interest in ?nding propylene 
polymers Which can readily be processed to give BOPP ?lms 
and Which have been obtained by polymeriZation using 
metallocene catalysts. 

[0023] EP-A 745 638 discloses biaxially oriented polypro 
pylene ?lms Whose base layer is composed of a polypropy 
lene prepared using metallocene catalyst. This polypropy 
lene centers on an isotactic block of length greater than 40, 
and has an n-heptane-soluble fraction of less than 1% and a 
narroW molar mass distribution. 

[0024] EP-A 905 173 describes a process for producing 
biaxially oriented ?lms using isotactic polypropylenes 
Which contain at least 0.5% of 2,1-insertions, at least 96% of 
meso pentads and at least 99% of meso diads and Which 
Were prepared using a bridged metallocene complex con 
taining substituted indene groups, and also describes the 
resultant biaxially oriented ?lms. 

[0025] Although the propylene polymers described in 
these documents and prepared using metallocenes alloW the 
production of biaxially stretched ?lms, their processibility is 
still unsatisfactory. In particular, the processing latitude, i.e. 
the temperature range Within Which the production of biaxi 
ally stretched polypropylene ?lms can proceed Without 
disruption, is insufficient. One reason, inter alia, for desiring 
very good processing latitude is that the production process 
is then not excessively sensitive to temperature variation. 

[0026] W0 98/ 10016 describes semicrystalline propylene 
polymer compositions Which contain both a propylene 
homopolymer component and a propylene copolymer com 
ponent. The propylene polymer compositions are prepared 
by using a metallocene catalyst system Which comprises at 
least tWo different metallocenes, and the polymeriZation 
takes place in at least tWo stages, Where in one stage the 
propylene homopolymer is prepared and in another stage the 
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propylene copolymer is prepared With a small proportion of 
comonomer. Compared With normal metallocene polypro 
pylenes, these compositions have broader molar mass dis 
tribution and broader composition distribution. (See also A. 
K. Mehta, M. C. Chen, J. J. McAlpin, “Potential Film 
Applications of Metallocene-based Propylene Polymers 
from Exxpol Catalysis”, Eds.: G. M. Benedikt, B. L. Good 
all, Plastic Design Library, 1998.) They are suitable for 
producing oriented ?lms, have a relative good processing 
range and can be stretched at temperatures loWer than those 
for conventional polypropylenes. HoWever, a disadvantage 
is that the propylene polymer compositions are complicated 
to prepare. There is moreover a need for still better process 
ing latitude. 

[0027] It is an object of the present invention, therefore, to 
overcome the disadvantages described and to develop pro 
pylene polymer compositions Which can readily be pro 
cessed to give BOPP ?lms and have a very high proportion 
of polymers prepared by metallocene catalysis. These poly 
mers should be accessible via a very uncomplicated process, 
contain only a very small proportion of soluble fractions, 
have good processing latitude to give biaxially stretched 
?lms, and give BOPP ?lms With good properties, in par 
ticular With high stiffness and good barrier action. 

[0028] We have found that this object is achieved by 
means of the semicrystalline propylene polymer composi 
tion de?ned at the outset, and also by processes for preparing 
the semicrystalline propylene polymer composition, the use 
of the semicrystalline propylene polymer composition for 
producing ?lms, ?bers or moldings, and also the ?lms, ?bers 
and moldings made from this composition. 

[0029] The novel semicrystalline propylene polymer com 
position is prepared by polymeriZing propylene, ethylene 
and/or C4-C18-1-alkenes. For the purposes of the present 
invention, C4-C18-1-alkenes are linear or branched l-alk 
enes Which have from 4 to 18 carbon atoms. Preference is 
given to linear l-alkenes. Particular examples are ethylene, 
1-butene, 1-pentene, 1-hexene, 1-heptene and 1-octene, and 
mixtures made from these comonomers, and preference is 
given to the use of ethylene or 1-butene. The propylene 
polymer composition comprises at least 50 mol % of mono 
mer units Which stem from polymeriZation of propylene. It 
is preferable for the content of monomer units derived from 
propylene to be at least 70 mol %, and in particular at least 
85 mol %. HoWever, in preparing the novel propylene 
polymer composition it is also possible for propylene to 
have been the single monomer used, and the propylene 
polymer composition may therefore be a propylene 
homopolymer. If use has been made of one or more comono 

mers, the entire propylene polymer composition may have 
essentially the same comonomer distribution, as in a random 
copolymer. HoWever, as in What are knoWn as impact 
copolymers of propylene, there may also be a mixture of 
different components Which have different comonomer con 
tents. 

[0030] According to the invention, at least 20% by Weight 
of the propylene polymer composition are obtained by 
polymeriZation using metallocene catalysts. It is preferable 
for the proportion of the metallocene polypropylene to be at 
least 50% by Weight and in particular at least 80% by Weight. 
In one very particularly preferred embodiment, the poly 
meriZation of the entire propylene polymer composition is 
brought about by metallocene catalysts. 
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[0031] For the purposes of the present invention, metal 
locene catalysts are any of the catalyst systems Which 
comprise at least one metallocene compound, and metal 
locenes here are any of the complex compounds of metals of 
transition groups of the Periodic Table With organic ligands, 
and these, together With metallocenium-ion-forming com 
pounds, give effective catalyst systems. 

[0032] Metallocene catalysts suitable according to the 
invention generally comprise, as active constituents, 

[0033] A) at least one metallocene complex of the formula 
(I) 

(I) 

[0034] Where: 

[0035] M is titanium, Zirconium, hafnium, vanadium, 
niobium or tantalum, or also elements of the 3rd 
subgroup of the Periodic Table or of the lanthanoids, 

[0036] X is ?uorine, chlorine, bromine, iodine, hydro 
gen, C1-C10-alkyl, C6-C15-aryl, alkylaryl having 
from 1 to 10 carbon atoms in the alkyl radical and 
from 6 to 20 carbon atoms in the aryl radical, —OR6 
or —NR6R7, 

[0037] n is 1, 2 or 3, Where n is the valence of M 
minus the number 2, 

[0038] Where 
[0039] R6 and R7 are C1-C1O-alkyl, C6-C15-aryl, alky 

laryl, arylalkyl, ?uoroalkyl or ?uoroaryl having in 
each case from 1 to 10 carbon atoms in the alkyl 
radical and from 6 to 20 carbon atoms in the aryl 
radical, and 

[0040] the radicals X are identical or different, 

[0041] R1 to R5 are hydrogen, C1-C1O-alkyl, 5- to 
7-membered cycloalkyl, Which in turn may be 
C1-C1O-alkyl-substituted, C6-C15-aryl or arylalkyl, 
Where tWo adjacent radicals together may also be 
saturated or unsaturated cyclic groups having from 4 
to 15 carbon atoms, or Si(R8)3, Where 

[0042] R8 may be C1-C1O-alkyl, C3-C1O-cycloalkyl or 
C6-C15-aryl, and 

Z is X or R11 R10, 

[0043] Where 
[0044] R9 to R13 are hydrogen, C1-C10-alkyl, 5- to 
7-membered cycloalkyl, Which in turn may be 
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C1-C1O-alkyl-substituted, C6-C15-aryl or arylalkyl, 
Where tWo adjacent radicals together may also be 
saturated or unsaturated cyclic groups having from 4 
to 15 carbon atoms, or Si(R14)3, Where 

[0045] R14 is C1-C10-alkyl, C3-C1O-cycloalkyl or 
C6_C15_ary1> 

[0046] or Where R4 and Z together form a grouping 
—R15-A-, Where 

R16 R16 R16 R16 

_l1_, _l1_l1_, _t1_CR18_ 
IL17 IL17 IL17 IL17 

R16 R16 R16 R16 

| II | | 
—C— —O—M — —C—C— 

IL17 IL17 IL17 IL17 

[0048] Where 

[0049] each of R16, R17 and R18 is identical or dif 
ferent and is hydrogen, halogen, C1-C10-alkyl, 
C1-C1O-?uoroalkyl, C6-C1O-?uoroaryl, C6-C1O-aryl, 
C1-C1O-alkoXy, C2-C1O-alkenyl, C7-C4O-arylalkyl, 
C8-C4O-arylalkenyl or C7-C4O-alkylaryl, or Where 
tWo adjacent radicals, in each case With the atoms 
linking them, form a saturated or unsaturated ring 
having from 4 to 15 carbon atoms, and 

[0050] M1 is silicon, germanium or tin, 

Ais —O—, —S—, NR19 or PR19, Where 

[0051] R19 is C1-C1O-alkyl, C6-C15-aryl, C3-C1O-cy 
cloalkyl, C7-C18-alkylaryl or Si(R2O)3, 

[0052] R20 is hydrogen, C1-C10-alkyl, C6-C15-aryl, 
Which may in turn be substituted With C1-C4-alkyl 
groups, or is C3-C1O-cycloalkyl, 

[0053] or Where R4 and R12 together form a grouping 
_R1s__ 

[0054] The radicals X in the formula (I) are preferably 
identical. 



US 2003/0130443 A1 

[0055] Among the metallocene complexes of the general 
formula (I), preference is given to 

(Ia) 
R3 R2 

R4 R1 

R5 MXn+1> 

(1b) 
R3 R2 

R4 R1 

R5 
MX , 

R13 n 

R12 R9 

R11 R10 
(16) 

R3 R2 

R1 

R5 
R15 Mxn and 

R13 

R9 

R11 R10 
(Id) 

R3 R2 

R1 

5 

R15\R MXn. A/ 
[0056] Among the compounds of the formula (Ia), pref 
erence is given in particular to those in Which 

[0057] M is titanium, Zirconium or hafnium, 

[0058] X is chlorine, C1-C4-alkyl or phenyl, 

[0059] n is the number 2 and 

[0060] R1 to R5 are hydrogen or C1-C4-alkyl. 

[0061] Among the compounds of the formula (Ib), pref 
erence is given to those in Which 

[0062] M is titanium, Zirconium or hafnium, 

[0063] X is chlorine, C1-C4-alkyl or phenyl, 

[0064] n is the number 2, 

[0065] R1 to R5 are hydrogen, C1-C4-alkyl or Si(R8)3 
and 
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[0066] R9 to R13 are hydrogen, C1-C4-alkyl or 
Si(R14)3. 

[0067] Particularly suitable compounds of the formula (Ib) 
are those in Which the cyclopentadienyl radicals are identi 
cal. 

[0068] Examples of particularly suitable compounds are: 

[0069] bis(cyclopentadienyl)Zirconium dichloride, 

[0070] bis(pentamethylcyclopentadienyl)Zirconium 
dichloride, 

[0071] bis(methylcyclopentadienyl)Zirconium dichlo 
ride, 

[0072] bis(ethylcyclopentadienyl)Zirconium dichloride, 

[0073] bis(n-butylcyclopentadienyl)Zirconium dichlo 
ride and 

[0074] bis(trimethylsilylcyclopentadienyl)Zirconium 
dichloride, 

[0075] and also the corresponding dimethylZirconium 
compounds. 

[0076] Particularly suitable compounds of the formula (Ic) 
are those in Which 

[0077] R1 and R9 are identical and are hydrogen or 
C1-C1O-alkyl, 

[0078] R5 and R13 are identical and are hydrogen, 
methyl, ethyl, isopropyl or tert-butyl, 

[0079] R3 and R11 are C1-C4-alkyl and 

[0080] R2 and R10 are hydrogen 

[0081] or 

[0082] tWo adjacent radicals R2 and R3, or also R10 
and R11, together are a saturated or unsaturated 
cyclic group having from 4 to 12 carbon atoms, 

[0083] M is titanium, Zirconium or hafnium, and 

[0084] X is chlorine, C1-C4-alkyl or phenyl. 

[0085] Examples of particularly suitable complex com 
pounds (Ic) are 

[0086] dimethylsilanediylbis(cyclo 
pentadienyl)Zirconium dichloride, 

[0087] dimethylsilanediylbis(indenyl)Zirconium 
dichloride, 

[0088] dimethylsilanediylbis(tetrahy 
droindenyl)Zirconium dichloride, 

[0089] 
ride, 

ethylenebis(cyclopentadienyl)Zirconium dichlo 
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[0090] ethylenebis(indenyl)Zirconium dichloride, 
[0091] ethylenebis(tetrahydroindenyl)Zirconium 

dichloride, 
[0092] tetramethylethylene-9-?uorenylcyclopentadi 

enylZirconium dichloride, 
[0093] dimethylsilanediylbis(3-tert-butyl-5-methylcy 

clopentadienyl)-Zirconium dichloride, 

[0094] dimethylsilanediylbis(3-tert-butyl-5-ethylcyclo 
pentadienyl)-Zirconium dichloride, 

[0095] dimethylsilanediylbis(2-methylindenyl)Zirco 
nium dichloride, 

[0096] dimethylsilanediylbis(2-isopropylindenyl)Zirco 
nium dichloride, 

[0097] dimethylsilanediylbis(2-tert-butylindenyl)Zirco 
nium dichloride, 

[0098] diethylsilanediylbis(2-methylindenyl)Zirconium 
dibromide, 

[0099] dimethylsilanediylbis(3-methyl-5-methylcyclo 
pentadienyl)-Zirconium dichloride, 

[0100] dimethylsilanediylbis(3-ethyl-5-isopropylcyclo 
pentadienyl)Zirconium dichloride, 

[0101] dimethylsilanediylbis(2-ethylindenyl)Zirconium 
dichloride, 

[0102] dimethylsilanediylbis (2-methyl-4,5-benZinde 
nyl) Zirconium dichloride, 

[0103] dimethylsilanediylbis(2-ethyl-4,5-benZinde 
nyl)Zirconium dichloride, 

[0104] methylphenylsilanediylbis(2-methyl-4,5-ben 
Zindenyl)Zirconium dichloride, 

[0105] methylphenylsilanediylbis(2-ethyl-4,5-benZin 
denyl)Zirconium dichloride, 

[0106] diphenylsilanediylbis(2-methyl-4,5-benZinde 
nyl)Zirconium dichloride, 

[0107] diphenylsilanediylbis(2-ethyl-4,5-benZinde 
nyl)Zirconium dichloride, and 

[0108] diphenylsilanediylbis(2-methylindenyl)hafnium 
dichloride, 

[0109] and also the corresponding dimethylZirconium 
compounds. 

[0110] Other examples of suitable complex compounds 
are 

[0111] dimethylsilanediylbis(2-methyl-4-phenylinde 
nyl)Zirconium dichloride, 

[0112] dimethylsilanediylbis(2-methyl-4-naphthylinde 
nyl)Zirconium dichloride, 

[0113] dimethylsilanediylbis(2-methyl-4-isopropylin 
denyl)Zirconium dichloride, 

[0114] dimethylsilanediylbis(2-methyl-4,6-diisopropyl 
indenyl)Zirconium dichloride, 

[0115] dimethylsilanediylbis(2-methyl-4[4‘-tert-bu 
tylphenyl]indenyl)Zirconium dichloride, 
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[0116] dimethylsilanediylbis(2-ethyl-4[4‘-tert-bu 
tylphenyl]indenyl)-Zirconium dichloride, 

[0117] dimethylsilanediylbis(2-propyl-4[4‘-tert-bu 
tylphenyl]indenyl)-Zirconium dichloride, and 

[0118] dimethylsilanediyl(2-isopropyl-4[4‘-tert-bu 
tylphenyl]indenyl)-(2-methyl-4[4‘-tert-butylphenyl]in 
denyl)Zirconium dichloride 

[0119] and also the corresponding dimethylZirconium 
compounds. 

[0120] Particularly suitable compounds of the general 
formula (Id) are those in Which 

[0121] M is titanium or Zirconium, 

[0122] X is chlorine, C1-C4-alkyl or phenyl. 

[0123] and 
[0124] R1 to R3 and R5 are hydrogen, C1-C1O-alkyl, 

C3-C1O-cycloalkyl, C6-C15-aryl or Si(R8)3, or Where 
tWo adjacent radicals are a cyclic group having from 
4 to 12 carbon atoms. 

[0125] Complex compounds of this type may be synthe 
siZed by methods knoWn per se. Preference is given to 
reacting the corresponding substituted cyclic hydrocarbon 
anions With halides of titanium, Zirconium, hafnium, vana 
dium, niobium or tantalum. 

[0126] Examples of corresponding preparation processes 
are described, inter alia, in the Journal of Organometallic 
Chemistry, 369 (1989), 359-370. 

[0127] It is also possible to use mixtures of different 
metallocene complexes as component A). 

[0128] The metallocene catalysts also comprise at least 
one metallocenium-ion-forming compound as compound 
B). 
[0129] Examples of suitable metallocenium-ion-forming 
compounds B) are strong neutral LeWis acids, ionic com 
pounds With LeWis-acid cations and ionic compounds With 
Bronsted acids as cations. 

[0130] Preferred strong neutral Lewis acids are com 
pounds of the general formula (II) 

M2x1x2x3 (II) 

[0131] Where 
[0132] M2 is an element of the 3rd main group of the 

Periodic Table, in particular B, Al or Ga, preferably 
B, and 

[0133] X1, X2 and X3 are hydrogen, C1-C10-alkyl, 
C6-C15-aryl, alkylaryl, arylalkyl, haloalkyl or 
haloaryl With in each case from 1 to 10 carbon atoms 
in the alkyl radical and from 6 to 20 carbon atoms in 
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the aryl radical or ?uorine, chlorine, bromine or 
iodine, in particular haloaryl, preferably penta?uo 
rophenyl. 

[0134] Particular preference is given to compounds of the 
general formula (II), in Which X1, X2 and X3 are identical, 
preferably tris(penta?uorophenyl)borane. 

[0135] Suitable ionic compounds With LeWis-acid cations 
are compounds of the general formula (III) 

[0137] Y is an element of the 1st to 6th main group 
or of the 1st to 8th subgroup of the Periodic Table, 

[0138] Q1 to QZ are radicals With a single negative 
charge, such as C1-C28-alkyl, C6-C15-aryl, alkylaryl, 
arylalkyl, haloalkyl, haloaryl With in each case from 
6 to 20 carbon atoms in the aryl radical and from 1 
to 28 carbon atoms in the alkyl radical, C3-C1‘) 
cycloalkyl, Which may be unsubstituted or substi 
tuted With C1-C1O-alkyl groups, or are halogen, 
C1-C28-alkoxy, C6-C15-aryloxy, silyl or mercaptyl, 

[0139] 

[0140] 

a is an integer from 1 to 6, 

Z is an integer from 0 to 5, and 

[0141] d is the difference a-Z, and is greater than or 
equal to 1. 

[0142] Particularly suitable cations are carbonium cations, 
oxonium cations and sulfonium cations, and also cationic 
transition metal complexes. The triphenylmethyl cation, the 
silver cation and the 1,1‘-dimethylferrocenyl cation should 
be mentioned in particular. They preferably have non 
coordinating counterions, in particular boron compounds, as 
also mentioned in WO 91/09882, preferably tetrakis(pen 
ta?uorophenyl) borate. 

[0143] Ionic compounds With Bronsted acids as cations 
and preferably likeWise non-coordinating,counterions are 
mentioned in WO 91/09882, and a preferred cation is 
N,N-dimethylanilinium. 

[0144] The amount of strong neutral LeWis acids, of ionic 
compounds With LeWis-acid cations or of ionic compounds 
With Bronsted acids as cations is preferably from 0.1 to 10 
equivalents, based on the metallocene complex A). 

[0145] Particularly suitable metallocenium-ion-forming 
compounds B) are open-chain or cyclic aluminoxane com 
pounds of the general formulae (IV) or (V) 

(IV) 
R21 

R21 

(V) 
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[0146] Where R21 is C1-C4-alkyl, preferably methyl or 
ethyl, and m is an integer from 5 to 30, preferably from 10 
to 25. 

[0147] These oligomeric aluminoxane compounds are 
generally prepared by reacting a solution of trialkylalumi 
num With Water, as described, inter alia, in EP-A 284 708 
and US. Pat. No. 4 794 096. 

[0148] The oligomeric aluminoxane compounds thus 
obtained are generally mixtures of different linear and/or 
cyclic long-chain molecules, and m is therefore to be 
regarded as an average value. The aluminoxane compounds 
may also be present in a mixture With other metal alkyl 
compounds, preferably With alkylaluminum compounds. 

[0149] It has proven advantageous to use amounts of the 
metallocene complexes A) and of the oligomeric aluminox 
ane compounds of the general formulae (IV) or (V) Which 
give an atomic ratio of aluminum from the oligomeric 
aluminoxane compounds to transition metal from the met 
allocene complexes in the range from 10:1 to 106:1, in 
particular from 10:1 to 104:1. 

[0150] It is moreover possible for the component B) used 
to be aryloxyaluminoxanes, as described in US. Pat. No. 5 
391 793, aminoaluminoxanes, as described in Us. Pat. No. 
5 371 260, aminoaluminoxane hydrochlorides, as described 
in EP-A 633 264, siloxyaluminoxanes, as described in EP-A 
621 279, or mixtures of these, instead of the aluminoxane 
compounds of the general formulae (IV) or 

[0151] Other suitable metallocenium-ion-forming com 
pounds B) are the 40 boron-aluminium compounds dis 
closed in WO 99/06414, for example di[bis(penta-?uo 
rophenylboroxy)]methylalane. The boron-aluminium 
compounds used may also have been deposited onto an 
organic or inorganic support. 

[0152] The metallocene complexes A), and also the met 
allocenium-ion-forming compounds B), are preferably used 
in solution, particular reference being given to aromatic 
hydrocarbons having from 6 to 20 carbon atoms, in particu 
lar xylenes and toluene. 

[0153] Suitable metallocene catalysts may also comprise, 
as further component C), a metallic compound of the general 
formula (VI) 

M3 (REL (R205 (R24)‘ (VI) 

[0154] Where 

[0155] M3 is an alkali metal, an alkaline-earth metal 
or a metal of the 3rd main group of the Periodic Table 
i.e. boron, aluminum, gallium, indium or thallium, 

[0156] R22 is hydrogen, C1-C10-alkyl, C6-C15-aryl, 
alkylaryl or arylalkyl having in each case from 1 to 
10 carbon atoms in the alkyl radical and from 6 to 20 
carbon atoms in the aryl radical, 

[0157] R23 and R24 are hydrogen, halogen, C1-C1‘) 
alkyl, C6-C15-aryl, alkylaryl, arylalkyl or alkoxy 
having in each case from 1 to 10 carbon atoms in the 
alkyl radical and from 6 to 20 carbon atoms in the 
aryl radical, 
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[0158] r is an integer from 1 to 3, 

[0159] and 

[0160] s and t are integers from 0 to 2, and the total 
r+s+t corresponds to the valence of M3. 

[0161] Among the metallic compounds of the general 
formula (VI), preference is given to those in Which 

[0162] M3 is lithium, magnesium or aluminum, and 

[0163] R23 and R24 are Cl-Clo-alkyl. 

[0164] Particularly preferred metallic compounds of the 
formula (VI) are n-butyllithium, n-butyl-n-octylmagnesium, 
n-butyl-n-heptyl-magnesium, tri-n-hexylaluminum, tri 
isobutylaluminum, triethyl-aluminum and trimethylalumi 
num. 

[0165] If a metallic compound C) is used, it is preferably 
present in the catalyst system in an amount Which gives a 
molar ratio of M3 from formula (VI) to transition metal M 
from formula (I) of from 800:1 to 1:1, in particular from 
500:1 to 50:1. 

[0166] The metallocene complexes A) may also be used 
on a support material. 

[0167] The support materials used are preferably ?nely 
divided supports Which generally have a particle diameter in 
the range from 1 to 300 pm, in particular from 20 to 90 pm. 
Examples of suitable support materials are inorganic oxides 
of silicon, of aluminum, of titanium, or of one of the metals 
of the 1st or 2nd main group of the Periodic Table or 
mixtures of these oxides, among Which, besides alumina and 
magnesium oxide and phyllosilicates, preference is in par 
ticular given to silica gel. 

[0168] The support may also be subjected to treatment 
With heat, eg to remove adsorbed Water, and treatment of 
this type is usually carried out at from 80 to 200° C., 
preferably from 100 to 150° C., or the support may be 
calcined. The support may also be treated chemically, gen 
erally using conventional drying agents, such as metal alkyl 
compounds, preferably aluminum alkyl compounds, chlo 
rosilanes or SiCl4. 

[0169] Other suitable supports are ?ne-particle polyole 
?ns, such as ?ne-particle polypropylene. 

[0170] The metallocene catalyst systems may also be 
mixed With Ziegler catalysts, in the presence or absence of 
any of the monomers to be polymeriZed, and used in the 
ole?n polymeriZation. 

[0171] It is also possible, for example in suspension or in 
bulk procedures, for the catalysts to have been prepolymer 
iZed or preactivated. 

[0172] The novel semicrystalline propylene polymer com 
positions have a melting point TM of from 65 to 170° C., 
preferably from 135 to 165° C. and in particular from 140 to 
160° C. 

[0173] For the purposes of the present invention, the 
melting point TM here is the temperature of the maximum in 
the graph of enthalpy against temperature resulting from 
differential scanning calorimetry (DSC) to ISO 3146 and 
obtained by heating a previously melted specimen at a 
heating rate of 20° C./min. The DSC measurement here is 
usually carried out by ?rst heating the specimen at a heating 
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rate of 20° C./min to about 40° C. above the melting point, 
and then alloWing the specimen to undergo dynamic crys 
talliZation at a cooling rate of 20° C./min, and determining 
the melting point TM during a second heating procedure at 
a heating rate of 20° C./min. 

[0174] The novel semicrystalline propylene polymer com 
positions have 

[0175] from 65 to 85% by Weight, preferably from 70 
to 80% by Weight, of a principal component A, 

[0176] from 10 to 35% by Weight, preferably from 10 
to 25% by Weight, of an ancillary component B, and 

[0177] from 0 to 25% by Weight, preferably from 5 to 
25% by Weight, and in particular from 10 to 20% by 
Weight, of an ancillary component C, 

[0178] Where components A, B and C differ in their 
stereospeci?city and in their molar mass. 

[0179] To determine the proportions of components A, B 
and C in the semicrystalline propylene polymer composi 
tions, according to the invention a fractionation is carried out 
using TREF (temperature rising elution fractionation) and 
the molar mass distribution of all of the fractions is then 
measured by gel permeation chromatography (GPC). 
[0180] GPC and TREF are methods for using various 
physical properties to fractionate polymer specimens. While 
GPC fractionates polymer chains by their siZe, the separa 
tion in TREF is by crystalliZability of the polymer mol 
ecules. The principle of temperature rising elution fraction 
ation Was described in detail in L. Wild, Advances in 
Polymer Sciences 98, 1-47 (1990), by Way of example. In 
this technique, a polymer specimen is dissolved in a solvent 
at an elevated temperature, and the concentration of the 
solution should be beloW 2% by Weight. The polymer 
solution is then cooled very sloWly (about 01° C./min). The 
?rst polymer molecules to precipitate are then those Which 
crystalliZe very Well, and these are folloWed by molecules 
With poorer crystalliZation properties. In the polymer par 
ticles produced in the solvent, therefore, the crystalliZability 
of the molecules of Which these particles are composed 
decreases from the inside toWard the outside. The cooling is 
folloWed by the actual fractionation by heating the polymer 
suspension. During this process, the molecules Which crys 
talliZe poorly, located on the periphery of the polymer 
particles, are ?rst dissolved at a relatively loW temperature 
and are removed With the solvent Which has dissolved them, 
folloWed at a higher temperature by the polymer chains 
Which crystalliZe more readily. 

[0181] The apparatus shoWn diagrammatically in FIG. 1 
has proven particularly suitable for carrying out TREF. This 
is composed of a temperature-controllable storage tank (1), 
a temperature-controllable elution vessel (2), tWo thermo 
stats (3) (type HC5 from Julabo, for example), tWo tem 
perature sensors (4) and a high-performance mixer (5) With 
Which the polymer suspension is mixed. In the loWer part of 
the elution vessel, separated off by Wire netting, there is 
glass Wool (6) Which prevents undissolved polymer particles 
from being discharged When polymer solutions are run off. 

[0182] According to the invention, to characteriZe semic 
rystalline propylene polymer compositions the polymer is 
?rst dissolved in xylene. In principle it is possible here to use 
any xylene isomer, isomer mixture or isomer mixture With 
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ethylbenZene content, and for economic reasons isomer 
mixtures are preferred. HoWever, it is advantageous to avoid 
use of pure p-xylene and of isomer mixtures With a p-xylene 
content of more than about 50% by Weight, since p-xylene 
freeZes at about 20° C. 

[0183] To dissolve the polymer specimen it is placed, for 
example, together With the solvent in a glass vessel With a 
magnetic stirrer rod, underneath a re?ux condenser, and the 
glass vessel is then heated in a temperature-controllable bath 
With stirring until the polymer has dissolved completely. The 
polymer solution is then cooled, eg by dipping the glass 
vessel into the preheated oil bath of a thermostat system, at 
a cooling rate of 10° C./h until room temperature has been 
reached. The speci?ed cooling may be achieved by appro 
priately programming a programmer associated With the 
thermostat system. 5 g of propylene polymer are usually 
dissolved in 400 ml of xylene for each TREF analysis. 

[0184] The polymer suspension resulting from the speci 
?ed crystalliZation procedure is transferred into the elution 
vessel (2) of the apparatus shoWn in FIG. 1, the temperature 
is raised to (TM/2)+7.5° C. and the polymer crystals are 
extracted at this temperature for 15 minutes With vigorous 
mixing. The polymer solution is then run off, While the 
crystals remain in the extractor. The dissolved polymer is 
preferably precipitated in cold acetone (at <0° C.), ?ltered 
off and dried for from 4 to 5 hours at 100° C. in vacuo. 

[0185] 400 ml of xylene Which has been temperature 
controlled to the next higher of the temperatures 70° C., 75° 
C., 80° C., 85° C., 90° C., 94° C., 98° C., 102° C., 107° C., 
112° C., 117° C., 122° C. and 125° C. are then added to the 
polymer crystals in the elution vessel (2), folloWed again by 
mixing for 15 minutes at this next higher temperature. This 
dissolves those fractions of the semicrystalline propylene 
polymer composition Which are soluble Within the tempera 
ture range betWeen this elution temperature and the preced 
ing elution temperature. The resultant solution is then run 
off, While the crystals remain in the extractor. 

[0186] This process is repeated until all of the polymer 
crystals have been dissolved. This stage Was achieved at 
125° C. or beloW in the case of all the polypropylenes 
studied so far. 

[0187] The dissolved polymers from each of the fractions 
are preferably precipitated in cold acetone (at <0° C.), 
?ltered off and dried for from 4 to 5 hours at 100° C. in 
vacuo. 

[0188] Since there are alWays some losses during the 
fractionation of any polymer composition, even though the 
losses may be slight, the amounts of the fractions generally 
give a total Which is less than the initial Weight of the 
polymer. This phenomenon can be ignored as long as at least 
96% of the initial Weight of the propylene polymer compo 
sition is retrieved in the fractions. HoWever, if the loss is 
higher, the fractionation must be repeated. 

[0189] It is also not possible to determine the molar mass 
distribution reliably if the amounts of specimen used are 
extremely small. To minimiZe error, the fractions to be taken 
into consideration in carrying out the evaluation Which 
folloWs to calculate the amounts of components A, B and C 
are only those Whose proportion of the initial polymer 
specimen Weight is at least 1% by Weight. The molar mass 
distribution of these fractions is determined by gel perme 
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ation chromatography (GPC) in 1,2,4-trichlorobenZene at 
145° C., calibrating the GPC With polypropylene standards 
With molar masses of from 100 to 107 g/mol. 

[0190] The fractions can then be allocated to each of the 
components A, B and C according to the temperature at 
Which the respective fraction Was eluted, ie the temperature 
Within the temperature sequence 70° C., 75° C., 80° C., 85° 
C., 90° C., 94° C., 98° C., 102° C., 107° C., 112° C., 117° 
C., 122° C. at Which the polymer chains dissolved, and 
according to the average molar mass Mn (number average) 
of the respective fraction. 

[0191] The principal component A is formed by all of the 
fractions to be taken into consideration and Which are eluted 
at above (TM/2)+7.5° C. and have an average molar mass Mn 
(number average) 2 120,000 g/mol. 

[0192] The ancillary component B is formed by the frac 
tion Which is eluted at (TM/2)+7.5° C. If the proportion of 
the fraction eluted at (TM/2)+7.5° C. is less than 1% by 
Weight of the entire propylene polymer composition, the 
proportion of the ancillary component B is 0% by Weight 
according to the de?nition given above for the fractions to 
be taken into consideration. 

[0193] The ancillary component C is formed by all of the 
fractions to be taken into consideration Which are eluted at 
above (TM/2)+7.5° C. and have an average molar mass Mn 
(number average)<120,000 g/mol. 
[0194] Because of the losses during TREF and because 
fractions Whose proportion of the propylene polymer com 
position is less than 1% by Weight are not given any further 
consideration, the amounts of components A, B and C 
obtained experimentally give a total Which is less than the 
initial Weight of polymer taken for fractionation and used as 
a basis. Since the proportions of components A, B and C are 
usually given in % by Weight, the total of the proportions of 
components A, B and C therefore differs from 100% by 
Weight. This difference may be termed Z and quanti?ed by 
the formula 

Z=100% by Weight- (A+B+C) 

[0195] Where A, B and C are the ratio of the amounts 
found of components A, B and C to the initial Weight of the 
propylene polymer composition in % by Weight and Z is also 
given in % by Weight. 

[0196] Surprisingly, particularly good processing to give 
BOPP ?lms and a particularly high degree of processing 
latitude are given speci?cally by those semicrystalline pro 
pylene polymer compositions in Which at least 20% by 
Weight of the composition has been prepared by metal 
locene-catalyZed polymeriZation and Which have the pro 
portions according to the invention of components A, B and 
C. To explain the good properties of the novel propylene 
polymer compositions it may be assumed that in particular 
a high content of principal component A brings about high 
stiffness in the ?lms. The content of ancillary component B 
affects the processing speed and the content of ancillary 
component C is responsible for a high degree of temperature 
latitude. 

[0197] A signi?cant factor for the properties of the novel 
propylene polymer composition is its proportion of compo 
nents A, B and C. The chemical nature of the metallocene 
catalysts used according to the invention to prepare the 
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propylene polymer composition implies that the composi 
tion is usually a mixture of polymers prepared under differ 
ent polymerization conditions. The process by Which this 
mixture has been prepared is not critical per se. 

[0198] For example, it is possible to polymeriZe tWo or 
more starting polymers separately, then to mix these by 
using suitable mixing equipment, such as screW extruders or 
Diskpack plasticators, kneaders or roll mills. 

[0199] HoWever, it is preferable for the propylene polymer 
compositions not to be polymeriZed separately. One method 
is therefore to use a mixture of tWo or more different 
metallocenes Which give different polypropylenes under the 
polymeriZation conditions used. One metallocene generally 
then forms component A and another forms components B 
and C, or one metallocene forms component A, another 
forms component B and a further metallocene forms com 
ponent C. A second method is to use only one catalyst, but 
to carry out polymeriZation in different reactors, for example 
in a reactor cascade, With conditions suf?ciently different to 
give the ?nal composition desired. 

[0200] The constituents of the novel propylene polymer 
composition, or of the entire propylene polymer composi 
tion, may be prepared in a knoWn manner in bulk, in 
suspension or in the gas phase in the reactors usually used 
for polymeriZing propylene, batchWise or preferably con 
tinuously, in one or more stages. The polymeriZation is 
generally carried out at from 20 to 150° C. and at a pressure 
of from 1 to 100 bar, With average residence times of from 
0.5 to 5 hours, preferably at from 60 to 90° C. and at a 
pressure of from 20 to 35 bar, With average residence times 
of from 0.5 to 3 hours. 

[0201] The novel semicrystalline propylene polymer com 
position preferably has a molar mass (Weight average MW) 
of from 20,000 to 900,000 g/mol. Its melt ?oW rate at 230° 
C. under a load of 2.16 kg to ISO 1133 is from 0.1 to 100 
g/10 min, preferably from 0.5 to 50 g/10 min and in 
particular from 1 to 12 g/10 min. 

[0202] It is usual for customary amounts of conventional 
additives, such as stabiliZers, lubricants, mold-release 
agents, ?llers, nucleating agents, antistats, plasticiZers, dyes, 
pigments or ?ame retardants to be added to the novel 
semicrystalline propylene polymer composition prior to its 
use. These are usually incorporated into the polymer during 
pelletiZation of the polymeriZation product produced in 
pulverulent form. 

[0203] The usual stabiliZers are antioxidants, such as steri 
cally hindered phenols, process stabiliZers, such as phosphi 
tes or phosphonites, acid scavengers, such as calcium stear 
ate, Zinc stearate or dihydrotalcite, sterically hindered 
amines, or else UV stabiliZers. The novel propylene polymer 
composition generally comprises amounts of up to 2% by 
Weight of one or more of the stabiliZers. 

[0204] Examples of suitable lubricants and mold-release 
agents are fatty acids, the calcium or Zinc salts of the fatty 
acids, fatty amides and loW-molecular-Weight polyole?n 
Waxes, and these are usually used in concentrations of up to 
2% by Weight. 

[0205] Examples of ?llers Which may be used for the 
propylene polymer composition are talc, chalk and glass 
?bers, and the amounts Which may be used here are up to 
50% by Weight. 
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[0206] Examples of suitable nucleating agents are inor 
ganic additives, such as talc, silica or kaolin, salts of mono 
or polycarboxylic acids, such as sodium benZoate or alumi 
num tert-butylbenZoate, dibenZylidenesorbitol or its C1-C8 
alkyl-substituted derivatives, such as methyl- or dimeth 
yldibenZylidenesorbitol, and salts of diesters of phosphoric 
acid, such as sodium 2,2‘-methylenebis(4,6-di-tert-butylphe 
nyl) phosphate. The content of nucleating agents in the 
propylene polymer composition is generally up to 5% by 
Weight. 

[0207] Additives of this type are generally commercially 
available and are described, for example, in Gachter/Miiller, 
Plastics Additives Handbook, 4th Edition, Hansa Publishers, 
Munich, 1993. 

[0208] The novel semicrystalline propylene polymer com 
position features a very loW proportion of soluble fractions, 
good barrier action, high stiffness, toughness and transpar 
ency, and also good processibility to give biaxially stretched 
polypropylene ?lms. These good performance characteris 
tics make the novel semicrystalline propylene polymer com 
position especially suitable for producing ?lms, ?bers or 
moldings. 

[0209] The invention also provides biaxially stretched 
?lms produced from the novel semicrystalline propylene 
polymer composition and having a longitudinal stretching 
ratio of at least 1:3 and a transverse stretching ratio of at least 
1:5. 

[0210] Biaxially stretched ?lms may be produced by melt 
extrusion of the propylene polymer composition, Whereupon 
the discharged melt is ?rst cooled to betWeen 100 and 20° C. 
for solidi?cation, and the solidi?ed ?lm is then stretched 
longitudinally at from 80 to 150° C. With a stretching ratio 
of at least 1:3 and transversely at from 120 to 170° C. With 
a stretching ratio of at least 1:5 . 

[0211] To this end, the semicrystalline propylene polymer 
compositions are melted at from 220 to 300° C., preferably 
from 240 to 280° C., for example, in an extruder, Where 
other additives or polymers may be added in the extruder, 
and the melt is extruded through a slot die or an annular die. 

[0212] The resultant ?lm is then solidi?ed by cooling. By 
extrusion through a slot die (?at-?lm die) the cooling 
generally takes place via one or more take-off rolls Whose 
surface temperature is from 10 to 100° C., preferably from 
15 to 70° C., for example. If an annular die is used, the ?lm 
bubble is usually cooled by air or Water at from 0 to 40° C. 

[0213] The resultant ?lm is then stretched longitudinally 
and transversely to the direction of extrusion, orienting the 
molecular chains. The sequence of stretching is not critical. 
In ?at-?lm-die extrusion the ?rst stretching is generally 
longitudinal, carried out With the aid of tWo or more pairs of 
rolls running at different speeds corresponding to the desired 
stretching ratio. This is folloWed by transverse stretching 
using appropriate equipment comprising clips. It is also 
possible for the longitudinal and transverse stretching to take 
place simultaneously using suitable equipment comprising 
clips. If an annular die is used, stretching in both directions 
usually takes place simultaneously by injection of gas into 
the ?lm bubble. 

[0214] Prior to the stretching of the ?lm, it may be heated 
to betWeen 40 60 and 110° C., for example. The longitudinal 
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stretching preferably takes place at from 80 to 150° C., in 
particular from 100 to 130° C., and the transverse stretching 
at from 120 to 190° C., in particular from 135 to 180° C. The 
longitudinal stretching ratio is generally at least 1:3, pref 
erably from 1:4 to 1:7 and in particular from 1:45 to 1:5. 
The transverse stretching ratio is generally at least 1:5, 
preferably from 1:6 to 1:12 and in particular from 1:7 to 
1:10. 

[0215] The biaxial stretching may be followed by a heat 
treatment for thermosetting, in Which the ?lm is held at from 
100 to 160° C. for from about 0.1 to 10 S. The ?lm is then 
Wound up in the usual manner by Wind-up equipment. 

[0216] During or after production of the BOPP ?lm, one or 
both surfaces may be corona- or ?ame-treated by one of the 
knoWn methods, or, if required, metaliZed, for example With 
aluminum. 

[0217] It is also possible for the novel semicrystalline 
propylene polymer composition to form just one layer, or 
just some of the layers, of a multilayer biaxially stretched 
?lm. 

[0218] The biaxially stretched ?lms produced from the 
novel semicrystalline propylene polymer compositions have 
in particular excellent stiffness, excellent barrier action and 
excellent transparency. 

EXAMPLES 

[0219] The folloWing tests Were carried out to characteriZe 
the specimens: 

Determination of Average Particle Diameter 

[0220] To determine the average particle diameter of the 
silica gel, the particle siZe distribution of the silica gel 
particles Was determined by Coulter Counter Analysis to 
ASTM D 4438 and the volume-based average (median) 
calculated from the results. 

Determination of Pore Volume 

[0221] By mercury porosimetry to DIN 66133. 

Determination of Speci?c Surface Area 

[0222] By nitrogen adsorption to DIN 66131. 

Determination of Ethylene Content 

[0223] The ethylene content Was determined by 13C NMR 
spectroscopy on polymer pellets. 

Determination of Melt FloW Rate (MFR) 

[0224] To ISO 1133 at 230° C. under a load of 2.16 kg. 

Determination of TM 

[0225] The melting point TM Was determined by DSC to 
ISO 3146 using a ?rst heating procedure With a heating rate 
of 20° C. per minute to 200° C., dynamic crystalliZation at 
a cooling rate of 20° C. per minute to 25° C. and a second 
heating procedure With a heating rate of 20° C. per minute, 
again to 200° C. The melting point TM is then the tempera 
ture of the maximum in the plot of enthalpy against tem 
perature measured during the second heating procedure. 
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TREF Fractionation 

[0226] The solvent used comprised industrial xylene With 
less than 0.1% by Weight of nonvolatile fractions, With 5 
grams per liter of 2,6-di-tert-butyl-4-methylphenol added as 
stabiliZer. For each fractionation, 5 g of the propylene 
polymer composition Were dissolved in 400 ml of boiling 
xylene, and the solution Was then cooled linearly at a cooling 
rate of 10° C./h to 25° C., Whereupon most of the polymer 
precipitated. 
[0227] The crystalline suspension Was transferred into the 
500 ml temperature-controllable extraction apparatus shoWn 
in FIG. 1 and heated to the ?rst elution temperature: 
(TM/2)+7.5° C. Before measurements Were made the entire 
apparatus Was ?ushed With nitrogen. The gas space above 
the extraction liquids remained under nitrogen during the 
extraction. The polypropylene crystals Were extracted for 15 
minutes at this temperature With vigorous mixing. The 
polymer solution Was then run off, While the polypropylene 
crystals remained in the extractor. The dissolved polymer 
Was precipitated in cold acetone (<0° C.), ?ltered off and 
dried for from 4 to 5 hours at 100° C. in vacuo. 

[0228] The extractor Was then heated to the next elution 
temperature in the temperature sequence 70° C., 75° C., 80° 
C., 85° C., 90° C., 94° C., 98° C., 102° C., 107° C., 112° C., 
117° C., 122° C. and 400 ml of xylene at the same tem 
perature Were added. Extraction Was repeated for 15 minutes 
With vigorous mixing, the polymer solution Was run off, and 
the dissolved polymer Was precipitated in cold acetone, 
?ltered off and dried. These steps Were repeated until all of 
the propylene homopolymer had dissolved. 

[0229] The content calculated for each TREF fraction 
gives the content Which has dissolved during the extraction 
at the temperature given. The % by Weight data here are 
based on the initial sample Weight of 5 g. As a result of 
losses during Weighing and ?ltration, therefore, the total of 
the fractions is in each case not quite 100% by Weight. 

Gel Permeation Chromatography (GPC) 
[0230] The gel permeation chromatography (GPC) at 145° 
C. Was carried out at 145 ° C. in 1,2,4-trichlorobenZene using 
a Waters 150° C. GPC apparatus. The data Were evaluated 
using Win-GPC softWare from HS-EntWicklungsgesell 
schaft fiir Wissenschaftliche Hardund SoftWare mbH, Ober 
Hilbersheim, Germany. The columns Were calibrated using 
polypropylene standards With molar masses of from 100 to 
107 g/mol. 
[0231] The Weight-average (MW) and number-average 
(Mn) molar masses of the polymers Were determined. The 
value Q is the ratio of the Weight average (MW) to the 
number average (Mn). 

Determination of the Proportions of Components A, 
B and C 

[0232] A TREF analysis Was carried out With the propy 
lene polymer composition to be studied. In the evaluation 
Which folloWed, the fractions taken into consideration Were 
all of those Whose proportion by Weight Was more than 1%. 
The molar mass distribution of all of the fractions to be taken 
into consideration Was determined using GPC. 

[0233] The proportion by Weight of the ancillary compo 
nent B is the proportion by Weight of the fraction Which Was 
obtained at the ?rst elution temperature, i.e. at (TM/2)+7.5° 
C. 
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[0234] The proportion by Weight of the principal compo 
nent A is the proportion by Weight of all of the fractions 
obtained at higher elution temperatures and having an aver 
age molar mass Mn (number average); 120,000 g/mol. 

[0235] The ancillary component C is formed by all of the 
fractions obtained at temperatures higher than (TM/2)+7.5° 
C. and having an average molar mass Mn (number aver 
age)<120,000 g/mol. 
[0236] The difference Z, Where 

Z =100% by Weight-(A+B+C) 

[0237] quanti?es those fractions of the propylene polymer 
composition initially Weighed Which Were not taken into 
consideration in calculating the amounts of components A, 
B and C because of losses occurring during TREF or 
because the amounts of particular fractions Were beloW the 
limit. 

Determination of Processing Latitude 

[0238] During production of the BOPP ?lms the stretching 
temperature Was varied to determine the temperature range 
Within Which BOPP ?lms can be obtained. This temperature 
range has a higher-temperature limit resulting from tearing 
of the ?lm due to melting, and has a loWer-temperature limit 
resulting from tearing of the ?lm due to inhomogeneity 
caused by incomplete melting, or from solidi?cation of the 
?lm to the extent that it slips out of the orienting equipment. 

[0239] The procedure began at a processing temperature 
Which ensured stable running. The stretching temperature 
Was then raised in steps of 2° C. until the ?lm tore. The next 
temperature Was set here as soon as 1000 m of ?lm could be 

produced at one temperature Without tearing. Then, again 
starting at the initial temperature, the stretching temperature 
Was loWered in steps of 2° C. until the ?lm again tore or 
slipped out of the orienting equipment. 

Determination of Modulus of Elasticity (Tensile 
Modulus of Elasticity) 

[0240] Longitudinal and transverse strips of Width 15 mm 
Were cut out from biaxially stretched ?lms and used to 
determine the tensile modulus of elasticity to ISO 527-2 at 
23° C. 

Determination of HaZe 

[0241] To ASTM 13-1003. 

Determination of Water Vapor Barrier Properties 

[0242] H2O permeability measured to DIN 53122. 

Determination of Oxygen Barrier Properties 

[0243] O2 permeability measured to ASTM D3985-81. 

Example 1 

[0244] a) Preparation of the Solid Catalyst 

[0245] 4000 g of ?ne-particle spherical silica gel (SiO2) 
With an average particle diameter of 50 pm, a pore volume 
of 1.56 cm3/g, and a speci?c surface area of 310 m2/g, 
previously dried at 130° C. and 10 mbar for 8 hours, Was 
suspended in 20 liters of heptane and mixed With 8 liters of 
a 2 M solution of triisobutylaluminum in heptane. The 
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addition took place suf?ciently sloWly for the temperature of 
the suspension to remain alWays beloW 40° C. The mixture 
Was then stirred for 2 hours and the suspension alloWed to 
settle, and the supernatant liquor Was removed. The solid 
Was taken into suspension using 20 liters of toluene and 
brie?y agitated. The suspension Was then again alloWed to 
settle and the supernatant liquor removed. This procedure 
Was repeated tWo further times. The deactivated support Was 
?nally suspended in 20 liters of toluene, mixed With 256.6 
g (80 pmol/g of SiO2) of N,N-dimethylanilinium tetrak 
is(penta?uorophenyl)borate and heated to 85° C. The sus 
pension Was stirred for 30 minutes at this temperature. 50.3 
g (20 pmol/g of SiO2) of rac-dimethylsilanediylbis-(2-me 
thyl-4-phenylindenyl)Zirconium dichloride Were then added. 
The mixture Was then stirred for a further 90 minutes at 85° 
C. During this, the color of the suspension altered ?rst from 
White to turquoise and then to blackish violet. The catalyst 
Was then dried at 85° C. in vacuo. 

[0246] This gave about 5000 g of a free-?oWing poWder 
Which comprised 0.15% of Zr, 3.2% of Al and 36% by 
Weight of Si. 

[0247] b) PolymeriZation 
[0248] The polymeriZation Was carried out in a cascade of 
tWo vertically agitated gas-phase reactors each With a usable 
volume of 200 1, connected in series. Both reactors com 
prised a moving solid bed of ?ne-particle polymer. 

[0249] Gaseous propylene Was introduced into the ?rst 
gas-phase reactor and continuously polymeriZed at 28 bar 
and 80° C. The catalyst used comprised the solid obtained in 
Example 1 a), and the amount of catalyst fed in Was judged 
so that the average output from the cascade Was maintained 
at 25 kg of polypropylene per hour. 30 ml of a 2 M solution 
of triisobutylaluminum in heptane and 40 g per hour of a 1% 
strength by Weight solution of Atmer® 163 (ICI) in heptane 
Were also fed into the reactor. 

[0250] The propylene homopolymer obtained in the ?rst 
gas-phase reactor Was transferred, together With catalyst 
constituents Which Were still active, into the second gas 
phase reactor, in Which a mixture of propylene and ethylene 
Was continuously polymeriZed at 15 bar and 65° C. The 
partial pressure ratio of propylene to ethylene Was 12:1. A 
steady concentration of the monomers used Was obtained in 
the gas phase by using a gas chromatograph at intervals of 
5 minutes to determine the composition of the gas and 
regulating the concentration by supplementing With the 
required amounts of monomer. The ratio of the Weight of the 
monomers reacted in the ?rst polymeriZation stage to that of 
the monomers reacted in the second stage Was 4:1. 

[0251] The catalyst productivity Was 5000 g of polypro 
pylene per gram of solid catalyst used. 

[0252] During pelletiZation, a stabliZer conventionally 
used for propylene polymers and based on tetrakis[methyl 
ene (3,5-di-tert-butylhydroxyhydrocinnamate)]methane and 
tris(2,4-di-tert-butylphenyl) phosphite Was incorporated. 
The resultant propylene polymer composition had a melting 
point of 154° C., and a melt ?oW rate of 2.7 g/10 min, and 
contained 1.9% by Weight of ethylene. GPC gave MW as 
350,000 g/mol, MD as 95,000 g/mol and Q (=MW/Mn) as 3.7. 
TREF Was used to break doWn the composition into the 
fractions given in Table 1. The yield from the fractionation, 
i.e. the total of the proportions of the fractions by Weight, 
Was 98.7% by Weight. 
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TABLE 1 TABLE 2 

Average molar Average molar 
mass of fraction mass of fraction 

Elution Proportion by (number average Elution Proportion by (number average 
temperature Weight MN [sic]) temperature Weight MN [sic]) 

Fraction [° C.] [% by Weight] [g/mol] Fraction [° C.] [% by Weight] [g/mol] 

1 84.5 13.1 36,500 1 85 0.6 — 

2 85 1.3 74,800 2 90 5.8 137,400 
3 90 11.7 105,100 3 94 3.4 131,300 
4 94 34.3 146,300 4 98 5.5 140,100 
5 98 9.9 147,900 5 102 75.0 284,400 
6 102 28.4 211,000 6 107 9.1 196,800 

[0253] Since (TM/2)+75° C. for the propylene polymer 
composition studied Was 845° C., the ?rst fraction Was 
eluted at this temperature. Fractions 2 and 3 at 85 and 90° 
C. correspond to component C, and fractions 4-6 at 94, 98 
and 102° C. correspond to component A. The makeup of the 
composition Was therefore 

[0254] principal component A: 72.6% by Weight 

[0255] ancillary component B: 13.1% by Weight, and 

[0256] ancillary component C: 13.0% by Weight. 

[0257] The difference Z Was therefore 1.3% by Weight. 

[0258] c) Production of a BOPP Film 

[0259] The semicrystalline propylene polymer composi 
tion obtained Was used to produce a biaxially stretched ?lm 
of thickness about 20 pm. The ?lm Was produced on a 
Bruckner Maschinenbau pilot plant With a 30 cm ?at-?lm 
die. The throughput Was 150 kg/h. The extruded ?lm Was 
cooled to 20° C. and the solidi?ed ?lm stretched longitudi 
nally at 116° C. With a setting ratio of 4.5 :1, and transversely 
at 157° C. With a stretching ratio of 8: 1. The properties of the 
biaxially stretched ?lm produced can be found in Table 7 
beloW. 

Comparative Example A 

[0260] a) Preparation of the Solid Catalyst 

[0261] The solid catalyst prepared in Example 1 a) Was 
used. 

[0262] b) Polymerization 

[0263] Using the solid catalyst prepared in Example 1 a), 
a propylene homopolymer Was prepared in the ?rst reactor 
of the reactor cascade also used in Example 1 b), under 
identical reaction conditions. The product obtained in the 
?rst gas-phase reactor Was discharged directly. 

[0264] The resultant polymer Was stabilized as in Example 
1 b) and had a melt temperature of 155° C. and a melt ?oW 
rate of 1.7g/10 min. GPC gave MW as 500,000 g/mol, MD as 
250,000 g/mol and Q (=MW/Mn) as 2.0. It Was broken doWn 
by TREF into the fractions given in Table 2. The yield from 
the fractionation, i.e. the total of the portions of the fractions 
by Weight, Was 99.4% by Weight. 

[0265] Since (TM/2)+75° C. for the propylene polymer 
composition studied Was 85° C., the ?rst fraction Was eluted 
at 85° C. Since the proportion of this fraction by Weight Was 
less than 1% by Weight, the content of component B 
according to the de?nition Was 0% by Weight. Fractions 2-6 
at 90, 94, 102 and 107° C. should all be allocated to 
component A and therefore the ?gure for component C is 
again 0% by Weight. This therefore gives 

[0266] principal component A: 98.8% by Weight 

[0267] 

[0268] 
[0269] The difference Z is therefore 1.2% by Weight. 

[0270] c) Production of a BOPP Film 

[0271] The semicrystalline propylene polymer composi 
tion obtained Was used to produce a biaxially stretched ?lm 
of thickness about 20 pm. The ?lm Was produced on a 
Bruckner Maschinenbau pilot plant With a 30 cm ?at-?lm 
die. The throughput Was 150 kg/h. The extruded ?lm Was 
cooled to 20° C. and the solidi?ed ?lm stretched longitudi 
nally at 116° C. With a setting ratio of 45:1, and transversely 
at 157° C. With a stretching ratio of 8: 1. The properties of the 
biaxially stretched ?lm produced can be found in Table 7 
beloW. 

ancillary component B: 0% by Weight, and 

ancillary component C: 0% by Weight. 

Example 2 

[0272] 
[0273] The procedure described in Example 1 a) Was 
repeated under identical conditions. However, a suspension 
of 32.5 g (14 pmol/g of SiO2) of rac-dimethylsilanediyl 
bis(2-methyl-4-phenylindenyl)zirconium dichloride and 
11.3 g (6 pmol/g of SiO2) of rac-dimethylsilanediylbis(2 
methylindenyl)zirconium dichloride in 1 liter of toluene Was 
used instead of the rac-dimethylsilanediylbis(2-methyl-4 
phenylindenyl)zirconium dichloride used in Example 1 a). 
The molar ratio of the metallocenes Was therefore 70:30. 

a) Preparation of the Solid Catalyst 

[0274] This gave about 5000 g of a free-?owing poWder 
Which comprised 0.14% by Weight of Zr, 3.3% by Weight of 
Al and 36% by Weight of Si. 

[0275] b) Polymerization 
[0276] Amonomer mixture of propylene and ethylene Was 
polymerized in a continuously operated, vertically agitated 
gas-phase reactor With a useful volume of 200 1 Which 
comprised a stirred solid bed made from ?ne-particle poly 
mer, using the solid catalyst described in Example 2 a), at 
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80° C. under a pressure of 28 bar. A steady concentration of 
the monomers used Was obtained in the gas phase by using 
a gas chromatograph at intervals of 5 minutes to determine 
the composition of the gas and regulating the concentration 
by supplementing With the required amounts of monomer. 
The amount of solid catalyst fed Was judged so that the 
average output from the cascade Was maintained at 20 kg of 
polypropylene per hour. 30 ml of a 2 M solution of triisobu 
tylaluminum in heptane and 40 g per hour of a 1% strength 
by Weight solution of Atmer® 163 (ICI) in heptane Were also 
fed into the reactor. 

[0277] The catalyst productivity Was 5000 g of polypro 
pylene per gram of solid catalyst used. 

[0278] The resultant polymer Was stabiliZed as in Example 
1 b) and had a melting point of 153.8° C., and a melt ?oW 
rate of 1.7 g/10 min, and comprises 1.9% by Weight of 
ethylene. GPC gave MW as 560,000 g/mol, MD as 160,000 
g/mol and Q (=MW/Mn) as 3.5. It Was broken doWn by TREF 
into the fractions given in Table 3. The yield from the 
fractionation, ie the total of the proportions of the fractions 
by Weight, Was 98.9% by Weight. 

TABLE 3 

Average molar 
mass of fraction 

Elution Proportion by (number average 
temperature Weight MN [sic]) 

Fraction [° C.] [% by Weight] [g/mol] 

1 84.4 20.4 41,000 
2 85 1.6 41,500 
3 90 45.9 155,700 
4 94 10.4 149,800 
5 98 9.4 149,200 
6 102 11.2 187,900 

[0279] Since (TM/2)+7.5° C. for the propylene polymer 
composition studied Was 84.4° C., the ?rst fraction Was 
eluted at this temperature. Fraction 2 at 85° C. corresponds 
to component C and fractions 3-6 at 90, 94, 98 and 102° C. 
correspond to component A. This gives the folloWing 
makeup for the composition 

[0280] principal component A: 76.9% by Weight 
[0281] 
[0282] ancillary component C: 1.6% by Weight. 

[0283] The difference Z is therefore 1.1% by Weight. 

[0284] c) Production of a BOPP Film 

[0285] The semicrystalline propylene polymer composi 
tion obtained Was used to produce a biaxially stretched ?lm 
of thickness about 20 pm. The ?lm Was produced on a 
Briickner Maschinenbau pilot plant With a 30 cm ?at-?lm 
die. The throughput Was 150 kg/h. The extruded ?lm Was 
cooled to 20° C. and the solidi?ed ?lm stretched longitudi 
nally at 116° C. With a setting ratio of 4.5 :1, and transversely 
at 157° C. With a stretching ratio of 8: 1. The properties of the 
biaxially stretched ?lm produced can be found in Table 7 
beloW. 

ancillary component B: 20.4% by Weight, and 

Comparative Example B 

[0286] 
[0287] The procedure described in Example 2 a) Was 
repeated under the same conditions. HoWever, a suspension 

a) Preparation of the solid catalyst 
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of 25.1 g (10 pmol/g of SiO2) of rac-dimethylsilanediyl 
bis(2-methyl-4-phenylindenyl)Zirconium dichloride and 
18.8 g (10 pmol/g of SiO2) of rac-dimethylsilanediylbis(2 
methylindenyl)Zirconium dichloride in 1 liter of toluene Was 
used, ie the molar ratio of the metallocenes Was 50:50. 

[0288] This gave about 5000 g of a free-?oWing poWder 
Which comprised 0.15% by Weight of Zr, 3.3% of Al and 
36% by Weight of Si. 

[0289] b) Polymerization 
[0290] The polymeriZation took place in the reactor cas 
cade used in Example 1 b) under the same conditions. 
HoWever, the solid catalyst prepared in Example B a) Was 
used. 

[0291] The resultant polymer Was stabiliZed as in Example 
1 b) and had a melting point of 146° C., and a melt ?oW rate 
of 5.7 g/10 min, and comprised 3.1% by Weight of ethylene. 
GPC gave MW as 250,000 g/mol, MD as 111,000 g/mol, and 
Q (=MW/Mn) as 2.3. It Was broken doWn by TREF into the 
fractions given in Table 4. The yield from the fractionation, 
ie the total of the proportions of the fractions by Weight, 
Was 99.9% by Weight. 

TABLE 4 

Average molar 
mass of fraction 

Elution Proportion by (number average 
temperature Weight MN [sic]) 

Fraction [° C.] [% by Weight] [g/mol] 

1 80 5 48.0 43,500 
2 85 12.0 62,000 
3 90 4.0 88,500 
4 94 6.8 101,600 
5 98 12.7 189,000 
6 102 15.5 180,500 

[0292] Since (TM/2)+7.5° C. for the propylene composi 
tion studied Was 80.5 ° C., the ?rst fraction Was eluted at this 
temperature. 

[0293] Fractions 2-4 at 85, 90 and 94° C., correspond to 
component C, and fractions 5 and 6, at 98 and 102° C., 
correspond to component A. The makeup of the composition 
Was therefore as folloWs 

[0294] principal component A: 28.2% by Weight 

[0295] 

[0296] 
[0297] The difference Z Was therefore 1.0% by Weight. 

[0298] 

ancillary component B: 48.0% by Weight, and 

ancillary component C: 22.8% by Weight. 

c) Production of a BOPP Film 

[0299] The semicrystalline propylene polymer composi 
tion obtained Was used to produce a biaxially stretched ?lm 
of thickness about 20 pm. The ?lm Was produced on a 
Briickner Maschinenbau pilot plant With a 30 cm ?at-?lm 
die. The throughput Was 150 kg/h. The extruded ?lm Was 
cooled to 20° C. and the solidi?ed ?lm stretched longitudi 
nally at 116° C. With a setting ratio of 4.5:1, and transversely 
at 150° C. With a stretching ratio of 8: 1. The properties of the 
biaxially stretched ?lm produced can be found in Table 7 
beloW. 
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Comparative Example C 

[0300] 
[0301] The solid catalyst prepared in Comparative 
Example B a) Was used. 

[0302] b) Polymerization 
[0303] The polymerization took place in the reactor used 
in Example 2 b) under the same conditions. HoWever, the 
solid catalyst prepared in Example B a) Was used. 

a) Preparation of the Solid Catalyst 

[0304] The resultant polymer Was stabilized exactly as in 
Example 1 b) and has a melting point of 151.3° C., and a 
melt ?oW rate of 1.3 g/10 min. GPC gave MW as 480,000, MD 
as 110,000 g/mol and Q (=MW/Mn) as 4.4. It Was broken 
doWn by TREF into the fractions given in Table 5. The yield 
from the fractionation, ie the total of the proportions of the 
fractions by Weight, Was 98.9% by Weight. 

TABLE 5 

Average molar 
mass of fraction 

Elution Proportion by (number average 
temperature Weight MN [sic]) 

Fraction [° C.] [% by Weight] [g/mol] 

1 83.15 10 4 70,000 
2 85 7.3 74,000 
3 90 17.3 108,000 
4 94 5 .7 92,500 
5 98 5.1 189,400 
6 102 5.7 198,500 
7 107 45.4 200,400 
8 112 2.0 238,900 

[0305] Since (TM/2)+7.5° C. for the propylene polymer 
composition studied Was 83.15° C., the ?rst fraction Was 
eluted at this temperature. Fractions 2-4, at 85.90 and 94° C., 
correspond to component C, and fractions 5-8, at 98, 102, 
107 and 112° C., correspond to component A. The makeup 
of the composition Was therefore as folloWs 

[0306] principal component A: 58.2% by Weight 

[0307] 

[0308] 
[0309] The difference Z Was therefore 1.1% by Weight. 

ancillary component B: 10.4% by Weight, and 

ancillary component C: 30.3% by Weight. 

Comparative Example D 

[0310] 
[0311] 1000 g of silica gel (SG 332, pore diameter 50 pm, 
Grace; scalded in vacuo (1 mbar) at 180° C. for 8 h) Was 
suspended in 5 l of toluene under N2. 7.75 l (6.38 kg) of 1.53 
molar methylaluminoxane solution (in toluene, Witco) Were 
added over a period of 120 minutes at 18° C. This Was 
folloWed by stirring for 7 h at RT (room temperature) and 
?ltration, and the ?lter cake Was Washed tWice, each time 
With 2.5 l of toluene. This Was folloWed by drying in vacuo. 
1 kg of the resultant MAO-loaded silica Was placed into an 
evacuated vessel. A solution of 5.8 g (10 mmol) of rac 
dimethylsilanediylbis(2-methyl-4,5-benzindenyl)zirconium 
dichloride in 1.32 l of 1.53 molar MAO solution (in toluene, 
Witco) Was added, With stirring. Pressure equalization With 
N2 Was folloWed by 30 minutes of mixing at RT (room 
temperature). Most of the solvent Was then distilled off in 

a) Preparation of the Solid Catalyst 
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vacuo, initially at 20° C. (until no more solvent passed over). 
The temperature Was then increased in 5° C. steps to 55° C. 
and the catalyst dried until it Was an orange, free-?oWing 
pulverulent residue. 

[0312] b) Polymerization 
[0313] 30 mmol of triisobutylaluminum (TlBA; 15 ml of 
a 2 M solution in heptane), 500 mg of a 1% strength by 
Weight solution of Atmer® 163 (ICI) in heptane and 3500 g 
of liquid propylene formed an initial charge in a dry, 
NZ-?ushed 10 l autoclave. The autoclave Was heated to 65° 
C., With stirring. At this temperature ethylene Was fed in in 
a manner Which gave a rise of pressure of 1 bar above the 
propylene pressure. The reactor Was then cooled to room 
temperature, and at this temperature 521 mg of supported 
catalyst Was added via a valve With N2, and the autoclave 
heated to 65° C. After 60 minutes of reaction time the 
polymerization Was terminated by discharging the remain 
ing propylene, and the product discharged via a valve in the 
base. This gave 2300 g of polymer granules Which had a 
melting point of 128° C., a melt ?oW rate of 350 g/10 min 
and an ethylene content of 2.4% by Weight. GPC gave MW 
as 90,000 g/mol, MD as 45,000 g/mol and Q (=MW/Mn) as 
2.0. It Was broken doWn by TREF into the fractions given in 
Table 6. The yield from the fractionation, ie the total of the 
proportions of the fractions by Weight, Was 98.7% by 
Weight. 

TABLE 6 

Average molar 
mass of fraction 

Elution Proportion by (number average 
temperature Weight MN [sic]) 

Fraction [° C.] [% by Weight] [g/mol] 

1 71.5 18.7 28,200 
2 75 10.1 39,400 
3 80 7.8 53,800 
4 85 3.2 80,500 
5 90 18.9 78,500 
6 94 22.1 91,000 
7 98 15.7 121,000 
8 102 2.2 128,900 

[0314] Since (TM/2)+7.5° C. for the propylene polymer 
composition studied Was 71.5° C., the ?rst fraction Was 
eluted at this temperature. Fractions 2-6, at 75, 80, 85, 90 
and 94° C., correspond to component C, and fractions 7 and 
8, at 98 and 102° C., correspond to component A. The 
makeup of the composition Was therefore as folloWs 

[0315] principal component A: 17.9% by Weight 

[0316] 

[0317] 
[0318] The difference Z Was therefore 1.3% by Weight. 

ancillary component B: 18.7% by Weight, and 

ancillary component C: 62.1% by Weight. 

Example 3 

[0319] An extruder Was used to prepare a mixture of tWo 
propylene polymers. The components used for the mixture 
Were a propylene homopolymer obtained by metallocene 
catalysis With a melt ?oW rate MFR of 1 g/10 min, and a 
melting point Trn of 150° C., and a ratio MW/Mn of 1.8, and 
a propylene-ethylene copolymer of random structure 
obtained by metallocene catalysis, With an ethylene content 
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of 5.0% by Weight, and a melt flow rate MFR of 60 g/10 min, 
a melting point Tm of 139° C., and a ratio MW/Mn of 1.9. The 
ratio of the components of the mixture Was 80% by Weight 
of the propylene homopolymer and 20% by Weight of the 
propylene-ethylene copolymer. AWerner & P?eiderer ZSK 
57 extruder Was used at 230° C. With a throughput of 150 
kg/h. 
[0320] TREF fractionation of the resultant propylene 
polymer composition gave the makeup as 

[0321] principal component A: 72.3% by Weight 

[0322] 

[0323] 
[0324] The difference Z Was therefore 1.5% by Weight. 

ancillary component B: 13.2% by Weight, and 

ancillary component C: 13.0% by Weight. 

TABLE 7 

Comp. 
Ex. A 

Comp. 
Ex. B 

Comp. 
Example 1 Example 2 Ex. C 

Processing 29 27 5 10 5 
latitude 

[° C-] 
Longitudinal 
modulus 
of elasticity 
[MPa] 
Transverse 
modulus of 
elasticity 
[MPa] 
Haze [%] 
O2 
permeability 
[cm3 100 
Mm/ 
(m2 d bar)] 
H2O 
permeability 
[g 100 

2100 2000 2200 1700 1600 

4300 4200 4500 4000 3800 

1.3 
430 

1.1 
440 

2.0 
450 

1.4 
420 

2.0 
430 

0.27 0.25 0.28 0.26 0.31 

[0325] As the examples and comparative examples shoW, 
the novel propylene polymer compositions have a high 
degree of temperature latitude in processing. In addition, the 
biaxially stretched ?lms produced from the same have very 
good transparency. And this is in particular combined With 
good stiffness and good barrier action With respect to oxygen 
and Water vapor. 

We claim: 
1. A semicrystalline propylene polymer composition 

obtainable by polymeriZing propylene, ethylene and/or 
C4-C18-1-alkenes using metallocene catalysts, Where at least 
50 mol % of the resultant monomer units stem from the 
polymeriZation of propylene, 

With a melting point TM of from 65 to 170° C., 

Where the melting point TM is measured in ° C. by 
differential scanning calorimetry (DSC) to ISO 3146 by 
heating a previously melted specimen at a heating rate 
of 20° C./min, and is the maximum of the resultant 
curve, 

Where the semicrystalline propylene polymer composition 
can be broken doWn into 
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from 65 to 85% by Weight of a principal component A, 

from 10 to 35% by Weight of an ancillary component B 
and 

from 0 to 25% by Weight of an ancillary component C, 

Where the proportions of components A, B and C are 
determined by carrying out TREF (temperature rising 
elution fractionation) in Which the polymers are ?rstly 
dissolved in boiling xylene and the solution is then 
cooled at a cooling rate of 10° C./h to 25° C., and then, 
as the temperature rises, that fraction of the propylene 
polymer composition Which is soluble in xylene at 
(TM/2)+7.5° C. is ?rstly dissolved and separated off 
from the remaining solid, and then, as the temperature 
rises, at all of the higher temperatures 70° C., 75° C., 
80° C., 85° C., 90° C., 94° C., 98° C., 102° C., 107° C., 
112° C., 117° C., 122° C. and 125° C., the fractions 
soluble Within the temperature range betWeen this 
elution temperature and the preceding elution tempera 
ture are eluted, and the fractions taken into consider 
ation during the evaluation Which folloWs are those 
Whose proportion by Weight is at least 1% by Weight of 
the initial Weight of the propylene polymer composi 
tion, and gel permeation chromatography (GPC) at 
145° C. in 1,2,4-trichlorobenZene is used to measure 
the molar mass distribution of all of the fractions to be 
taken into consideration, 

and the principal component A is formed by all of the 
fractions Which are to be taken into consideration and 
are eluted at above (TM/2)+7.5° C. and have an average 
molar mass MN (number average)§120,000 g/mol, 

the ancillary component B is formed by the fraction Which 
is eluted at (TM/2)+7.5° C., and 

the ancillary component C is formed by all of the fractions 
Which are to be taken into consideration and are eluted 

at above (TM/2)+7.5° C. and have an average molar 
mass MN (number average)<120,000 g/mol. 

2. A semicrystalline propylene polymer composition as 
claimed in claim 1, Where at least 85 mol % of the monomer 
units present stem from polymeriZation of propylene. 

3. A semicrystalline propylene polymer composition as 
claimed in claim 1 or 2, Which Was prepared by homopo 
lymeriZation of propylene or by copolymeriZation of pro 
pylene and ethylene. 

4. A semicrystalline propylene polymer composition as 
claimed in any of claims 1 to 3, Where the metallocene used 
comprised at least one compound selected from the group 
consisting of 

dimethylsilanediylbis(2-methylindenyl)Zirconium dichlo 
ride, 

dimethylsilanediylbis(2-methylbenZ[e]indenyl)]Zirco 
nium dichloride, 

dimethylsilanediylbis(2-methyl-4-phenylindenyl)Zirco 
nium dichloride, 

dimethylsilanediylbis(2-methyl-4[4‘-tert-butylphenyl]-in 
denyl)Zirconium dichloride, 

dimethylsilanediylbis(2-ethyl-4[4‘-tert-butylphenyl]-in 
denyl)Zirconium dichloride, 

dimethylsilanediylbis(2-propyl-4[4‘-tert-butylphenyl]-in 
denyl)Zirconium dichloride and 
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dimethylsilanediyl(2-isopropyl-4[4‘-tert-butylphenyl]-in 
denyl)(2-methyl-4[4‘-tert-butylphenyl]indenyl)-Zirco 
nium dichloride. 

5. A semicrystalline propylene polymer composition as 
claimed in any of claims 1 to 4, Where the melting point TM 
is from 135 to 165° C. 

6. A process for preparing the semicrystalline propylene 
polymer composition as claimed in any of claims 1 to 5, 
Which comprises using a catalyst system comprising at least 
tWo metallocene compounds and polymeriZing in a single 
reactor. 

7. A process for preparing the semicrystalline propylene 
polymer composition as claimed in any of claims 1 to 5, 
Which comprises using a catalyst system With only one 
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metallocene compound and polymeriZing in a reactor cas 
cade composed of at least tWo reactors. 

8. The use of the semicrystalline propylene polymer 
composition as claimed in any of claims 1 to 5 for producing 
?lms, ?bers or moldings. 

9. A ?lm, a ?ber or a molding comprising a semicrystal 
line propylene polymer composition as claimed in any of 
claims 1 to 5. 

10. A biaXially stretched ?lm made from the semicrystal 
line propylene polymer composition as claimed in any of 
claims 1 to 5 and having a longitudinal stretching ratio of at 
least 1:3 and a transverse stretching ratio of at least 1:5. 

* * * * * 


