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(57) ABSTRACT 

Random copolymers of propylene With other 1-a1kenes 
having up to 10 carbon atoms, 

Whose content of comonomers is in the range from 0.7 to 
1.4% by Weight if the only comonomer present in the 
propylene copolymers is ethylene, or 

Whose content of comonomers is in the range from 0.7 to 
3.0% by Weight if at least one C4-C1O-1-a1kene is 
present as comonomer, and 

Whose cold-Xylene-soluble fraction is from 1.0 to 2.5% by 
Weight if ethylene is present as a comonomer in the 
propylene copolymers, or 

Whose cold-Xylene-soluble fraction is from 0.75 to 2.0% 
by Weight if the only comonomers present are C4-C1‘) 
1-a1kenes, 

and a process for preparing the random copolymers of 
propylene is described, as is their use for producing 
?lms, ?bers or moldings, and also the ?lms, ?bers and 
moldings themselves and biaxially stretched ?lms 
made from random propylene copolymers of this type 
and processes for their production. 
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RANDOM PROPYLENE COPOLYMERS 

[0001] The present invention relates to random copoly 
mers of propylene With other 1-alkenes having up to 10 
carbon atoms, 

[0002] Whose content of comonomers is in the range 
from 0.7 to 1.4% by Weight if the only comonomer 
present in the propylene copolymers is ethylene, or 

[0003] Whose content of comonomers is in the range 
from 0.7 to 3.0% by Weight if at least one C4-C1O-1 
alkene is present as comonomer, and 

[0004] Whose cold-xylene-soluble fraction is from 1.0 
to 2.5% by Weight if ethylene is present as a comono 
mer in the propylene copolymers, or 

[0005] Whose cold-xylene-soluble fraction is from 0.75 
to 2.0% by Weight if the only comonomers present are 
C4-C1O-1-alkenes. 

[0006] The present invention also relates to a process for 
preparing the random copolymers of propylene, to their use 
for producing ?lms, ?bers or moldings, to the ?lms, ?bers 
and moldings themselves, and also to biaxially stretched 
?lms made from such random copolymers of propylene and 
to processes for their production. 

[0007] Propylene homopolymers and copolymers of pro 
pylene and other l-alkenes are Widely applied in the pro 
duction of ?lms, ?bers and moldings from thermoplastic 
molding compositions. For brevity, both the propylene 
homopolymers and the propylene copolymers are frequently 
referred to in such cases as polypropylene. The polymers 
used for producing ?lms, in particular biaxially stretched 
?lms, are in particular homopolymers or random copoly 
mers of propylene. The biaxially stretched ?lms produced 
from these materials are often also termed BOPP (biaxially 
oriented polypropylene) ?lms. 

[0008] HoWever, When producing biaxially polypropylene 
oriented ?lms it is not only desirable that the resultant ?lms 
have good mechanical and service properties, such as stiff 
ness, toughness, transparency or gloss; good processability 
is also a prime requirement. Good processability results 
?rstly in a trouble-free production process. This is desirable 
since every interruption of continuous production (eg a ?lm 
break-off) requires a time-consuming restart of production. 
Secondly, better ?lm quality is obtained, for example more 
uniform thickness distribution. Good processability also 
means that the production process is not excessively sensi 
tive to temperature variations, i.e. that a large amount of 
processing latitude is available. 

[0009] Since the processability of conventional propylene 
homopolymers is not adequate to alloW their use in the 
production of biaxially stretched ?lms, use is frequently 
made of propylene homopolymers having increased soluble 
fractions. HoWever, ?lms produced from these materials 
have disadvantages in stiffness, and their processability is 
still not satisfactory. 

[0010] Conventional random propylene copolymers, as 
described, for example, in EP-A 778 295, are unsuitable for 
producing BOPP ?lms, since their stiffness Would be far too 
loW. In addition, their high soluble fractions makes it impos 
sible to use the ?lms in the food packaging sector. 

Nov. 21, 2002 

[0011] EP-A 339 804 describes reactor blends made from 
a propylene homopolymer and a random propylene copoly 
mer and particularly suitable for producing oriented ?lms. 
HoWever, such reactor blends can be obtained only via a 
reactor cascade and are therefore unattractive on cost 
grounds. 

[0012] To improve extensibility, US. Pat. No. 4,355,144 
proposes the use of a random propylene-ethylene copolymer 
With from 0.1 to 1.0% by Weight of ethylene, polymeriZed 
With a titanium trichloride-containing catalyst. HoWever, 
even With very small amounts of ethylene the isotacticity of 
the copolymer is drastically reduced, and the stretched 
products obtained have loW stiffness and high extractable 
fractions. 

[0013] EP-A 115 940 discloses propylene-ethylene 
copolymers suitable for producing biaxially stretched ?lms 
and having from 0.1 to 2.0 mol % of ethylene and high 
isotacticity. The isotacticity is determined as triad tacticity in 
the 13C NMR spectrum. Although these copolymers have 
good extensibility, stiffness, transparency, impact strength 
and resistance to heat shrinkage, their mechanical, optical 
and Theological properties are frequently inadequate for the 
requirements of BOPP ?lm manufacturers. In particular, it is 
frequently the case that they do not have ideal processability 
at the same time as very good mechanical properties. 

[0014] It is an object of the present invention to develop 
polypropylenes Which have further improved processability 
and from Which it is possible to produce biaxially stretched 
?lms having high stiffness, toughness and transparency. 

[0015] We have found that this object is achieved by 
means of the random copolymers, de?ned at the outset, of 
propylene With other l-alkenes having up to 10 carbon 
atoms. We have also found a process for preparing the 
random copolymers of propylene, their use for producing 
?lms, ?bers or moldings, the ?lms, ?bers and moldings 
themselves, and also biaxially stretched ?lms made from 
such random copolymers of propylene, and processes for 
their production. 

[0016] Other 1-alkenes having up to 10 carbon atoms here 
are linear or branched 1-alkenes Which have from tWo to ten 
carbon atoms, With the exception of propylene. Preference is 
given to linear l-alkenes. Those Which may be mentioned in 
particular are ethylene, 1-butene, 1-pentene, l-hexene, 
1-heptene and 1-octene and mixtures of these comonomers, 
preference being given to ethylene or 1-butene. The particu 
larly preferred copolymers may be propylene-ethylene or 
propylene-l-butene copolymers or propylene-ethylene-l 
butene terpolymers. 

[0017] Such random propylene copolymers generally have 
an ethylene content of from 0.7 to 1.4% by Weight, prefer 
ably from 0.75 to 1.2% by Weight, if the propylene copoly 
mers are propylene-ethylene copolymers Without other 
comonomers. If the propylene copolymers comprise C4-C1‘) 
l-alkenes as comonomers, i.e. if they are copolymers of 
propylene and at least one C 4-C1O-1-alkene or copolymers of 
propylene, ethylene and at least one C4-C1O-1-alkene, the 
content of comonomer is usually in the range from 0.7 to 
3.0% by Weight and preferably from 0.75 to 1.9% by Weight. 
The contents of C4-C1O-1-alkenes expressed in % by Weight 
in such random propylene copolymers are mostly someWhat 
higher than those of ethylene, since the molecular ratio of 
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the monomers determines the in?uence of comonomer 
incorporation on the properties of the polymer. 

[0018] Such random propylene copolymers also usually 
have a cold-Xylene-soluble fraction of from 1.0 to 2.5% by 
Weight, in particular from 1.5 to 2.0% by Weight, if ethylene 
is present in the propylene copolymers, i.e. if they are 
propylene-ethylene copolymers or copolymers of propylene, 
ethylene and at least one C4-C1O-1-alkene. If the propylene 
copolymers are copolymers of propylene and at least one 
C4-C1O-1-alkene, but Without ethylene, the cold-Xylene 
soluble fraction is generally in the range from 0.75 to 2.0% 
by Weight and preferably from 0.8 to 1.4% by Weight. 

[0019] The Xylene-soluble fractions of such random 
copolymers are normally someWhat higher When ethylene is 
used as comonomer, since ethylene is incorporated predomi 
nantly in the loW-molecular-Weight region. 

[0020] The cold-Xylene-soluble fractions are the fractions 
determined according to a method based on ISO Standard 
1873-111991. The method consists in placing 5 g of polypro 
pylene into 500 ml of distilled Xylene previously heated to 
100° C. The miXture is then heated to the boiling point of the 
Xylene and held at this temperature for 60 min. A cooling 
bath is then used to achieve cooling to 5° C. Within a period 
of 20 min, and this is folloWed by reheating to 20° C. This 
temperature is held for 30 min. The precipitated polymer is 
?ltered off. Exactly 100 ml of the ?ltrate are taken and the 
solvent removed on a rotary evaporator. The residue is dried 
for about 2 h at 80° C./250 mbar to constant Weight, and 
Weighed after cooling. 

[0021] The Xylene-soluble fraction is given by 

_ g X 500 X 100 

L _ W 

[0022] Where 

[0023] XL=Xylene-soluble fraction in %, 

[0024] g=measured Weight in g, 

[0025] G=starting Weight in g, 

[0026] V=volume in ml of ?ltrate used. 

[0027] Surprisingly, it is precisely When the Xylene 
soluble fraction is Within the range given above that the 
processability to give biaXially stretched ?lms is particularly 
good. 

[0028] It has noW been found that the random copolymers 
of propylene With other 1-alkenes having up to 10 carbon 
atoms are particularly suitable for the production of biaXially 
stretched ?lms, i.e. have particularly good processability, if 
the viscosity of their melt changes little in the vicinity of the 
melting point. In this connection, the melting point is the 
loWest temperature at Which the polymer is completely 
molten, and the melt is the polymer in completely or 
partially molten condition. It is particularly advantageous 
for the How properties of the melt to have loW temperature 
dependency, since the temperature of the polymer melt 
changes several times in the course of ?lm production and 
very high temperature gradients can arise here. 
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[0029] One Way of recording the viscosity change With 
temperature is to determine the values Q5 and Q3, Where Q5 
is given by 

[0030] and Q3 is given by 

[0031] and M(Tm) is the elongational viscosity of the 
random copolymer of propylene at the loWest temperature at 
Which the copolymer is fully molten, “Tm-5K) is the 
elongational viscosity at a temperature Which is loWer by 5K 
and “Tm-3K) is the elongational viscosity at a temperature 
Which is loWer by 3K, and at all of the temperatures T the 
elongational viscosities p(T) are determined 2 seconds after 
stretching begins at a constant strain rate (Hencky strain 
rate) 6 of 0.2 s_1. 

[0032] The elongational viscosities are generally mea 
sured using an elongation rheometer. Such devices are 
available commercially, for eXample from Rheometric Sci 
enti?c. They use tWo pairs of clamps to stretch a rectangular 
specimen at a constant Hencky strain rate (e=1_1 dl/dt), the 
specimen being supported by a stream of hot nitrogen. To 
prevent the occurrence of orientations in the specimen, the 
polymer to be studied is ?rstly extruded through a die, then 
compressed to give a ?at strip of 2 mm thickness and sloWly 
cooled to room temperature. The strip is cut to give a 
rectangular specimen of dimensions 2><8><56 mm3, and the 
specimen is then placed into the preheated elongation rhe 
ometer, held after insertion for ten minutes at this tempera 
ture, and then stretched. Since a constant Hencky strain rate 
6 is used, the elongation e is directly proportional to time. A 
Hencky strain rate 6 of 0.2 s- has proven very suitable. 

[0033] If the measurement is carried out at a temperature 
at Which the specimen is fully molten, the viscosity increases 
in the course of measurement (i.e. as elongation increases) 
and then levels out at a plateau. An eXample of behavior of 
this type can be seen in the 166° C. curve of FIG. 1 beloW. 
The curve of elongational viscosity corresponds to three 
times the shear viscosity (Trouton viscosity). At tempera 
tures at Which the specimen is only partially molten, strain 
hardening induced by crystalliZation can be observed (151° 
C. curve in FIG. 1). The gradient of the curve increases as 
elongation E increases, and the elongational viscosity begins 
to rise faster than the Trouton viscosity. 

[0034] Since the viscosities also depend on the elongation 
of the specimen (i.e. on the stretching test time), the elon 
gational viscosities p(T) have to be compared for different 
temperatures at the same elongation e (i.e. at the same 
elongation test time t). Atime Which has proven suitable for 
the Hencky strain rate e=0.2 s-1 is t=2 s (i.e. e=0.4). The 
elongational viscosities p(T) are therefore preferably deter 
mined 2 seconds after stretching begins at a constant Hencky 
strain rate 6 of 0.2 s_1. 

[0035] The melting point Trn at Which the copolymer has 
just become completely molten can be discerned from a 
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graph of the logarithmically plotted elongational viscosity 
MT) 2 seconds after stretching begins at a constant Hencky 
strain rate 6 of 0.2 s'1 against the temperature T. The melting 
point Trn here is the temperature at Which the elongational 
viscosity is less than 7.5% higher than at T+1K and is loWer 
by at least 7.5% than at T—1K. An example of this is shoWn 
in FIG. 2 beloW. The melting point Trn shoWn here is the 
temperature at Which a straight line of negative gradient 
7.5% just touches the curve of the elongational viscosities 
MT) plotted against the temperature T. 

[0036] The novel propylene copolymers have loW tem 
perature-dependency in their ?oW properties and can thus be 
processed particularly Well into biaxially stretched ?lms. 
This can be seen from the fact that in a graph Where, 
similarly to FIG. 2 beloW, MT) is plotted against tempera 
ture T there is only a sloW rise in MT) for a temperature of 
less than Tm. This gives high values of Q. (If MT) Were not 
to rise as the temperature falls, Q Would be equal to 1000.) 
The novel propylene copolymers preferably have Q5 greater 
than or equal to 200, and in particular greater than or equal 
to 300. Q3 is preferably greater than or equal to 350, and in 
particular greater than or equal to 500. 

[0037] The partly crystalline polymers are also particu 
larly Well suited for producing biaxially stretched ?lms in 
cases Where When the polymers are partly melted they shoW 
a large amount of strain hardening. The factor SH can be 
determined as a measure of strain hardening. For this, graphs 
similar to FIG. 1 beloW are used to determine ?rstly the 
maximum gradient of the elongational viscosity at tempera 
tures loWer then Tm—5K and secondly the gradient 1 second 
after stretching begins at a constant Hencky strain rate 6 of 
0.2 s-1 and a temperature of Tm—5K. The factor SH is then 
the ratio of these tWo gradients as given by the formula 

[0038] Where m is the gradient. The novel propylene 
copolymers preferably have SH factors greater than 1.5. 

[0039] It is particularly advantageous if both effects are 
very pronounced and the parameter PI (Processability 
Index), given by the formula 

[0040] is very large. PI is a measure of the processing 
latitude and at the same time a numerical measure of the 
uniformity of the ?lm pro?le to be expected. A high PI 
means a high degree of processing latitude and uniform ?lm 
thickness. 

[0041] The novel propylene copolymers preferably have 
PI values greater than 18 and in particular greater than 20. 

[0042] The novel random copolymers of propylene With 
other 1-alkenes having up to 10 carbon atoms may be 
prepared in the usual reactors used for polymeriZing 1-alk 
enes, either batchWise or preferably continuously, inter alia 
in solution, as suspension polymeriZation or as gas-phase 
polymeriZation. Examples of suitable reactors are continu 
ously operated stirred tank reactors, loop reactors and ?u 
idiZed-bed reactors. It is, of course, also possible to carry out 
the reaction in a series of a number of reactors placed one 
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after the other. The polymeriZation is preferably carried out 
in the gas phase. Suitable gas-phase reactors for this purpose 
are ?uidiZed-bed reactors and also horiZontally or vertically 
agitated poWder-bed reactors. The poWder-bed reactors used 
are particularly those in Which the reaction bed is kept 
moving by vertical agitators. The reaction bed is generally 
composed of the polymer produced in the respective reactor. 

[0043] The polymeriZation of the novel random propylene 
copolymers is preferably carried out from the gas phase at 
from 50 to 100° C., preferably from 60 to 90° C., and at 
pressures of from 15 to 40 bar, preferably from 20 to 35 bar, 
in the presence of a Ziegler-Natta catalyst system compris 
mg 

[0044] a) a titanium-containing solid component com 
prising at least one halogen-containing magnesium 
compound and an electron donor, 

[0045] b) an aluminum compound and 

[0046] c) another electron-donor compound. 

[0047] The average residence time is generally from 0.5 to 
5 hours, preferably from 0.5 to 3 hours. The ratio of partial 
pressures of propylene and of the comonomers is preferably 
adjusted to from 400: 1 to 15: 1. If the random copolymers are 
propylene-ethylene copolymers, the ratio of partial pressures 
of propylene and ethylene are particularly preferably from 
200:1 to 30:1 and in particular from 150:1 to 50:1. If the 
random propylene copolymers comprise, as comonomers, at 
least one C4-C1O-1-alkene, the ratio of partial pressures of 
propylene and of the comonomers is particuliarly preferably 
from 350:1 to 30:1 and in particular from 250:1 to 40:1. 

[0048] The titanium compounds generally used to prepare 
the titanium-containing solid component a) are the halides or 
alcoholates of tri- or tetravalent titanium. Alkoxytitanium 
halide compounds or mixtures of different titanium com 
pounds may also be used. Examples of suitable titanium 
compounds are TiBr3, TiBr4, TiCl3, TiCl4, Ti(OCH3)Cl3, 

Ti(OC2H5)3Br, Ti(OCH3)4, Ti(OC2H5)4 or Ti(O-n-C4H9)4. 
Preference is given to the use of those titanium compounds 
in Which the halogen present is chlorine. Preference is also 
given to those titanium halides Which contain only titanium 
and halogen, and among these particularly titanium chlo 
rides and in particular titanium tetrachloride. 

[0049] The titanium-containing solid component a) com 
prises at least one halogen-containing magnesium com 
pound or a mixture of different halogen-containing magne 
sium compounds. Halogens here are chlorine, bromine, 
iodine and ?uorine or mixtures of tWo or more halogens. 
Chlorine and bromine are preferred, in particular chlorine. 

[0050] The halogen-containing magnesium compounds 
are either used directly during the preparation of the tita 
nium-containing solid component a) or are formed during its 
preparation. Suitable magnesium compounds for preparing 
the titanium-containing solid component a) are in particular 
the magnesium halides, such as in particular the chlorides or 
bromides, or magnesium compounds from Which the halides 
can be obtained in a usual manner, eg by reaction With 
halogenating agents, for example alkylmagnesium com 
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pounds, arylmagnesium compounds, alkoxymagnesium 
compounds or aryloxymagnesium compounds or Grignard 
compounds. Examples of suitable halogenating agents are 
halogens, hydrogen halides, SiCl4 and CCl4, and preferably 
chlorine or hydrogen chloride. 

[0051] Examples of halogen-free compounds of magne 
sium Which are suitable for preparing the titanium-contain 
ing solid component a) are diethylmagnesium, di-n-propy 
lmagnesium, di-isopropylmagnesium, di-n 
butylmagnesium, di-sec-butylmagnesium, di-tert 
butylmagnesium, diamylmagnesium, 
n-butylethylmagnesium, n-butyl-sec-butylmagnesium, 
n-butyloctylmagnesium, diphenylmagnesium, diethoxy 
magnesium, di-n-propyloxymagnesium, di-iso-propyloxy 
magnesium, di-n-butyloxymagnesium, di-sec-butyloxymag 
nesium, di-tert-butyloxymagnesium, diamyloxymagnesium, 
n-butyloxyethoxymagnesium, n-butyloxy-sec-butyloxy 
magnesium, n-butyloxyoctyloxymagnesium and diphenoxy 
magnesium. Among these, particular preference is given to 
n-butylethylmagnesium and n-butyloctylmagnesium. 

[0052] Examples of Grignard compounds are methylmag 
nesium chloride, ethylmagnesium chloride, ethylmagnesium 
bromide, ethylmagnesium iodide, n-propylmagnesium chlo 
ride, n-propylmagnesium bromide, n-butylmagnesium chlo 
ride, n-butylmagnesium bromide, sec-butylmagnesium 
chloride, sec-butylmagnesium bromide, tert-butylmagne 
sium chloride, tert-butylmagnesium bromide, hexylmagne 
sium chloride, octylmagnesium chloride, amylmagnesium 
chloride, isoamylmagnesium chloride, phenylmagnesium 
chloride and phenylmagnesium bromide. 

[0053] Other than magnesium dichloride or magnesium 
dibromide, preference is given in particular to the di-(C1 
C1O-alkyl)-magnesium compounds for preparing the tita 
nium-containing solid component a). 
[0054] The titanium-containing solid component a) also 
comprises electron-donor compounds, for example mono- or 
polyfunctional carboxylic acids, carboxylic anhydrides or 
carboxylic esters, or also ketones, ethers, alcohols, lactones 
or organophosphorus or organosilicon compounds. 

[0055] The electron-donor compounds used in the tita 
nium-containing solid component are preferably carboxylic 
acid derivatives, and in particular phthalic acid derivatives 
of the formula (II) 

<11) 
CO —X 

CO —Y 

[0056] Where each of X and Y is chlorine or bromine or 
C1-C1O-alkoxy or X and Y jointly are oxygen in an anhy 
dride function. Particularly preferred electron-donor com 
pounds are phthalic esters, Where X and Y are C1-C8-alkoxy, 
for example methoxy, ethoxy, n-propyloxy, isopropyloxy, 
n-butyloxy, sec-butyloxy, iso-butyloxy or tert-butyloxy. 
Examples of phthalic esters Whose use is preferred are 
diethyl phthalate, di-n-butyl phthalate, di-iso-butyl phtha 
late, di-n-pentyl phthalate, di-n-hexyl phthalate, di-n-heptyl 
phthalate, di-n-octyl phthalate and di-2-ethylhexyl phtha 
late. 
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[0057] Other preferred electron-donor compounds in the 
titanium-containing solid component are diesters of 3- or 
4-membered, unsubstituted or substituted cycloalkyl-1,2 
dicarboxylic acids, and also monoesters of benZophenone 
2-carboxylic acids or of substituted benZophenone-2-car 
boxylic acids. The hydroxy compounds used for these esters 
are the alkanols usually used in esteri?cation reactions, for 
example C1-C15 alkanols or C5-C7 cycloalkanols, and these 
themselves may carry one or more C1-C1O-alkyl groups, and 
also CG-C1O phenols. 

[0058] It is also possible to use mixtures of different 
electron-donor compounds. 

[0059] In preparing the titanium-containing solid compo 
nent a), use is generally made of from 0.05 to 2.0 mol of the 
electron-donor compounds, preferably from 0.2 to 1.0 mol 
of the electron-donor compounds, per mole of the magne 
sium compound. 

[0060] In a particularly preferred embodiment, the tita 
nium-containing solid component a) also comprises at least 
one inorganic oxide as support. The support generally used 
is a ?nely divided inorganic oxide Which has an average 
particle diameter of from 5 to 200 pm, preferably from 20 to 
70 pm. The average particle diameter here is the volume 
based average (median) of the particle siZe distribution 
determined by Coulter counteranalysis according to ASTM 
Standard D 4438. 

[0061] The grains of the ?nely divided inorganic oxide are 
preferably composed of primary particles Which have an 
average particle diameter of from 1 to 20 pm, in particular 
from 3 to 10 pm. The primary particles are porous, granular 
oxide particles Which are generally obtained from a hydrogel 
of the inorganic oxide by grinding. It is also possible to 
screen the primary particles before their further processing. 

[0062] The inorganic oxide Whose use is preferred is also 
one Which has cavities and/or channels With an average 
diameter of from 0.1 to 20 pm, in particular from 1 to 15 pm, 
the macroscopic volume proportion of Which is in the range 
from 5 to 30% of the entire particles, in particular in the 
range from 10 to 30% of the entire particles. 

[0063] The average particle diameter of the primary par 
ticles, and the average diameter of the cavities and/or canals, 
and also the macroscopic volume proportion of the cavities 
and canals of the inorganic oxide are usefully determined by 
image analysis With the aid of scanning electron microscopy 
and/or electron probe microanalysis, in each case on grain 
surfaces and on grain cross sections of the inorganic oxides. 
The resultant electron microscope images are evaluated, and 
the average particle diameters of the primary particles and 
the macroscopic volume proportion of the cavities and 
canals determined therefrom. The image analysis is prefer 
ably carried out by transferring the electron microscopy data 
into a binary image of gray values and digital evaluation by 
means of a suitable EDP program. 

[0064] The inorganic oxide Whose use is preferred may be 
obtained, for example, by spray drying the ground hydrogel 
Which for this purpose is mixed With Water or With an 
aliphatic alcohol. Finely divided inorganic oxides of this 
type are also available commercially. 

[0065] The ?nely divided inorganic oxide also usually has 
a pore volume of from 0.1 to 10 cm3/g, preferably from 1.0 
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to 4.0 cm3/g, and a speci?c surface area of from 10 to 1000 
m2/g, preferably from 100 to 500 m2/g. The values here are 
determined by mercury porosimetry in accordance With DIN 
66133 and by nitrogen adsorption in accordance With DIN 
66131. 

[0066] Possible inorganic oxides are in particular those of 
silicon, of aluminum, of titanium or of one of the metals of 
the 1st or 2nd main groups of the Periodic Table. Examples 
of preferred oxides are alumina, magnesia and phyllosili 
cates. Particular preference is given to the use of silica. It is 
also possible to use mixed oxides, such as aluminum sili 
cates or magnesium silicates. 

[0067] The surfaces of the inorganic oxides used as sup 
ports comprise Water. Some of this Water is physically bound 
by adsorption and some is chemically bound in the form of 
hydroxyl groups. Thermal chemical treatment can reduce, or 
completely remove, the Water content of the inorganic oxide. 
The chemical treatment generally uses customary drying 
agents, such as SiCl4, chlorosilanes or alkylaluminum com 
pounds. The Water content of suitable inorganic oxides is 
from 0 to 6% by Weight. The Water content is usually 
determined by drying the inorganic oxide to constant Weight 
at 160° C. under atmospheric pressure. The reduction in 
Weight corresponds to the original content of Water. Inor 
ganic oxides are preferably used in the form available 
commercially, Without further treatment. 

[0068] If an inorganic oxide is used, the amounts of 
inorganic oxide and magnesium compound in the titanium 
containing solid component a) are preferably such that from 
0.1 to 1.0 mol of magnesium compound, in particular from 
0.2 to 0.5 mol of magnesium compound is present per mole 
of the inorganic oxide. 

[0069] In preparing the titanium-containing solid compo 
nent a) use is generally also made of Cl-C8 alkanols, such as 
methanol, ethanol, n-propanol, isopropanol, n-butanol, sec 
butanol, tert-butanol, isobutanol, n-hexanol, n-heptanol, 
n-octanol or 2-ethylhexanol or mixtures of these. Preference 
is given to the use of ethanol. 

[0070] The titanium-containing solid component may be 
prepared by methods knoWn per se, inter alia those described 
in EP-A 45 975, EP-A 45 977, EP-A 86 473, EP-A 171 200, 
GB-A2 111 066, US. Pat. No. 4,857,613 and US. Pat. No. 
5,288,824. 
[0071] The folloWing tWo-stage process is preferably used 
for preparing the titanium-containing solid component a): 

[0072] In the ?rst step, carried out in an inert solvent, 
preferably in a liquid alkane or in an aromatic hydrocarbon, 
e.g. toluene or ethylbenZene, the inorganic oxide is mixed 
With a solution of the magnesium-containing compound, and 
this mixture is then alloWed to react, generally With stirring, 
for from 0.5 to 5 hours at from 10 to 120° C. Ahalogenating 
agent is then added in at least tWo-fold excess, preferably 
?ve-fold excess, based on the magnesium-containing com 
pound, and the mixture alloWed to react for from about 30 
to 120 minutes. The Cl-C8 alkanol, the titanium compound 
and the electron-donor compound are then added at from 
—20 to 150° C. The titanium compound and the electron 
donor compound may be added simultaneously With the 
Cl-C8 alkanol, but it is also possible for the Cl-C8 alkanol 
?rstly to be alloWed to act on the intermediate product for 
from about 10 to 120 minutes at from 0 to 100° C. From 1 
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to 5 mol of the Cl-C8 alkanol, preferably from 1.6 to 4 mol 
of the Cl-C8 alkanol, and from 1 to 15 mol of the titanium 
compound, preferably from 2 to 10 mol of the titanium 
compound, and from 0.01 to 1 mol of the electron-donor 
compound, preferably from 0.3 to 0.7 mol of the electron 
donor compound, are used per mole of magnesium. This 
mixture is alloWed to react for at least 10 minutes, in 
particular at least 30 minutes, at from 10 to 150° C., 
preferably from 60 to 130° C., generally With stirring. The 
resultant solid material is then ?ltered off and Washed With 
a C7-C1O alkylbenZene, preferably With ethylbenZene. 

[0073] In the second step, the solid obtained from the ?rst 
step is extracted at from 100 to 150° C. With an excess of 
titanium tetrachloride or With an excess of titanium tetra 

chloride solution in an inert solvent, preferably in a C7-C1O 
alkylbenZene, Where the solvent comprises at least 5% by 
Weight of titanium tetrachloride. The extraction is generally 
carried out for a period of at least 30 minutes. The product 
is then Washed With a liquid alkane until the titanium 
tetrachloride content of the Wash liquid is less than 2% by 
Weight. 

[0074] Suitable aluminum compounds b) other than tri 
alkylaluminum compounds are those compounds in Which 
an alkyl group has been replaced by an alkoxy group or by 
halogen, for example by chlorine or bromine. The alkyl 
groups may be identical or differ from one another. Linear 
or branched alkyl groups are possible. Preference is given to 
trialkylaluminum compounds each of Whose alkyl groups 
has from 1 to 8 carbon atoms, for example trimethylalumi 
num, triethylaluminum, triisobutylaluminum, trioctylalumi 
num or methyldiethylaluminum or mixtures of these. 

[0075] Besides the aluminum compound b), electron-do 
nor compounds c), such as mono- or polyfunctional car 
boxylic acids, carboxylic anhydrides or carboxylic esters, or 
also ketones, ethers, alcohols or lactones, and also organo 
phosphorus or organosilicon compounds, are used as a 
further cocatalyst. The electron-donor compounds c) may be 
identical With or differ from the electron-donor compounds 
used to prepare the titanium-containing solid component a). 
Preferred electron-donor compounds here are organosilicon 
compounds of the formula (I) 

[0076] Where R1 are identical or different and are Cl-C2O 
alkyl, 5- to 7-membered cycloalkyl, Which itself may be 
substituted by Cl-Clo-alkyl, or are C6-C18-aryl or C6-C18 
aryl-Cl-Clo-alkyl, R2 are identical or different and are 
Cl-Czo-alkyl, and n is the integer 1, 2 or 3. Particular 
preference is given to those compounds in Which R1 is 
Cl-Cs-alkyl or 5- to 7-membered cycloalkyl and R2 is 
C1-C4-alkyl and n is 1 or 2. 

[0077] Among these compounds, particular emphasis may 
be given to diisopropyldimethoxysilane, isobutylisopropy 
ldimethoxysilane, diisobutyldimethoxysilane, dicyclopen 
tyldimethoxysilane, dicyclohexyldimethoxysilane, cyclo 
hexylmethyldimethoxysilane, isopropyl-tert 
butyldimethoxysilane, isobutyl-sec-butyldimethoxysilane 
and isopropyl-sec-butyldimethoxysilane. Very particular 
preference is given to dicyclopentyldimethoxysilane. 

[0078] The compounds b) and c) acting as cocatalysts may 
be alloWed to act on the titanium-containing solid compo 
nent a) either individually, one after the other in any desired 
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sequence, or together simultaneously. This is usually done at 
from 0 to 150° C., in particular at from 20 to 90° C., and at 
pressures of from 1 to 100 bar, in particular from 1 to 40 bar. 

[0079] The cocatalyst b) is preferably used in an amount 
such that the atomic ratio of aluminum from the aluminum 
compound b) to titanium from the titanium-containing solid 
component a) is from 10:1 to 800:1, in particular from 20:1 
to 200:1. 

[0080] In the preferred method, the molar ratio betWeen 
the aluminum compound b) and the other electron-donor 
compound c) is in the range from 20:1 to 2:1, in particular 
from 15:1 to 5:1. 

[0081] The molar mass of the random copolymers of 
propylene may be adjusted over a Wide range and controlled 
by adding regulators Widely used in polymeriZation tech 
nology, for example hydrogen. Concomitant use may also be 
made of inert solvents, such as toluene or hexane, inert 
gases, such as nitrogen or argon, and relatively small 
amounts of polypropylene poWder. The novel random pro 
pylene copolymers preferably have molar masses (Weight 
average) of from 80 000 to 600 000 g/mol. Their melt ?oW 
rates (MFRs) at 230° C. and under a 2.16 kg load, in 
accordance With ISO 1133, are in the range from 0.1 to 100 
g/10 min, in particular from 0.5 to 50 g/10 min. 

[0082] The novel random propylene copolymers usually 
comprise additives, such as stabiliZers, lubricants, mold 
release agents, ?llers, nucleating agents, antistats, plasticiZ 
ers, dyes, pigments or ?ame retardants, Which are added in 
the usual amounts before use. These are generally incorpo 
rated into the polymer during the granulation of the poly 
meriZation product, produced in the form of a poWder. 

[0083] Usual stabiliZers are antioxidants, such as sterically 
hindered phenols, processing stabiliZers, such as phosphites 
or phosphonites, acid scavengers, such as calcium stearate or 
Zinc stearate or dihydrotalcite, sterically hindered amines, or 
else UV stabiliZers. The novel polymers generally comprise 
one or more of the stabiliZers in amounts of up to 2% by 
Weight. 

[0084] Examples of suitable lubricants and mold-release 
agents are fatty acids, the calcium or Zinc salts of the fatty 
acids, or fatty acid amides, or loW-molecular-Weight poly 
ole?n Waxes, usually used in concentrations of up to 2% by 
Weight. 

[0085] Examples of possible ?llers for the random propy 
lene copolymers are talc, chalk or glass ?bers, and the 
amounts Which may be used here are up to 50% by Weight. 

[0086] 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, or salts of diesters of phosphoric 
acid, such as sodium 2,2‘-methylenebis(4,6-di-tert-butylphe 
nyl) phosphate. The nucleating agent content of the random 
propylene copolymers is generally up to 5% by Weight. 

[0087] Additives of this type are generally commercially 
available and are described, for example, in Gachter/Muller, 
Plastics Additives Handbook, 4th edition, Hansa Publishers, 
Munich, 1993. 
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[0088] Compared With the random propylene copolymers 
knoWn hitherto, particular features of the novel random 
copolymers of propylene With other 1-alkenes having up to 
10 carbon atoms are good stiffness, toughness and transpar 
ency, and also better processability to give biaxially 
stretched polypropylene ?lms. Due to these good technical 
properties, the novel random propylene copolymers are 
particularly suitable for producing ?lms, ?bers and mold 
mgs. 

[0089] The invention also relates to biaxially stretched 
?lms produced from the novel random copolymers of pro 
pylene With other 1-alkenes having up to 10 carbon atoms 
and having a stretching ratio of at least 4:1 in the longitu 
dinal direction and of at least 5:1 in the transverse direction. 

[0090] The biaxially stretched ?lms may be produced by 
melt extrusion of the propylene copolymer through a die, the 
resultant ?lm then being cooled to from 100 to 20° C. so that 
it solidi?es, and the solidi?ed ?lm being stretched in the 
longitudinal direction at from 80 to 150° C. With a stretching 
ratio of at least 4:1 and in the transverse direction at from 
120 to 170° C. With a stretching ratio of at least 5:1. 

[0091] To this end, the propylene copolymer is melted at, 
for example, from 220 to 300° C., preferably from 240 to 
280° C., in an extruder. Other additives or polymers may be 
added in the extruder. The melt is extruded through a 
?at-?lm die or an annular die. 

[0092] The ?lm is then cooled so that it solidi?es. In the 
case of extrusion through a ?at-?lm die, the cooling is 
usually carried out using one or more take-off rolls Whose 
surface temperature is, for example, from 10 to 100° C., 
preferably from 20 to 70° C. If an annular die is used, air or 
Water at from 0 to 40° C. is usually used to cool the ?lm 
bubble. 

[0093] The resultant ?lm is then stretched longitudinally 
and transversely to the direction of extrusion, giving an 
orientation of the molecule chains. The ?rst stretching may 
be in the longitudinal or the transverse direction, or stretch 
ing may be carried out simultaneously. In the case of 
?at-?lm-die extrusion, the longitudinal stretching is gener 
ally carried out ?rst With the aid of more than one pair of 
rollers running at different speeds corresponding to the 
stretching ratio desired. The transverse stretching is then 
carried out With the aid of an appropriate tenter frame. When 
an annular die is used the stretching is generally carried out 
simultaneously in both directions by bloWing a gas into the 
?lm bubble. 

[0094] Before the stretching procedure, it is possible to 
preheat the ?lm to, for example, from 60 to 110° C. The 
longitudinal stretching preferably takes place at from 80 to 
150° C., in particular from 110 to 140° C., and the transverse 
stretching at from 120 to 170° C., in particular from 155 to 
165° C. The longitudinal stretching ratio is generally at least 
4:1, preferably from 4.5:1 to 9.0:1 and in particular from 
5 .5 :1 to 8.5 :1. The transverse stretching ratio is generally at 
least 5 :1, preferably from 5 :1 to 12:1 and in particular from 
5.5:1 to 10:1. 

[0095] The biaxial stretching may be folloWed by a heat 
treatment for heat-setting, during Which the ?lm is held for 
from about 0.1 to 10 s at from 100 to 160° C. The ?lm is then 
Wound up in a usual manner by Wind-up equipment. 
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[0096] During or after the production of the BOPP ?lm, 
one or both surfaces may be corona- or ?ame-treated by one 

of the known methods, or a metal such as aluminum may be 
applied by vapor deposition. 

[0097] It is also possible for the novel random propylene 
copolymers to form only one, or only some, of the layers of 
a biaXially stretched ?lm built up from more than one layer. 

[0098] The biaXially stretched ?lms produced by the novel 
process from the novel random copolymers of propylene 
With other 1-alkenes having up to 10 carbon atoms have in 
particular eXcellent stiffness, eXcellent transparency and 
eXcellent barrier properties. 

EXAMPLES 

[0099] Random copolymers of propylene With ethylene or 
1-butene Were prepared and either studied for their suitabil 
ity for producing biaXially stretched ?lms or used to produce 
biaXially stretched ?lms. 

[0100] In each case, the polymeriZation of the random 
propylene copolymers took place in a continuously oper 
ated, vertically agitated gas-phase reactor With an available 
volume of 800 l at a temperature of 80° C. and a pressure of 
28 bar. The reactor comprised an agitated ?Xed bed of ?nely 
divided polymer. In each case, a steady-state concentration 
of the monomers used Was established in the gas space. To 
this end, the gas composition Was determined at ?ve-minute 
intervals by the use of a gas chromatograph, and regulated 
by supplementing With the amounts of monomer required. 
The reactor output Was adjusted to 150 kg/h, i.e. to a 
space-time yield of 187.5 kg/m3h, via the amount of tita 
nium-containing solid component a) metered in. The corre 
sponding average residence time of the polymer is 1.5 h. 

[0101] The catalyst component b) added continuously 
during each polymeriZation Was 210 mmol of triethylalu 
minum per gram of titanium-containing solid component a). 
The other electron-donor compound c), likeWise fed in 
continuously, Was 0.1 mol of dicyclopentyldimethoXysilane 
per mole of triethylaluminum. 

[0102] The folloWing tests Were carried out to determine 
the properties of the specimens: 

[0103] Determination of average particle diameter: 

[0104] To determine the average particle diameter of 
the silica, the particle siZe distribution of the silica 
particles Was determined by Coulter counteranalysis 
in accordance With ASTM Standard D 4438, and this 
Was used to calculate the volume-based average 

(median). 
[0105] Determination of pore volume: 

[0106] Via mercury porosimetry in accordance With DIN 
66133 

[0107] Determination of speci?c surface area: 

[0108] Via nitrogen adsorption in accordance With 
DIN 66131 

[0109] Determination of Water content: 

[0110] To determine the Water content, 5 g of silica 
Were dried at 160° C. under atmospheric pressure for 
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15 min (constant Weight). The Weight reduction 
corresponded to the original Water content. 

[0111] Determination of average particle siZe of pri 
mary particles, average diameter of cavities and chan 
nels and macroscopic volume fraction of cavities and 
channels: 

[0112] The average particle siZe of primary particles, 
average diameter of cavities and channels and mac 
roscopic volume fraction of cavities and channels of 
the silicas used Were determined With the aid of 
scanning electron microscopy and/or electron probe 
microanalysis, in each case on particle surfaces and 
on particle cross sections of the silica. The electron 
micrographs obtained Were converted to a gray value 
binary image and analyZed digitally by means of the 
Analysis softWare package from SIS. 

[0113] Determination of productivity: 

[0114] The productivity is the amount of polymer in 
grams Which Was obtained per gram of titanium 
containing solid component a) used. 

[0115] Determination of ethylene content and 1-butene 
content: 

[0116] The ethylene content and 1-butene content 
Were determined by 13C NMR spectroscopy on poly 
mer granules. 

[0117] Determination of chlorine content: 

[0118] The chlorine content of the polymers Was 
determined by microcoulometric determination in 
accordance With DIN 51408 Part 2. 

[0119] Determination of Xylene-soluble fraction: 

[0120] in accordance With ISO Standard 1873-1:1991 

[0121] To determine the Xylene-soluble fraction, 5 g 
of propylene polymer Were placed into 500 ml of 
distilled Xylene (isomeric mixture) Which had pre 
viously been heated to 100° C. The miXture Was then 
heated to the boiling point of the Xylene and held at 
this temperature for 60 min. FolloWing this, a cool 
ing bath Was used for cooling to 5° C. Within a period 
of min, and this Was folloWed by reheating to 20° C. 
This temperature Was held for 30 min. The precipi 
tated polymer Was ?ltered off. Exactly 100 ml of the 
?ltrate Were taken and the solvent removed on a 
rotary evaporator. The residue Was dried at 80° 
C./250 mbar for 2 h, and Weighed after cooling. 

[0122] The Xylene-soluble fraction Was then calculated 
from the formula 

[0123] Where 

[0124] XL=Xylene-soluble fraction in %, 

[0125] g=measured Weight in g, 

[0126] G=Weight of starting material in g and 
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[0127] V=volume in ml of the amount of ?ltrate used. 

[0128] Determination of mm triads: 

[0129] By 13C NMR spectroscopy on polymer gran 
ules 

[0130] Determination of melt ?oW rate (MFR): 

[0131] in accordance With ISO Standard 1133, at 
230° C. and under a load of 2.16 kg. 

[0132] Determination of Tmz: 

[0133] The melting point Tm2 Was determined by 
DSC measurement in accordance With ISO Standard 
3146 using a ?rst heating procedure With a heating 
rate of 20° C. per minute up to 200° C., a dynamic 
crystalliZation With a cooling rate of 200° C. per 
minute doWn to 25° C. and a second heating proce 
dure With a heating rate of 20° C. per minute, again 
to 200° C. 

[0134] Determination of G modulus: 

[0135] In accordance With ISO 6721-2, at 23° C. 

[0136] Determination of Tm: 

[0137] The elongational viscosity of the propylene 
polymer to be tested Was determined at various 
temperatures using an elongation rheometer from 
Rheometric Scienti?c. To this end, the polymer Was 
?rstly extruded through a die, then compressed to 
give a ?at strip of 2 mm thickness and sloWly cooled 
to room temperature. A rectangular specimen of 
dimensions 2><8><56 mm3 Was cut out from the strip. 
This Was placed into the elongation rheometer, 
Which had been heated to the test temperature, and 
the specimen Was held for ten minutes at this tem 
perature and then stretched at a constant Hencky 
strain rate 6 of 0.2 s_1. The loWest temperature Trn at 
Which the propylene polymer is completely molten 
Was determined from the shape of the curve in a 
graph of elongational viscosity p(T) 2 seconds after 
stretching has begun at a constant Hencky strain rate 
6 of 0.2 s_1, plotted logarithmically against the test 
temperature T. This rheological melting point Trn is 
the temperature at Which the elongational viscosity is 
less than 7.5% greater than at T+1K and is at least 
7.5% less than at T-lK. 

[0138] Determination of Q5: 

[0139] Values Were determined for M(Tm) and M(Tm_ 
5K) and inserted into the formula 

Q5 =1000Xm. 

[0140] M(Tm) is the elongational viscosity of the melt 
tWo seconds after stretching has begun With a con 
stant Hencky strain rate 6 of 0.2 s-1 at Tm. yam-5K) 
is the elongational viscosity of the melt tWo seconds 
after stretching has begun With a constant Hencky 
strain rate 

[0141] e of 0.2 s'1 at Tm—5K. 
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[0142] Determination of Q3: 

[0143] Values Were determined for M(Tm) and M(Tm— 
3K) and inserted into the formula 

[0144] yam-3K) is the elongational viscosity of the 
melt tWo seconds after stretching has begun With a 
constant Hencky strain rate 

[0145] e of 0.2 s-1 at Tm—3K. 

[0146] Determination of SH: 

[0147] Graphs of elongational viscosity plotted 
against time on double logarithmic scale Were used 
to determine the maXimum gradient of the elonga 
tional viscosity at temperatures of less than Tm_5K 
and the gradient 1 second after stretching had begun 
at a constant Hencky strain rate 6 of 0.2 s-1 and a 

temperature of Tm_5K. The factor SH Was deter 
mined from these values by the formula 

[0148] Determination of PI: 

[0149] PI Was calculated from Q3, Q5 and SH by the 
formula 

PI=ln(SH+1)-(ln Q3+ln Q5). 

[0150] Determination of processing latitude: 

[0151] To establish the temperature range Within 
Which it is possible to obtain BOPP ?lms various 
stretching temperatures Were used during the pro 
duction of the BOPP ?lms. The limitations on this 
temperature range are that at higher temperatures the 
?lm breaks off, and at loWer temperatures the grip of 
the tenters begins to fail. 

[0152] Determination of 20: 

[0153] The ?lm thickness pro?le of the BOPP ?lms 
obtained Was determined transversely to the direc 
tion of eXtrusion With the aid of a device for ?lm 
thickness measurement. The value of 20 is tWice the 
standard deviation from the mean and is a measure of 
the uniformity of thickness of the ?lm. 

[0154] Determination of modulus of elasticity (tensile 
modulus of elasticity) and elongation at break: 

[0155] Strips of 15 mm Width Were cut out from 
biaXially stretched ?lms in longitudinal and trans 
verse directions. These Were used to determine the 
tensile modulus of elasticity and the elongation at 
break in accordance With ISO Standard 527-2 at 23° 
C. 
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[0156] Determination of haze: 

[0157] In accordance With ASTM D-1003. 

[0158] Determination of gloss: 

[0159] 
[0160] Determination of shrinkage: 

[0161] 

In accordance With ISO/IEC2813_ 

In accordance With ISO 2577 (120° C./5 min) 

Example 1 

[0162] i) Preparation of the Titanium-Containing Solid 
Component a1) 
[0163] In a ?rst step, a ?nely divided spherical silica 
prepared by spray drying and having an average particle 
diameter of 45 pm, a pore volume of 1.5 cm3/g, a speci?c 
surface area of 260 m2/g and a Water content of 2.7% by 
Weight Was mixed With a solution of n-butyloctylmagnesium 
in n-heptane. 0.3 mol of the magnesium compound Was used 
per mole of SiO2. The ?nely divided silica gel also featured 
an average particle siZe of the primary particle of 3-5 pm and 
cavities and channels With a diameter of 3-5 pm. The 
macroscopic volume fraction of cavities and channels Was 
about 15% of the entire particle. The solution Was stirred at 
95° C. for 45 minutes and then cooled to 20° C., and a 
10-fold molar amount of hydrogen chloride, based on the 
organomagnesium compound, Was then introduced. After 60 
minutes the reaction product Was mixed With 3 mol of 
ethanol per mole of magnesium, With continuous stirring. 
This mixture Was stirred for 0.5 hour at 80° C. and then 
mixed With 7.2 mol of titanium tetrachloride and 0.5 mol of 
di-n-butyl phthalate, based in each case on 1 mol of mag 
nesium. The mixture Was then stirred for 1 hour at 100° C. 
and the resultant solid material Was ?ltered off and Washed 
several times With ethylbenZene. 

[0164] The resultant solid product Was extracted for 3 
hours at 125° C. With a 10% strength by volume solution of 
titanium tetrachloride in ethylbenZene. The solid product 
Was then separated by ?ltration from the extraction medium 
and Washed With n-heptane until the titanium tetrachloride 
content of the extraction medium had reduced to 0.3% by 
Weight. 
[0165] The titanium-containing solid component a1) con 
tained 

[0166] 3.5% by Weight of Ti 

[0167] 7.4% by Weight of Mg 

[0168] 28.2% by Weight of Cl. 

[0169] 
[0170] The polymeriZation took place With the titanium 
containing solid al) described above and a gas mixture 
Which comprised, besides propylene, 2.7% by volume of 
hydrogen and 0.9% by volume of ethylene. The polymer 
iZation conditions are given in Table 1 beloW and the product 
properties measured are given in Table 2. FIG. 1 beloW 
shoWs the elongational viscosity p curve for this polymer at 
a constant Hencky strain rate 6 of 0.2 s'1 at the temperatures 
151° C. and 166° C. At 166° C. the polymer is completely 
molten but at 151° C. crystalliZation-induced strain harden 
ing can be seen. FIG. 2 beloW shoWs the elongational 

ii) Polymerization 
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viscosity MT) curve for this polymer 2 seconds after stretch 
ing begins at a constant Hencky strain rate 6 of 0.2 s-1 as a 
function of the temperature. 

[0171] iii) Production of a Biaxially Stretched Film 

[0172] Abiaxially stretched ?lm of thickness about 20 pm 
Was produced from the random propylene-ethylene copoly 
mer obtained, using a Bruckner Maschinenbau pilot plant 
With a 1.3 m ?at-?lm die and an output of 112 kg/h. The 
extruded ?lm Was cooled to 40° C., and the solidi?ed ?lm 
Was stretched in the longitudinal direction at 125° C. and 
With a stretching ratio of 5.1: 1 and in the transverse direction 
at 156° C. and With a stretching ratio of 8.8: 1. The properties 
of the biaxially stretched ?lm produced can be seen in Table 
3 beloW. 

Example 2 

[0173] The titanium-containing solid al) described Was 
used to prepare a random propylene-l-butene copolymer 
and, as described in Example 1, this Was processed to give 
a biaxially stretched ?lm of about 20 pm thickness. The 
polymeriZation conditions and the polymer properties and 
?lm properties measured are likeWise listed in Tables 1 to 3. 

Examples 3 and 4 

[0174] In each case, the polymeriZation of the propylene 
copolymers took place With the titanium-containing solid 
al) described above. The polymeriZation properties and the 
polymer properties measured are given in Tables 1 and 2. 

Comparative Example A 

[0175] In a manner similar to that of Example 1, the 
titanium-containing solid al) was used to prepare a random 
propylene-ethylene copolymer, and this Was processed to 
give a biaxially stretched ?lm of about 20 pm thickness. The 
polymeriZation conditions and the polymer properties and 
?lm properties measured are listed in Tables 1 to 3. 

Comparative Examples B and C 

[0176] In each case, the titanium-containing solid al) 
described above Was used to polymeriZe the propylene 
copolymers. The polymeriZation conditions and polymer 
properties measured are given in Tables 1 and 2. 

Comparative Example D 

[0177] The titanium-containing solid al) described above 
Was used for a homopolymeriZation of propylene under the 
conditions given in Table 1 beloW. The polymer properties 
are listed in Table 2. 

Comparative Example E 

[0178] As in Example 1, a biaxially stretched ?lm of about 
20 pm thickness Was produced With a propylene homopoly 
mer used commercially for OPP ?lm production (Novolen® 
1104 K from BASF Aktiengesellschaft). The properties of 
the polymer used for producing the ?lm are likeWise given 
in Table 2. The ?lm properties can be seen in Table 3 beloW. 
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TABLE 1 

Comp. Comp. Comp. Comp. 
Example Example Example Example Ex. Ex. Ex. Ex. 

1 2 3 4 A B c D 

Pressure [bar] 32 32 28 32 32 32 28 32 
Temperature [0 C.] 80 80 80 80 80 80 80 80 
Molar ratio of aluminum com- 10:1 10:1 10:1 10:1 10:1 10:1 10:1 

pound b)/electron donor C) 
Hydrogen [% by vol.] 0.81 0.76 0.72 0.76 0.59 0.56 0.74 1.0 
Ethylene [% by vol.] 0.5 — — 0.7 0.13 0.3 — — 

1-Butene [% by vol.] — 2.23 5.14 — — — 1.1 — 

Ratio of propylene partial 200:1 44:1 18:1 140:1 760:1 330:1 90:1 — 
pressure to that of the comono 
1'1'16I‘S 

Productivity 27200 22000 18300 21800 22600 21800 20500 12200 
[g polymer/g titanium 
containing solid component a)] 

[0179] 

TABLE 2 

Comp. Comp. Comp. Comp. Comp. 
Example Example Example Example Ex. Ex. Ex. Ex. Ex. 

1 2 3 4 A B c D E 

Ethylene in polymer 1.1 — — 1.1 0.1 0.5 — — — 

[% by Weight] 
1-Butene in polymer — 0.9 2.9 — — — 0.4 — — 

[% by Weight] 
Chlorine content [ppm] 11.0 13.6 17.3 14.5 14.0 14.5 15.4 24.3 
xL [% by Weight] 1.7 0.9 1.7 2.3 1.7 1.9 1.65 1.5 3.2 
mm triads [%] 98.7 98.7 
MFR [g/10 min] 2.9 2.6 3.2 3.0 3.0 3.1 2.9 4.9 3.2 
Tm2 [0 C.] 155.7 161.3 155.3 156.3 164.7 160.7 162.9 165.5 
G Modulus [MPa] 762 755 711 700 777 782 814 936 742 
Tm [0 C.] 165 173 165 166 174 170 172 173 173 
Q5 532 563 220 224 227 277 150 40 170 
Q3 760 734 673 686 673 800 513 450 480 
SH 4.0 4.2 4.3 4.7 1.7 2.0 2.5 2.8 3.9 
PI 21 22 20 21 12 14 14 15 18 

[0180] [0182] Comparison of Example 1 With Comparative 
Examples A and B clearly shoWs that lowering the ethylene 

TABLE 3 content at practically identical xylene-soluble fractions 
ives random co ol mers of ro lene havin hi her stiff 

Example Example Comp. Comp. g _ _ p y p py _ g _ 
1 2 EX_ B EX_ E ness (re. a higher G modulus) and higher melting point Tm2 

but markedly loWer values for PI and Q5. The lowering of 
ggoizssing lamude [ C'] 1S 4 1S 8 i 1 (9)9 the ethylene content does not change the isotacticity of the 
Longitudinal modulus of 1518 1476 1458 1289 copolymers, measured via the proportion of mm triads. 
elasticity [MPa] Comparison of Example 2 and Comparative Example C also 
Tran_s"_erse modulus of 2767 2932 2976 3199 shoWs that loWering the comonomer content gives poorer 
elasticity [MPa] 1 f PI d 
Longitudinal elongation at 194 182 178 173 Va H65 0 an Q5‘ 

break [%] . 

Transverse elongation at 59 56 54 48 [0183] It can beseen from Comparative Examples D 'and 
break [%] E that although raising the xylene-soluble proportions gives 
Hale [%] 0-1 0-1 0-1 0-1 higher values for PI and Q5, the level of Examples 1 to 4 
G108? [scf?e d1V1_S1°nS] 129 126 127 119 according to the invention is not achieved. 
Longitudinal shrinkage [%] 4.0 3.0 3.0 3.0 

Transverse Shrinkage [%] 5-3 3-O 3-5 3-O [0184] Table 3 con?rms that propylene polymers With 
high values for PI and Q5 have better processability to give 
biaxially stretched ?lms. Examples 1 and 2 according to the 

[0181] It Can be Seen frOIIl Table 2 that In partlclllar the invention have markedly greater processing latitude than 
polymers of Examples 1 to 4 according to the invention have 
PI values greater than 18 and Q5 values greater than 200. 

Comparative Examples B and E, and the uniformity of ?lm 
thickness is also greater (lower 20 value). 
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We claim: 

1. Arandom copolymer of propylene With other l-alkenes 
having up to 10 carbon atoms, 

Whose content of comonomers is in the range from 0.7 to 
1.4% by Weight if the only comonomer present in the 
propylene copolymers is ethylene, or 

Whose content of comonomers is in the range from 0.7 to 

3.0% by Weight if at least one C4-C1O-1-alkene is 
present as comonomer, and 

Whose cold-Xylene-soluble fraction is from 1.0 to 2.5% by 
Weight if ethylene is present as a comonomer in the 
propylene copolymers, or 

Whose cold-Xylene-soluble fraction is from 0.75 to 2.0% 
by Weight if the only comonomers present are C4-C1‘) 
l-alkenes. 

2. A random propylene copolymer as claimed in claim 1 
Which comprises exclusively ethylene as comonomer. 

3. A random propylene copolymer as claimed in claim 1, 
Which comprises 1-butene as comonomer. 

4. A random propylene copolymer as claimed in claim 1, 
Whose Q5 value is greater than or equal to 200, Where Q5 is 
given by 

and 

pt(Tm) is the elongational viscosity of the random propy 
lene copolymer at the loWest temperature at Which the 
copolymer is fully molten, and yam-5K) is the elon 
gational viscosity at a temperature Which is loWer by 
5K, and the elongational viscosities are determined 2 
seconds after stretching begins at a constant strain rate 
(Hencky strain rate) 6 of 0.2 s_1. 

5. A random propylene copolymer as claimed in claim 1, 
Whose PI (Processability Index) is greater than 18, Where the 
PI is determined from the formula 

: lOOO i 

Q5 Won-5K) 
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and Q3 is given by 

M(Tm) is the elongational viscosity at the loWest tempera 
ture at Which the copolymer is fully molten, “Tm-5K) 
is the elongational viscosity at a temperature Which is 
loWer by 5K and yam-3K) is the elongational viscos 
ity at a temperature Which is loWer by 3K, and the 
elongational viscosities are determined 2 seconds after 
stretching begins at a constant strain rate (Hencky 
strain rate) 6 of 0.2 s_1, 

and the factor SH (Strain Hardening) is the ratio of the 
maXimum gradient of the curve of elongational viscos 
ity plotted against time on a double logarithmic scale 
for temperatures less than Tm—5K to the gradient of the 
elongational viscosity curve 1 second after stretching 
begins at a constant Hencky strain rate 6 of 0.2 s'1 at a 
temperature of Tm—5K. 

6. Aprocess for preparing random propylene copolymers 
as claimed in claim 1, in Which propylene is polymeriZed 
With other l-alkenes having up to 10 carbon atoms from the 
gas phase at from 50 to 100° C. and at a pressure of 15 to 
40 bar in the presence of a Ziegler-Natta catalyst system 
comprising 

a) a titanium-containing solid component comprising at 
least one halogen-containing magnesium compound 
and an electron donor, 

b) an aluminum compound and 
c) at least one other electron-donor compound, 

and the ratio of the partial pressures of propylene and 
of the comonomers is adjusted to from 400:1 to 15:1 
and the molar ratio of the aluminum compound b) 
and the other electron-donor compound c) is adjusted 
to from 20:1 to 2:1. 

7. Amethod of using the random propylene copolymers as 
claimed in claim 1 for producing ?lms, ?bers or moldings. 

8. A ?lm, a ?ber or a molding comprising random 
propylene copolymers as claimed in claim 1. 

9. AbiaXially stretched ?lm made from random propylene 
copolymers as claimed in claim 1 and having a stretching 
ratio of at least 4:1 in the longitudinal direction and of at 
least 5:1 in the transverse direction. 

10. A process for producing biaXially stretched polypro 
pylene copolymer ?lms in Which random propylene copoly 
mers as claimed in claim 1 are melt-extruded through a die 
to give a ?lm, the eXtruded ?lm is cooled to from 100 to 20° 
C. so that it solidi?es, the solidi?ed ?lm is stretched in the 
longitudinal direction at from 80 to 150° C. With a stretching 
ratio of at least 4:1 and in the transverse direction at from 
120 to 170° C. With a stretching ratio of at least 5:1. 

* * * * * 


