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Description

[0001] The present invention relates to novel polyethylene moulding compositions, and films and other mouldings
made thereof.
[0002] Processability of Ziegler catalyst polyethylen products, due to their complex comonomer distribution and mo-
lecular weight distribution, and as possibly manufactured as multimodal reactor blends in different reactions steps, is
an object where there is always a need for improvement. It is known that those subfractions of a Ziegler polymer having
extremly high molecular weights of above 500.000 g/mol and having long chain branches (LCB) are paramount to the
processing behaviour of the whole polymer product; they are often adressed as high molecular weight tail, since con-
stituting a quantitatively relatively minor share of the total polymer and having little impact on the number-average
molecular weight Mn. The LCB structure itself, both the branching rate as well as the chain length distribution, strongly
modulate account for such impact on processing behaviour, by affecting the extent and strength of entanglements in
between the high molecular weight chains. It is known to be a characteristic of Ziegler products (Malpass et al. 1989,
US4851489).
[0003] However, merely introducing more LCB into Ziegler products by different approaches, such as e.g. adding
radical initiators during extrusion or electron beam treatment, did not produce the intended effects and/or not in a reliable
fashion. There are two many factors and possibilites to be considered. It is the object of the present invention to devise
an improved Ziegler product that, as a direct result of the catalytic process, shows improved processing behaviour.
[0004] This object has been solved by the polyethylene compositions of the present invention as defined in the claims
and the direct, catalytic process for their obtention empolying a Ziegler catalyst. It is devised a polyethylene composition
having a melt flow rate at 5 kg/190°C according to ISO 1133:2005 (abbreviated MI 5 kg) of from 0.25 to 3 g/10min,
preferably of from 0.3 to 2 g/10min, more preferably of from 0.31 to 1 g/10min and/or a Hostalen Processing Index value,
hereafter coined Hostalen Index (HI) value for short, of from 0.18 to 18 with the proviso that for MI 5kg being > 1.9 g/10min,
then the HI value is > 1.
The compositions according to the present invention typically and preferably have densities of from 0.92 to 0.97 g/cm3,
more preferably of from 0.935 to 0.965 g/cm3.
In one prefered embodiment, the polyethylene composition has a HI value of from 1 to 17, more preferably of from 1.1
to 16.5, most preferably of from 2 to 16. This range of products is best suited for film products, inclusive blown and cast
film products, and most particular for blown films.
In another prefered embodiment, the polyethylene composition has a HI value of from 0.22 to 10, preferably of from 1.1
to 10. This range of products is best suited for certain film types and/or hollow, form-blown blow mouldings such as e.g.
canisters, reservoir tank, bottles or the like.
In another prefered embodiment, alone or in combination with the foregoing ones, the MI 5 kg is of from 0.3 to 2 g/10
min., more preferably is of from 0.33 to 1 g/10 min.
[0005] The HI according to the present invention is calculated according to the following equation: 

where:
Mz and Mw are the 3rd and 2nd (or weight-average) moment of the molecular weight distribution, as determined by Gel-
Permeation Chromatography coupled with Multi-Angle-Laser-Light-Scattering (GPC-MALLS). A more detailed descrip-
tion of the method can be found in the experimental section. For data recording and computation of the Mz and Mw
values from the experimentally obtained distribution curve, commercial GPC software was used (from: hs GmbH, Haupt-
straBe 36, D-55437 Ober-Hilbersheim).
[0006] gMz is the branching factor at a molecular weight M = Mz. The branching factor is defined for each eluted polymer

fraction, as the ratio of the root-mean-square radius of gyration,  of the measured polymer to the rms radius of

gyration of a linear PE reference,  
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eh is the elongational hardening of the polymer, for the purposes of the present patent at an uniaxial elongation rate of
0.1 s-1 (eh indexed ’at 0.1 s-1’) and at a test temperature of T = 150 ºC. Elongational or strain hardening in uniaxial
elongation is the ratio of the maximum melt elongational viscosity measured at the specific elongation rate, ηE,max, over
the linear response at the same time, ηs. Accordingly, eh is defined as 

[0007] The ηE,max, in case no plateau is observed after a certain elongation, can be defined as the maximum polymer
melt viscosity value, measured at 10-50 seconds after the start of deformation or at elongations L of the specimen
In(L(t)/L(0)) ≥ 3 (based on the definition of ’Hencky strain’).
The linear viscoelastic response, ηs, is calculated from fitting linear rheological data of G’ and G" at the same temperature
with a multi-mode Maxwell model, calculating the transient shear viscosity and multiplying by 3 (Trouton ratio). - The
present method and the definition of elongational (strain) hardening is described in Mackosko C.W. Rheology Principles,
Measurements and Applications, 1994, Wiley-VCH, New York.
[0008] Elongational flow or rheology properties of polymer melts are paramount to processing operations like film
blowing, blow moulding and thermoforming. Strain or elongational hardening eh induces a so-called self-healing effect
which supports a homogenous deformation of the melt. Thus polymers exhibiting strain hardening in elongational flow
improve the production of films and bottles or other mouldings with respect to a homongenous distribution of wall
thickness. On the other hand, strain or elongational hardening eh is also responsive to molecular properties of the
polyethylene composition otherwise poorly measurable by parameters reflecting the weight of the high molecular weight
fraction, such as Mz, or the degree of long chain branching such as reflected by the branching factor for the high molecular
weight tail weight Mz. Conventionally, the skilled person was held to believe that eh is positively correlated to and is
dominated by Mz and eventually gMz.
Preferably, the polyethylene composition according to the present invention has a gMz > 0.26, more preferably > 0.28,
most preferably >0.31 . Preferably, in combination with the foregoing prefered embodiments for gMz, gMz has a value of
less or up to 0.45, more preferably has a value of less or up to 0.40, and preferably, in combination with the foregoing
prefered embodiments , always the elongation hardening value eh > 1. 2 s-1, more preferably the eh value is at least
1.2 s-1, more preferably is at least 1.4 s-1, or is above.
More preferably, the polyethylene composition according to the present invention has a Mz <3’700’000 g/mol, more
preferably of <3’400’000 g/mol, and most preferably of <3’200’000. The latter most preferred embodiment is particularly
preferred in conjunction with the above given, preferred values for gMz, in particular with gMz > 0.31, and is preferred
especially and preferably in conjunction with an eh value of >1.4 s-1. This illustrates further that a decrease in Mz and a
lower degree in long chain branching may surprisingly conincide with an increase in elongational viscosity and hence
processing.
[0009] The polyethylene or polyethylene composition of the present invention is preferably obtained by polymerisation
of ethylene, optionally in the further presence of and with at least one comonomer, by at least one Ziegler catalyst. The
comonomer is typically an 1-olefine, preferably it is a C4 to C12 1-olefine such as 1-n-butene, 1-n-octene, 1-n-hexene.
More preferably, the polymerization is carried out by a cascaded reactor system at temperatures of from 20 to 120°C,
at a pressure in the range of from 2 to 60 bar and in the presence of a Ziegler catalyst as described above, which
comprises conducting the polymerization in at least two stages, the molar mass of the polyethylene at a given reactor
stage being controlled by dosing hydrogen during the polymerisation. Most preferably, according to the present invention,
the polymerization is conducted in three consecutive or cascaded reactor stages, giving rise to a trimodal product in
terms of molecular weight distribution.
Such trimodal composition comprising a first (A) low, second (B) high and third (C) ultra-high molecular weight fraction,
wherein the peak molecular weights Mpx, with x={A,B or C}, of said first, second and third molecular weight fractions
are MpA<MpB<MpC. The fractions A,B,C correspond to the product of the first, second, third reactor stage, preferably
and respectively.
[0010] It is the surprising realization of the present invention that it is not solely the presence of a high molecular weight
tail, having a molecular weight Mz > 500.000 g/mol, preferably having a molecular weight Mz > 1.000.000 g/mol, most
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preferably having a molecular weight Mz > 2.000.000 g/mol, in a Ziegler product that is decisive for processing properties
(as directly assessable by different tests for different applications, e.g. bubble stability for film blowing, or low shear
viscosity in general) beside that is relevant for the mechanical, impact properties sought to be achieved. Without wanting
to be bound by theory, additional information on the finestructure of the polymer is furnished by strain hardening in
addition to conventional LCB branching factors or similar index systems, and all such properties may well be adjusted
surprisingly independently from another. This way, novel polyethylene compositions are devised having new, unprece-
dented properties. It is possible for instance to obtain films having a higher mechanical impact resistance at 10 mm
compared to 20 mm film thickness, as determined by DDI measurement.
[0011] Preferably, the Ziegler catalyst is a high-mileage Ziegler catalyst, especially when a cascaded reactor system
is used and no new catalyst is feeded to the system when trespassing from one reactor to the next reactor step. According
to the present invention, a suitable high-mileage catalyst substantially maintains its specific catalytic activity over a long
period of time, that is of from 4 to 8 hours, and is responsive to hydrogen as to allow of modifying the molecular weight
distribution of the polymer at the different reactor stages. Specific examples of a catalyst which is suitable in this manner
are the Ziegler catalysts cited in EP-532 551, EP-068 257 and EP-401 776. Said documents describe the conversion
of Magnesium alcoholates with compounds comprising a transition metal selected from the group consisting of Ti, Zr or
Vd and a further metalorganic compound, said metal being selected from the main groups I, II or III of the periodic table.
Furthermore, as is well-known in the art, alumorganic cocatalyst species is preferably used for enhancing and sustaining
Ziegler catalyst activity during polymerisation; such cocatalysts and their use is described in EP-068 257. More preferably,
the cocatalyst according to the present invention is trialkylaluminium, with the alkyl being C1 to C10 alkyl, more preferably
it being C2 to C6 alkyl which may be branched or linear, most preferably it is triethylaluminium or tripropylaluminium.
The use of alumorganic cocatalyst has further been discussed and explained in US4851489. Preferably, when using a
cascaded reactor process for manufacturing, intermittent depressurization, e.g. by way of an intermittent flash tank, is
applied for changing the hydrogen partial pressure, and optionally or suitably the ethylene partial pressure, at the onset
of a new reactor stage, requiring an Mw of the polymer product different from that of the preceding reactor stage.
A process for manufacturing the polyethylene composition according to the present invention is a further object of the
present invention, which process comprises comprises polymerzing ethylene and optionally at least comonomer as
described above, in three consecutive reactor steps with at least one Ziegler catalyst, and preferably in the presence of
an alumorganic cocatalyst. Prefered embodiments pertaining to conducting such process are further described elsewhere
in the description and claims.
The polyethylene composition may further comprise the usual additives such as stabilizers, UV-absorbants, radical
scavengers, fillers, processing additives, pigments, plasticizers and the like, preferably up to or less than 10%, more
preferably up to or less than 5% by weight of the total composition.

Experiments

Analytical Methods -

a. Elongational rheology

[0012] The measurements were performed on a Physica MCR 301 parallel plate rheometer instrument from AntonPaar
GmbH (Graz, Austria), equipped with the Sentmanant Elongational Rheology tool (SER). The measurements were
performed at 150 °C, after an annealing time of 5 min at the measurement temperature. The measurements were
repeated for different specimens of each sample at elongational rates varying between 0.01 s-1 and 10 s-1, typically at
0.01, 0.05, 0.1, 0.5, 1, 5, 10 s-1. For each measurement, the uniaxial elongational melt viscosity was recorded as a
function of time.
The test specimens for measurement were prepared as follows: 2.2 g of the material were weighted and used to fill a
moulding plate of 70x40x1mm. The plate was placed in a press and heated up to 200°C, for 1min, under a pressure of
20-30bar. After the temperature of 200°C was reached, the sample was pressed at 100 bar for 4min. After the end of
the compression-time, the material was cooled down to room temperature and the plate was removed from the form.
from the compressed 1mm thick compressed polymer plate, rectangular films of 12x11x1 mm were cut off and used as
specimens for measuring the elongational hardening.

b.1 GPC for determination of molecular weight parameters

[0013] The determination of the molar mass Mn, Mw (and peak molecular weight Mp, as needed) was carried out by
high-temperature gel permeation chromatography using a method described in DIN 55672-1:1995-02 (=issue Februar
1995). The deviations according to the mentioned DIN standard are as follows: Solvent 1,2,4-trichlorobenzene (TCB),
temperature of apparatus and solutions 145 °C and as concentration detector a PolymerChar (Valencia, Paterna 46980,
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Spain) IR-4 infrared detector, capable for use with TCB. A WATERS Alliance 2000 equipped with the following precolumn
SHODEX UT-G and separation columns SHODEX UT 806 M (3x) and SHODEX UT 807 connected in series was used.
The solvent was vacuum distilled under nitrogen and was stabilized with 0.025% by weight of 2,6-di-tert-butyl-4-meth-
ylphenol. The flow rate used was 1 ml/min, the injection was 400 ml and polymer concentration was in the range of 0.008
% < conc. < 0.05 % w/w. The molecular weight calibration was established by using monodisperse polystyrene (PS)
standards from Polymer Laboratories (now Varian, Inc.,Essex Road, Church Stretton, Shropshire, SY6 6AX, UK) in the
range from 580 g/mol up to 11600000 g/mol and additionally Hexadecane. The calibration curve was then adapted to
Polyethylene (PE) by means of the Universal Calibration method (Benoit H., Rempp P. and Grubisic Z., J. Polymer Sci.,
Phys. Ed., 5, 753(1967)). The Mark-Houwing parameters used herefore were for PS: kPS= 0.000121 dL/g, αPS=0.706
and for PE kPE= 0.000406 dL/g, αPE =0.725, valid in TCB at 135 °C. Data recording, calibration and calculation was
carried out using NTGPC_Control_V6.02.03 and NTGPC_V6.4.24 (hs GmbH, Hauptstraße 36, D-55437 Ober-Hilber-
sheim), respectively. GPC-MALLS measurements for determination of Mz were carried out on a PL-GPC C210 instrument
on high temperature GPC of Polyethylene under the following conditions: styrenedivinylbenzene column, 1,2,4-trichlo-
robenzene (TCB) as solvent, flow rate of 0.6 ml/min., at 135°C, with detection by multi-angle-laser light-scattering
(MALLS) detector as described in section b.2 in more detail.

b.2 - GPC-MALLS analysis for determination of branching factor g(Mz)

[0014] The experimentally determined branching factor g which allows to determine long-chain branches at molecular
weight Mz, was measured by Gel Permeation Chromatography (GPC) coupled with Multi-Angle Laser-Light Scattering
(MALLS), as described in the following:
The parameter g is the ratio of the measured mean square radius of gyration to that of a linear polymer having the same
molecular weight. It is a measure for the presence of long chain branches (LCB) as was shown by the theoretical
considerations of Zimm and Stockmeyer (Zimm et al., J. Chem. Phys. 1949, 17, 1301-1314), though there is some
mismatch between the experimentally measured branching factor g (sometimes written g’, for distinction) and the the-
oretically deduced one, as described in Graessley, W, Acc. Chem. Res. 1977, 332-339. In the present context, the
branching factor g(Mz) is the experimentally determined one.
Linear molecules show a g factor value of 1, while values less than 1 in theory indicate the presence of LCB. Values of
g were calculated as a function of molecular weight, M, from the equation: 

where <Rg
2>M is the mean-square radius of gyration for the fraction of molecular weight M. The linear reference baseline

is interally computated based on the theoretical value of the Zimm-Stockmeyer equation (Zimm et al., J. Chem. Phys.
1949, 17, 1301-1314) for a perfectly linear polymer. The radius of gyration (size of polymers at each fraction coming
from GPC) was measured with a Laser (16-angle Wyatt green-laser): for each fraction eluted from the GPC, carried out
as described above, the molecular weight M and the branching factor g were determined, in order to define g at a defined M.
[0015] A Polymer Laboratories (now Varian, Inc., Essex Road, Church Stretton, Shropshire, SY6 6AX,UK) type 210
high temperature GPC was used, with solvent 1,2,4-trichlorobenzene at 135 °C and at a flow rate of 0.6 mL min-1

employing three Shodex UT 806 and one UT 807 columns. Polyethylene (PE) solutions with concentrations of 1 to 5
mg/10mL, depending on samples, were prepared at 150°C for 2-4 h before being transferred to the SEC injection vials
sitting in a carousel heated at 135°C. The polymer concentration was determined by infrared detection with a PolymerChar
IR4 detector as in section b.1 above and the light scattering was measured with a Wyatt Dawn EOS multi angle MALLS
detector (Wyatt Technology, Santa Barbara, California/U.S.A.). A laser source of 120mW of wavelength 658nm was
used. The specific index of refraction was taken as 0.104 ml/g. Data evaluation was done with ASTRA 4.7.3 and CORONA
1.4 software (Wyatt, supra). The absolute molecular weight M and radius of gyration <Rg

2> where established by Debye-
type extrapolation at each elution volume by means of the afore mentioned software. The ratio g(M) at a given molecular
weight M was then calculated from the radius of gyration of the sample to be tested and the radius of the linear reference
at the same molecular weight. In the present context, the branching factor g(Mz) means g being determined at M=Mz.

c. Impact resistance testing

[0016] Dart Drop Impact (DDI) testing was carried out according to ASTM D 1709: 2004 Method A, on films having a
thickness of either 20 mm or 10 mm as individually annotated with the respective set of data.
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d. Complex viscosity measurement

[0017] Dynamic ocscillatory shear deformation and response thereto, was applied on the polymer in a parallel-plate
rheometer from Anton-Paar MCR 300 (Anton Paar GmbH, Graz/Austria) for the determination of shear rheology, i.e.
measurement of complex viscosity η* at a given frequency ω. Firstly, the sample (from granulate or powder form) is
prepared for the measurement as follows: 2.2 g of the material are weighted and used to fill a moulding plate of 70x40x1
mm. The plate is placed in a press and heated up to 200 °C, for 1min. under a pressure of 20-30bar. After the temperature
of 200 °C is reached, the sample is pressed at 100 bar for 4 min. After the end of the press-time, the material is cooled
to room temperature and plates are removed from the form. A visual quality control test is performed at the pressed-
plates, for possible cracks, impurities or inhomogeneity. The 25mm diameter, 0.8-1mm thick polymer discs are cut off
from the pressed form and introduced in the rheometer for the dynamic mechanical analysis (or frequency sweep)
measurement.
The measurement of the elastic (G’) & viscous (G") moduli and of the complex viscosity η* as a function of frequency
ω was performed in said Anton Paar MCR300 stress-controlled rotational rheometer. The device is equipped with a
plate-plate geometry, i.e. two parallel discs of 24.975 mm radius. The disc sample of ∼1mm thickness and 25 mm
diameter, prepared as above, is loaded and heated at the measurement temperature (standard for PE: T = 190°C). The
molten sample is kept at the test temperature for 5min to achieve a homogeneous melting. Thereafter the frequency
sweep begins by the instrument taking points between 0.01 and 628 rad/s logarithmically.
A periodic deformation in the linear range with a strain amplitude of 0.05 (or 5%) is applied. Points are chosen from the
frequency range logarithmically descending from high frequencies to low. The frequency sweep ranged from 628.3 rad/s
(or ∼100 Hz) to 8.55 rad/s and for the very low frequency regime continuing from 4.631 rad/s to 0.01 rad/s (or 0.00159
Hz) with an increased rate of sampling, such as that more points are taken for the low frequency range.
The resulting shear stress amplitude and the phase lag from the applied deformation are acquired by the instrument
and used to calculate the loss and storage moduli and the complex viscosity, as a function of frequency.

e. Miscellaneous methods

[0018] The density [g/cm3] was determined according to DIN EN ISO 1183-1, Method A (Immersion). For measurement,
compression moulded plaques (thickness 2 mm) were prepared having a defined thermal history: Press conditions -
temperature, pressure and time: 180°C, 200bar for 8 min, Crystallization in boiling water for 30 min.
[0019] The amount of Al, Fe, Mg and Ti in the catalyst was measured by ICP-OES method, according to DIN EN ISO
11885.
Viscosity numbers were directly determined with an Ubelohe capillary viscometer according to ISO 1191:: 1975 in
decaline at a temperature of 135°C; measurement was carried out on sample of the reactor mixture obtained at the end
of the first, second or third polymerization stage.

Synthesis of Ziegler catalyst & outline of polymerization reaction

[0020] As a Ziegler catalyst, the catalyst acc. to exp. 1 of EP-401 776 was produced. The polymerization was conducted
in a continuous process in a seris of three cascaded slurry reactors. The Ziegler catalyst was added only once, to the
first reactor. The Ziegler catalyst (suspended in hexane as indicated) was used with an additional amount of the cocatalyst
triethylaluminium in a molar ratio of about 1:10, as indicated below in more details. Flash tanks in between the reactor
stages allowed of adjusting the hydrogen, ethylene and comonomer dosage individually for every reactor stage.

Example 1

[0021]

Catalyst 4,4 [mmol/L]
Catalyst-Dosage: 4,2 [mmol/h]
cocatalyst: TEA, provided at 22,8 [mmol/L]
active Al: 1 [mmol/L]
TEA dosage: 61 [mmol/h]
R1, R2, etc.=slurry reactor No.1, 2, etc.
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[0022] The polymer product was separated from hexane, dried and granulated. Blown films were made thereof on an
Alpine film blowing line.

Example 2

[0023]

Catalyst: 8,5 [mmol/L]

Catalyst dosage: 3,6 [mmol/h]

cocatalyst: TEA, provided at 22,8 [mmol/L]

aktives Al: 1,1 [mmol/L]

cocatalyst dosage: 61 [mmol/h]

R1, R2, etc.=slurry reactor No.1, 2, etc.

Table I - polymerization conditions

unit R1 R2 R3

Temperature °C 84 84 84

pressure bar 8.6 1.7 2,8

Ethylene C2 kg/h 38.4 25.6 16

Ethylene C2-split % 48 32 20

H2 NL/h 955 85

H2/C2 L/kg 24.9 5,3

Butene C4 kg/h 0.059 0.354

Ethylene C2 Vol. % 15.2 61 61.9

H2 Vol. % 67.1 5.7 17.9

Butene C4 Vol. % 0.04 0.67 1.25

p(H2) bar 5.3 0.059 0.37

p(C2) bar 1.2 0.62 1.26

H2/C2 - 4.4 0.1 0.3

Hexane % 40 59

PhV (phase ratio gas: liquid/slurry) - 2.7 3.1 4

Viscosity number cm3/g 69 333 357

density g/cm3 0.969 0.958 0.956

Table II - polymerization conditions

unit R1 R2 R3

Temperature °C 84 84 84

pressure bar 7.8 1.6 2.5

Ethylene C2 kg/h 38.4 25.6 16

Ethylene C2-split % 48 32 20



EP 2 438 094 B1

8

5

10

15

20

25

30

35

40

45

50

55

[0024] The polymer product was separated from hexane, dried and granulated. Blown films were made thereof on an
Alpine film blowing line.

Example 3

[0025] Molecular weight distribution (drawn line) and long-chain branching distribution (LCB/1000CH2, as a function
of molecular weight) as determined from gyration radius by GPC-MALLS are shown in Fig.1 for the polymer products
of examples 1,2. The results of film testing are shown in table III below:

(continued)

unit R1 R2 R3

H2 NL/h 794 64

H2/C2 L/kg 20.7 4

Butene C4 kg/h 0.059 0.354

Ethylene C2 Vol. % 17 71 68.2

H2 Vol. % 70.3 5.6 14.4

Butene C4 Vol. % 0.05 0.5 1.38

p(H2) bar 4.97 0.051 0.267

p(C2) bar 1.2 0.65 1.25

H2/C2 - 4.1 0.1 0.2

hexane % 40 59

PhV (phase ratio gas: liquid/slurry) - 2.7 3.1 4

Viscosity number cm3/g 72 415 352

density g/cm3 0.97 0.959 0.956
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Example 4-8

[0026] Similar to the polymerization process of examples 1 and 2, further polymer samples 4 to 8 have been produced
according to the present invention, by varying the process conditions mildly and obtaining products of different Mw, Mz,
HI etc.
[0027] Essentially, the process description of example 1 was applied , wherein always the following conditions were
varied within the limits indicated:

• Polymerization conditions

+ Hydrogen-to-ethylene ratio in 3rd reactor: 0.3 < H2/C2 < 0.4
+ Hydrogen-to-ethylene ratio in 2nd reactor: H2/C2 = 0.08
+ Comonomer in 3rd reactor: 0.8 < C4 < 1.3 %vol
+ Comonomer in 2rd reactor: 0.5 < C4 < 0.8 %vol.
+ Alkyl-concentration (Triethylaluminium):0.96 < CAl < 1.2 mmol/L
+ Partial ethylene pressure, Pc2 : < 0.65bar for 2nd and < 1.25bar for 3rd reactor

• Final resin properties:

+ MFI5kg = 0.35 - 0.44 g/10min
+ Density, ρ = 0.955 - 0.957 g/cm3

+ a DDI for 10mm films of always > 300 g

[0028] The further properties of the resins obtained from examples 1,2 and 4-8, in view of HI calculation and melt
rheology and their comparison with presently available commercial grades, mostly from competitors, are shown in table
IV below.

Table IV

sample

Mw from 
GPC-
MALLS 
(g/mol)

Mzfrom 
GPC-
MALLS 
(g/mol)

Mz/Mw 
from GPC-
MALLS 
(g/mol)

g at Mz 
(MALLS)

elong. 
hardening 
at 0.1 s-1

HI MFI5 MFI21,6

Exp. 1 / invention 444867 2646488 5,9 0,40 1,2 3,1 0,315 10,6

Exp. 2 /invention 482887 3329116 6,9 0,32 1,6 13,1 0,336 11,338

Exp. 4/ invention 421090 3118210 7,4 0,34 1,7 15,9 0,44 14,33

Exp. 5/ invention 447643 2822083 6,3 0,39 1,3 4,3 0,34 10,69

Exp. 6/ invention 423470 2862298 6,8 0,37 1,2 3,8 0,4 12,1

Exp. 7/ invention 456908 3165958 6,9 0,37 1,4 7,8 0,34 11,63

Exp. 8/ invention 507688 3599616 7,1 0,30 1,7 17,3 0,413 13,309

Lyondell1 Alathon 
L5045 / 
comparative 
example 162855 1034004 6,3 0,99 1,1 0,4 2,07 46,89

Lyondell1 Alathon 
L4434 / 
comparative 
example 165044 790201 4,8 1,00 1,0 0,0 1,55 29,21

Formosa Taisox 
9001 / comparative 
example 348019 2283373 6,6 0,58 1,0 0,1 0,353 13,53
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Claims

1. Polyethylene composition having a melt flow rate at 5 kg/190°C (MI 5 kg) according to ISO 1133:2005 of from 0.25
to 3 g/10min and a Hostalen Index (HI) value of from 0.18 to 18 with the proviso that for MI 5kg being > 1.9 g/10min,
then the HI value is > 1; wherein the HI is defined as 

where:

Mz is the z-average molecuar weight
Mw is the weight-average molecular weight
gMz is the branching factor at a molecular weight M = Mz
eh is the elongational hardening of the polymer at a uniaxial elongation rate of 0.1 s-1 and at a test temperature

of T = 150 ºC and as defined as  wherein,

ηE,max : maximum melt elongational viscosity measured at the given elongation rate, and
ηs : linear viscoelastic response, determined by fitting linear rheological data of the elastic (G’) and viscous
(G") moduli at the same temperature with a multi-mode Maxwell model, calculating the transient shear

(continued)

sample

Mw from 
GPC-
MALLS 
(g/mol)

Mzfrom 
GPC-
MALLS 
(g/mol)

Mz/Mw 
from GPC-
MALLS 
(g/mol)

g at Mz 
(MALLS)

elong. 
hardening 
at 0.1 s-1

HI MFI5 MFI21,6

Prime Polymer 
Japan Haizex 
7000F / 
comparative 
example 508244 2689956 5,3 0,32 1,0 0,2 0,214 8,46

Dow DGDH-
1095NT / 
comparative 
example 96905 294241 3,0 0,97 1,1 0,3 3,19 60,2

Basell2 HS ACP 
5331 A / 
comparative 
example 402914 2290740 5,7 9,00 1,0 0,0 0,312 6,71

Basell2 Histif 
5431Z / 
comparative 
example 555305 3479422 6,3 0,84 1,0 0,1 0,12 2,5

Borealis BL0521 / 
comparative 
example 315010 1233530 3,9 0,97 1,4 1,8 0,08 2,23

1=which now is LyondellBasell, Europe 2 = which now is LyondellBasell, North America
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viscosity and multiplying by 3.

2. Composition according to claim 1, wherein the MI 5kg is of from 0.3 to 2 g/10 min. and/or the HI value is of from 0.2
to 10 with the proviso that for MI 5kg being > 1.9 g/10min, then the HI value is > 1.

3. Composition according to one of the preceding claims, wherein the composition is obtainable by catalysis with at
least a Ziegler catalyst.

4. Composition according to one of the preceding claims, wherein the composition has a multi-modal molecular weight
distribution.

5. Composition according to claim 4, wherein the composition is trimodal comprising a first (A) low, second (B) high
and third (C) ultra-high molecular weight fraction, wherein the peak molecular weights Mpx, with x={A,B or C}, of
said first, second and third molecular weight fractions are MpA<MpB<MpC.

6. Composition according to claim 5, wherein the composition is obtainable by polymerizing ethylene in three consec-
utive reactor steps with at least one Ziegler catalyst, and optionally at a given reactor step in the presence of at least
one comonomer which is an alpha-olefine, preferably which is a C4 to C12 alpha-olefine.

7. Polyethylene composition according to claim 1, for manufacturing extruded films of < 1mm thickness, having a melt
flow rate at 5 kg/190°C according to ISO (MI 5 kg) of from 0.25 to 1g/10min and a Hostalen Index (HI) value of from
1.5 to 18.

8. Polyethylene composition according to claim 7, wherein for an film made thereof, the dart drop impact (DDI) as
determined according to ASTM D1709:2004 method A increases by at least 3%, preferably by at least 15%, when
decreasing the film thickness of from 20 mm to 10 mm and wherein the DDI is at least 300 g or higher at a film
thickness of 10 mm.

9. Film, preferably a blown film, made of the polymer composition of one of claims 1-8.

Patentansprüche

1. Polyethylenzusammensetzung mit einer Schmelzflussrate von 5 kg/190 °C (MI 5 kg) gemäß ISO 1133:2005 von 0,25
bis 3 g/10 min und einem Wert des Hostalen-Index (HI) von 0,18 bis 18 mit der Maßgabe, dass für MI5 kg > 1,9 g/10
min dann der HI-Wert > 1 ist; wobei der HI wie folgt definiert ist: 

wobei:

Mz das z-Mittel des durchschnittlichen Molekulargewichts ist
Mw das Gewichtsmittel des durchschnittlichen Molekulargewichts ist
gMz der Verzweigungsfaktor bei einem Molekulargewicht M= Mz ist
eh die Dehnungshärtung des Polymers bei einer uniaxialen Dehnungsrate von 0,1 s-1 ist

und bei einer Testtemperatur von T = 150 °C und als  definiert, wobei

ηE,max: maximale Schmelzdehnungsviskosität, gemessen bei der gegebenen Dehnungsrate, und
ηs: lineare viskoelastische Reaktion, ermittelt durch Anpassen von linearen rheologischen Daten des Spei-
chermoduls (G’) und Verlustmoduls (G") bei derselben Temperatur mit einem multimodalen Maxwell-Modell,
Berechnen der transienten Scherviskosität und Multiplizieren mit 3.
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2. Zusammensetzung nach Anspruch 1, wobei der MI5 kg 0,3 bis 2 g/10 min. beträgt und/oder der HI-Wert 0,2 bis 10
beträgt, mit der Maßgabe, dass für MI5 kg > 1,9 g/10 min der HI-Wert dann > 1 ist.

3. Zusammensetzung nach einem der vorhergehenden Ansprüche, wobei die Zusammensetzung durch Katalyse mit
mindestens einem Ziegler-Katalysator erhältlich ist.

4. Zusammensetzung nach einem der vorhergehenden Ansprüche, wobei die Zusammensetzung eine multimodale
Molekulargewichtsverteilung hat.

5. Zusammensetzung nach Anspruch 4, wobei die Zusammensetzung trimodal ist und eine erste (A) Fraktion mit
niedrigem Molekulargewicht, eine zweite (B) Fraktion mit hohem Molekulargewicht und eine dritte (C) Fraktion mit
ultrahohem Molekulargewicht umfasst, wobei die Spitzenwerte des Molekulargewichts Mpx bei x={A, B oder C} der
ersten, zweiten und dritten Molekulargewichtsfraktion MpA<MpB<MpC sind.

6. Zusammensetzung nach Anspruch 5, wobei die Zusammensetzung durch Polymerisieren von Ethylen in drei auf-
einander folgenden Reaktorstufen mit mindestens einem Ziegler-Katalysator und gegebenenfalls an einer gegebe-
nen Reaktorstufe in Gegenwart von mindestens einem Comonomer erhältlich ist, das ein alpha-Olefin ist und vor-
zugsweise ein C4- bis C12-alpha-Olefin ist.

7. Polyethylenzusammensetzung nach Anspruch 1 zur Herstellung von extrudierten Folien mit < 1 mm Dicke, mit einer
Schmelzflussrate bei 5 kg/190 °C gemäß ISO (MI5 kg) von 0,25 bis 1g/10 min und einem Wert des Hostalen-Index
(HI) von 1,5 bis 18.

8. Polyethylenzusammensetzung nach Anspruch 7, wobei der Dart-Drop-Wert (Fallhammerversuch) (DDI), ermittelt
gemäß ASTM D1709:2004, Methode A, einer daraus hergestellten Folie um mindestens 3 %, vorzugsweise min-
destens 15 % ansteigt, wenn die Foliendicke von 20 mm auf 10 mm verringert wird, und wobei der DDI bei einer
Foliendicke von 10 mm mindestens 300 g oder höher ist.

9. Folie, vorzugsweise eine Blasfolie, die aus der Polymerzusammensetzung gemäß einem der Ansprüche 1 bis 8
hergestellt ist.

Revendications

1. Composition de polyéthylène ayant un indice de fluidité à chaud à 5 kg/190 °C (MI 5 kg) selon ISO 1133:2005 allant
de 0,25 à 3 g/10 min et une valeur d’indice d’Hostalen (HI) allant de 0,18 à 18, à la condition que pour MI 5 kg > 1,9
g/10 min, alors la valeur HI est > 1 ;
dans laquelle le HI est défini comme suit 

où :

Mz est le poids moléculaire moyen en z
Mw est le poids moléculaire moyen en poids
gMz est le facteur de ramification à un poids moléculaire M = Mz
eh est le durcissement à l’allongement du polymère à un taux d’allongement uniaxial de 0,1 s-1 et à une

température de test de T = 150 °C et tel que défini par  où,

ηE, max : viscosité maximale en allongement à l’état fondu mesurée au taux d’allongement donné, et
ηs : réponse viscoélastique linéaire, déterminée par ajustement de données rhéologiques linéaires des
modules d’élasticité (G’) et de viscosité (G") à la même température avec un modèle de Maxwell multimode,
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calcul de la viscosité de cisaillement transitoire et multiplication par 3.

2. Composition selon la revendication 1, dans laquelle le MI 5 kg va de 0,3 à 2 g/10 min et/ou la valeur HI va de 0,2 à
10, à la condition que pour MI 5 kg > 1,9 g/10 min, alors la valeur HI est > 1.

3. Composition selon l’une des revendications précédentes, la composition pouvant être obtenue par catalyse avec
au moins un catalyseur de Ziegler.

4. Composition selon l’une des revendications précédentes, la composition ayant une distribution de poids moléculaires
multimodale.

5. Composition selon la revendication 4, la composition étant trimodale, comprenant une première fraction (A) de
faibles poids moléculaires, une deuxième (B) fraction de poids moléculaires élevés et une troisième fraction (C) de
poids moléculaires extrêmement élevés, les poids moléculaires de pic Mpx, avec x = {A, B ou C}, desdites première,
deuxième et troisième fractions de poids moléculaires étant MpA<MpB<MpC.

6. Composition selon la revendication 5, la composition pouvant être obtenue par polymérisation d’éthylène dans trois
étapes de réacteur consécutives avec au moins un catalyseur de Ziegler, et éventuellement à une étape de réacteur
donnée en présence d’au moins un comonomère qui est une alpha-oléfine, de préférence qui est une alpha-oléfine
en C4 à C12.

7. Composition de polyéthylène selon la revendication 1, destinée à la fabrication de films extrudés d’une épaisseur
< 1 mm, ayant un indice de fluidité à chaud à 5 kg/190 °C selon ISO (MI 5 kg) allant de 0,25 à 1 g/10 min et une
valeur d’indice d’Hostalen (HI) allant de 1,5 à 18.

8. Composition de polyéthylène selon la revendication 7, dans laquelle pour un film constitué de celle-ci, le choc de
masse tombante (DDI) tel que déterminé selon la méthode A d’ASTM D1709:2004 augmente d’au moins 3 %, de
préférence d’au moins 15 %, lors de la diminution de l’épaisseur du film de 20 mm à 10 mm, et dans laquelle le DDI
est au moins de 300 g ou plus à une épaisseur de film de 10 mm.

9. Film, de préférence un film soufflé, constitué de la composition polymère de l’une des revendications 1 à 8.
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