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(57) Abstract: The present invention relates to a film made of a polymer blend of LDPE and LLDPE that is produced with a metal -
locene catalyst. The present invention includes a film made of 0.15 to 0.8 wt% of an LDPE having an Ml 0of 0.1 to 0.6 dg/min and
99.2 to 99.85 wt% of an LLDPE produced with a single- site catalyst comprising a metallocene and having a haze (HZ yq4p), dart im-
pact (Dligpe), MD-Tear (MDT 4p.), and a slice long chain branching index of at least 0.90 for any portion of the composition having a
molecular weight of 100,000 or above. The film has a haze, HZyicna, where HZyiena = a*HZyape, Whete a is 0.20 to 0.70; a dart impact,
Dlpiend, Whete Dlpieng = b*Dligpe, where b is 0.9 to 1.3; and an MD-Tear, MDTjend, Whete MDTyjena = ¢ ¥*MDT iape, Where ¢ is 0.8 to 1.1.
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POLYETHYLENE FILMS
FIELD OF THE INVENTION
S5 0081 The invention relates to films having improved haze performance made

10

20

from blends of fractional mell index low density polyathylene and a linsar low

density polyethylene produced using a single-site catalyst.

BACKGROUND OF THE INVENTION
10002} Folyethylens films are used in a wids range of products and applications
that generally fall into the calegories of packaging and non-packaging. Packaging
applications include food packaging, such as in-store produce bags and other
containers for food; non-food packaging applications such as those for supported
struciures such as gaylord boxes, or those for containing various materials such as
mulch bags, and other applications using stretch and shrink wrap films. Non-
packaging applications include trash bags, can liners, construction film, such as

vapor barriers in walls, and consumer products such as diapers.

0033} Physical properties important in polyethylene films include tear strength,
impact strength, tensile strength, stiffness and transparency. Overall film strength is
desirable so that the films may be emploved in applications without risk of physical
failure. Transparency is an important properly since it is desirable fo have the

flexibility to inspect items within a container without aciually opening it

10004} Polyethylene films have been produced using different types of polymers
to meet the demands of particular applications. Low density polyethylene (LDPE)
and linear low density polysthyiens (LLDPE) can be heat-sealed and have good
barrier characleristics.  In addition, LDPE paricularly excels in applications
demanding high clarity, ease of processing and high gloss. LLDPE is especially
useful for applications requiring tensile and impact strength properties. However,
blends of the two polvethyienes typically result in fiims with good optical properties
but poor physical properties, particularly for thin films.  Ziegler-Natia-based
LLDPE’s can typically achieve clarity with the addition of LDPE, but at the expense
of only modest strength levels, as svidenced, e.g., by dart impact measurements.
Compositions containing melallocene-based LLDPE’s blended with LDPE typically
achieve high clarity levels, but at a severe loss of strength properties. lf remains an

industry unmet nead for polvethylene films that combineg both high clarity and high
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strength properties.

LIRY, Various attemipts have been made o combine the favorable optical
properties of LDPE and good structural properties of LLDPEs. UL, Pat. Publ. No.
2008/0047077 discloses plastic films prepared by coexiruding a blend of 1510 4.5

(¥

wt% of a high pressure [ow density polysthylene having a mell index of 0.1 10 0.8
dg/min, and 95.5 {0 985 of a linear low densily polysthylene. US. Pal. No.
5,130,283 discloses a composition containing 1 to 3 wit% of an ethylene
homopolymer having a melf index of about 1 1o about 4 dg/min and 97 10 99 wi% of
a lingar ethyiene-alpha olefin copolymer. U.S. Patent No. 5,455,303 discloses films
13 made from a blend of a reacior-made material containing a linear low density
polyethylene and a C3-based material, with a low densily polyethylene having a
melt index of 0.2 to 20 dg/min. U.8. Patent No. 8,870,010 discloses g low density,
substantially linear polysthylene composition having a slice long chain branching
index of 0.85 or less for any portion of the composition having a molecular weight of
15  the 100,000 or above. U.B. Patent No. 6,800, 692 relates to polymer blends of
metaliccene-produced VLDPE having & densily iess than 0.816 gfem3 and LDPE.
Copending Application Serial number 12/655,427 relates to blends of LDPE and
LLDPE having a balance of optical and physical properties. However, a continuing
need exists for films having improved hare characteristics with minimal adverse
20 impact on impact propertias.,
SUMMARY OF THE INVENTION
13006} The invention relates to a film comprising a polymer blend of 0.15 10 0.8

wt% of an LDPE having an Ml of 0.1 to 0.6 dg/min; and 89.2 to 99.85 wi% of an

LLDPE produced with a single-site catalvst comprising a metallocene, and having a

b
(9]

haze (Hyge), dart impact (Diygs), MD-Tear (MDTysee), and a slice long chain
branching index of ai least .80 for any portion of the composilion having a
molecular weight of 106,000 or above. The film has a haze (HZueng}, 8 dart impact

(Dlena), and an MO-Tear (MDTeqq) satisfying the refationships:

the Héyieng = a8 HZupe, where a iz 0.20 10 0.70;
30 the Blogne = B*Dhigps, where b is (.8 10 1.3; and
the MDToieng = 6"MDTagpe, where ¢ is 0.8 o 1.1

BRIEF DESCRIPTION OF THE DRAWING

[0087] Figure 1 illustrates Slice Long Chain Branching Index as a function of
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Iog1G (Molecular Weight) for LLDPE-1, LLDPE-2Z, and Example 3.

DETAILED DESCRIPTION OF THE INVENTION
[B008] it has unexpectedly bsen found that films formed from a blend of a

finear low density polyethylene produced with a single-site catalyst, particualry a

(¥

metaliocene-based calalyst, and very low levels of a fractional melt index low
densily polvethylene provides significantly reduced haze with minimal adverse

affect on impact properties.

10609} The LDPE is preferably produced by either a tubular or autociave high-
pressure polymerization process and has a melt index (Mi) as measured by ASTM

10 D 1238, condition 180/2.16, of 0.1 to 0.8 dg/min, preferably from 0.1 to 0.4 dg/min,
and a density of 0.810 10 0.940 g/cm3.

0016 The LLDPE preferably has a density of 0.810 to 0.840 g/cm3, more
preferably from 0.910 o 0.8930 g/fom3 and an Ml from 0.2 to 10 dg/min, preferably
from 0.5 1o 5.0 dg/min., and is a copolymer of ethylene and a C4 to C8 aipha olefin,
15 where the alpha olefin is present in an amount sufficient to reduce the polyethylens
densily to the desired level, typically in an amount from about 2 wi% to about 12
wt%.
0011 The LLDPE is produced in a single-stage or muiti-stage process using a
single-site catalyst, particularly a metaliocene-based catalyst. When the catalyst is
26 a melaliccene-based catalyst, the metaliocene compond is preferably chosen from

the class of metaliocene compounds of formula (1)

where
M is zirconium, hafnium or titanium,
X are identical or different and are each, independently of one another,
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hydrogen or halogen or a group —R, —OR, —~0O80,CF;, ~OCOR, ~-3R, -
NR, or -PR;, where R is linear or branched Ci-Cye-alkyl, Cu-Cop-
cycloalkyl which may bear one or more C4-Cyg-alkyl radicals as
substituents, GCs-Cyearvl, Co-Cop-alkylaryl or Co-Cpparvialkyl and may
5 contain one or more heterocatoms from groups 13 — 17 of the Periodic
Table of the Elements or one of more unsaluraied bonds, with the two
radicals X also being able (o be joined o one anocther,
{ is a divalent bridging group selected from the group consisting of C-Cae-
altkylidene, Ca-Cop-cycloalkylidene, Cs-Cop-arviidene, CoCop-
10 atkylarylidene and Cr-Cop-arvialkylidens radicals which may contain
heteroatoms from groups 13 - 17 of the Periodic Table of the Elements
or is a silylidene group having up to 5 silicon atoms,
R" and R? are identical or different and are each, independently of one another,
hydrogen or lingar or branched C4-Cyp-alkyl or Cs-Cop-cycloaltkyl which
15 may bear one or more Cy-Cyp-alkyl radicals as substituents, Ca-Cop-aryl,
Cr-Cap-alkylaryl or Gr-Cyparylalkyl and may contain one or more
heteroatoms from groups 13~ 17 of the Periodic Table of the Elemenis
or one or more unsaturated bonds,
Tand T are divalent groups of the formulae (i), (I, IV}, (V), (VD or (Vil)

3

R R
MS o fﬁ* R5
5 5 \‘\
N o R N ”°
% ) ‘\:’?‘i\! / Rs
R 6 *
R 1
(i (i {IV)

M) (V1) (Vi

where the gtoms denoled by the symbols ¥ and ™ are in each case joined to
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the atomns of the compound of the formula (1) which are denoted by the same
symbol, and

R and R®  are identical or different and are each, independently of ong another,
hydrogen or halogen or linear or branched Cq-Cyealkyl or Cs-Cpp-
5 cycloalkyl which may bear one or more C-Cyg-alkyl radicals as
suhstituents, Ce-Cao-aryl, C7-Cuac-alkylaryl or Cr-Cuc-arylalkkyl and may
contain one or more hetercatoms from groups 13 — 17 of the Periodic
Table of the Elements or one or more unsaturaied bonds or two
radicals R” or R” and R° are jeined to one another fo form a saturated

10 or unsaiurated Cs-Cy ring.
0612} Among the metallocense compounds of the formula (1), particular

preference is given to those In which M is zirconium.

[0013] Furthermore, preference is given o metallocens compounds of the
formula {1} in which the substifuent R in the radicals X is a C1-C10-alkyl such as
15 methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-
hexyl, n-heptyl or n-octyl or C3-C20-cycloalkyl such as cyclopenivl or cyclohexyl
Preference is aiso given o metallocene compounds of the formula (1) in which the
two radicals X are joined to one another so as fo form a C4-C40-dienyt ligand, in
particular a 1,3-dienyl ligand, or an —OR'0—, group in which the substituent R is a
26 divalent group selected from the group consisting of C1-C40-alkylidene, C6-C40-
arylidene, C7-C40-alkylarvlidene and O7-C40-arvialkylidens. X is more preferably
a halogen atom or an -R or ~OR group, or the two radicals X form an ~-OR’0O-

group. Xis most preferably chioring or methyl,

{0014} In preferred metallocene compounds of the formuia {1}, the divalent group

b
(9]

L is g radical selected from the group consisling of the silyviidenes ~-8iMe2-, —
SiPh2—, —5iPhMe— and-SiMe(SiMed}- and the alkylidenas —CHZ—-, —{CH2)2—, —
{CH2)3— and -C{CH3)2—.

[3015] Preferred radicals R1 and R2 in the metallocene compounds of the
formula (1) are linear or branched C1-C10-alkyl, in particular a linear C1-C4-alkyl
30 group such as methyl, ethyl, n-propyl or n-butvi or a branched C3- or C4-alkyi
group such as isopropyl or tert-bulyl. in a parlicularly preferred embodiment, the
radicals R1 and R2 are identical and are, in particular, both methyl, ethyl or

isopropyl. In a further particularly preferred embodiment, R1 is a linear or branched

n
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C1-C10-alkyl group which is unbranched in the o posifion, in particular a linear C1-
C4-alkyl group such as methyi, ethyl, n-propyt or n-buiyl, and R2 is a C3-C10-alkyi
group which is branched in the « position, in particular a branched C3- or C4-alkyl

group such as isopropyl or teri-bubyl,

10616} In preferred metaliocene compounds of the formula (i), the radicals RS
are each hydrogen or 3 linear or branched C1-C10-alkyl group, in particular a C1-
Cd-aikyd group, such as maethyl, ethyl, n-propyi, Fpropyl or n-buty, or a €©3-C10-
cycloalkyl group, in particular C5-C8-cycloalkyl, such as cyclopentyl and cyclohexyl,
Co-Cl8-aryl, such as phenyl or naphthyl, and C7-C24-alkvlaryl, such as
methylphenyl, sthylphenyl, n-propylphenyl, i-propylphenyl, tbutyiphenyi,
dimethyviphenyl, disthyiphenyl, diilsopropylphenyi, ditertbutyiphenyl, trimethyiphanyl,
methyi-t-butyiphenyl, methylinaphthyl and dimethylnaphthyl, or where two adjacent

radicals RS may be joined {o form a b-7-membersad ring.

(8017} Furthermore, preference is given o metallocene compounds of the
formula (1) in which R® together with an adjacent radical R® forms a cyclic system, in
parficular, an unsaturated 8-membered ring, or R® is an aryl group of the formula
(X1,

X

where

R™  are identical or different and are each, independently of ong another,
hydrogen or halogen or linear or branched C-Cop-alkyl, Cs-Cop-cycloaikyi
which may bear one or more C-Cyp-alkyl radicals as substituents, Ce-Cyhyo-
aryl, Cr-Copalkylaryl or Cy-Cyp-arvlalkyl and may contain one or more
heterogtoms from groups 13 - 17 of the Periodic Table of the Elements or
one or more unsaturated bonds, or two radicals R'' may be joined to form an
unsaturated Cx-Cyo ring,

with preference being given to R being a hydrogen atom, and

6

PCT/US2012/024149
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R'= is hydrogen or halogen or linear or branched G4-Cyp-atkyi, Ts-Cog-cycloalky!
which may bear one or more C,-Cye-alkyl radicals as substituents, Cg-Cpo-
aryl, Cr-Cop-alkyiaryl or Cr-Cxp-arvialkyl and may contain one or mors
heteroatoms from groups 13 - 17 of the Periodic Table of the Elements or
one of more unsaturated bonds,
with preference being given to R' being a branched alkyl group of the
formula —C(R'%)s, where

R  are identical or different and are each, independently of one another, a linear
or branched C+-Ce-alkyl group or two or three radicals R" are joined to form
ong of more ring systems.

[0018] Typically, at least one of the groups T and T' is substituted by a radical R®

of the formula (X1). Preferably, both groups T and T are substituted by such a

radical. More preferably, al least one of the groups T and T is a group of the

formula (IV) which is substituted by a radical R® of the formula (Xi) and the other
having either the formula (i) or (V) and likewise being substituted by a radical R® of
the formula (V). In particular, such metallocene compounds have the formula

(X

(h

[B019] Particularly useful metallocene compounds and processes for preparing
them are described, for example, in WO 01/48034 and WO 03/045064.

10028} The metaliocene compounds of the formuia (1) are preferably used in
the rac or pseudo-rac form; the term pseudo-rac form refers to complexes in which

the two groups T and T are in the rac arrangement relative 1o one ancther when all

PCT/US2012/024149
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other substituents of the complex are disregarded.
16021} It is also possible to use mbdures of various meialiocene compounds.

10

[6622] The comonomer of the LLDPE is preferably selected from 1-bulene, 1-
peniane, 1-hexene, 4-methyl-1-penteneg, 1-heplene or 1-oclene. More preferably,
the comonomer is sseiected from 1-bulens, 1-hexene or 1-octene. Most prefarably,

the comonomer is 1-butene or 1-hexene.

10623} A pariicular class of single-sile catalysts suitable for this invention is that
chosen from a hybrid catalyst composition comprising at Isast two different single-
site polymerization catalysts {A} and (B}, where (A} is al least one metaliocens
polymerization catalyst, and where (B} is at least one polymerization catalyst based

on a fransition metal complex.

Hybrid Calalyst component (A}

10024} Single-site polymerization catalyst (A) is preferably based on hafnocene
catalyst components and includes cyclopentadienyl complexes. The
cyclepentadieny! complexes can include bridged or unbridged biscyclopentadienyl
complexes as described, for example, in EP 129 368, EP 561 479, EP 545 304 and
EP 576 970, monocyclopantadienyl complexes such as bridged
amidocyclopentadienyl complexes described, for example, in EP 416 815,
multinuciear cyclopentadienyi complexes as described in EP 632 063, pi-ligand-
substifuted tetrahydropenialenss as described in EP 858738 or piligand-
substituled tetrahydroindenes as described in EP 861 300.

[0025] Particularly suitable hafnocenes (A) are hafium complexes of the

general formuia (1)

where the substituents and indices have the following meanings:

xE is fluoring, chloring, broming, iodineg, hydrogen, C-Cip-alkyl, Tx-Crp-alkenyl,
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Ce-Cqs-arvl, alkylaryl having from 1 to 10 carbon aloms in the alkyl part and
from 6 to 20 carbon atoms in the aryl part, -OR®® or -NRR'® or two
radicals X® form a substituted or unsubstituted diene Hgand, in particular a
1,3-diene ligand, and the radicals X8 are identical or different and may be
&) joined to one another,
E'".E" are each carbon or not more than one E'® o E® is phosphorus or nitrogen,
preferably carbon,
i is 1, 2 or 3 and is, depending on the valence of Hi, such that the metallocene
complex of the general formula (V1) is uncharged,
16 where
R and R™® are each C+-Cro-alkyl, Ce-Crs-aryl, alkylaryl, arvlalkyl, fluoroalkyl or
fluoroaryl each having from 1 to 10 carbon atoms in the alkyl part and
from 6 to 20 carbon aloms in the aryl part and
R® 10 R*®  are each, independently of one another hydrogen, Ci-Cor-alkyl, 5- to
15 7-membered cycloalkyl or cycloatkenyl which may in tum bear C4-Coo-
alkyl groups as substituents, Co-Cos-alkenyl, Ce-Coo-aryl, arylalkyl
having from 110 16 carbon aloms in the alkyl part and from 6 fo 21
carbon atorns in the aryl part, NR%;, N(SIR™,),, OR®, OSIR™,,
SiR%,, where the organic radicals R'®-R"® may also be substituted by
20 halogens andfor two radicals R'%-R® in particular vicinal radicals,
may also be joined o form a five-, six- or seven-mambered ring,
and/or two vicinal radicals R'%-R%™ may be joined to form a five-, six-
or seven-membered heterocycle containing at least one alom from
the group consisting of N, P, O and S, whers
75 the radicals R% can be identical or different and can each be C1-Crg-aikyl, Ca-Cog~
cycloatiyl, Ce-Crs-arvl, C1-Co-alkoxy or Ce-Cop-aryloxy and

zB 5 xPor

where the radicals R"’

R to R"®  are each, independently of one another, hydrogen, C-Cyp-alkyl, 5- to
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7-membered cycloalkyt or cycloatkenyl which may in tum bear C4-Coo-
alkyl groups as substituents, Cr-Coz-alkenyl, Ce-Cop-aryl, arylatkyl
having from 1 10 16 carbon atoms in the alkyl part and 6-21 carbon
atoms in the aryl part, NR'%;, N(SIR™E,);, OR™E, OSIR™E,, SiRME,,
5 where the organic radicals R™-R"® may aiso be substituted by
halogens andfor two radicals R*®-R"®, in particular vicinal radicals,
may also be joined o form a five-~, six~ or seven-membered ring,
and/or two vicinal radicals R*-R"*® may be jpined to form a five-, six-
or seven-membered heterocycle containing at least one atom from
10 the group consisting of N, P, O and 8, whers
the radicals R™® are identical or different and are each C-Cig-alkyl, Ca-Cag-
cycloalkyl, Cs-Cag-aryl, Ci-Cu-alkoxy or Cs-Cog-aryioxy,
EOR. g8 are each carbon or not more than one E® to E'® is phosphorus or
nitrogen, preferably carbon,
15  orwhere the radicals R*® and Z'® together form an -R"°®-A"™- group, where

R'%% i

R'IGB R‘nﬁb R‘nSE) R‘IGB R‘ISB
fx[/z?B P\i:‘EZB r\iﬁds ?&25 (!:u——u
FLWB FL‘I?B R‘::’JE’ F‘%WB éﬁ)B
R“IEB R‘iGB R'SB R‘ISB
it S 5\3/325 e : é fi‘

R‘:?E i‘t?ﬁ iﬂ’ﬁ ;198
R‘iﬁB R18E§ RQOB Riﬁb R‘ié’xB RQOB

a‘: }3 zlz , rjﬁzs rjﬁﬁ rjﬁm

FL‘]T’B FL'IQB RZ‘]B H 78 F-EQ‘.ESB F-EQ‘ZEB

i
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= BR'®® = BNR'®R'® = AIR'®, -Ge-, -Sn-, -O-, -8-, = 80, = 80,, = NR'®,

= CO, = PR or = P(OR'®,

where

R™E.RY®  are identical or different and are each a hydrogen atom, a halogen

5 atomn, a trimethvisilyl group, a C-Cqg-alkyi group, a C-Cyp-fluoroatkyl

group, a Ce-Cop-fluoroarvt group, a Cs-Cro-aryl group, a C4-Cro-alkoxy
group, a Cr-Crs-alkylaryloxy group, a Co-Cig-alkenyl group, a C7-Cap-
arylalkyl group, a Ce-Cyp-arvialkenyl group or a Cr-Cyg-alkylaryl group

or two adjacent radicals together with the atoms connecting them

10 form a saturated or unsaturated ring having from 4 o 15 carbon
atoms, and
MM are each silicon, germanium or tin, or preferably silicon,
p \ ) an a2
AIB — & — E- ) NR::Z , pRZ.{.B, :01 =5, :NRLhB, »»»»»»» O
~ —
e Q2B
15
— NR*®, __ PR*, or an unsubstituted, substituted or fused,

haterocyclic ring system, where
the radicals R*® are each, independenily of one ancther, C+-Cqg-alkyl, Ce-Cos-aryl,
Cs-Cop-oycinalkyl, Cr-Crg-alkylaryl or SI{RZE);,
20 ROF is hydrogen, C+Cag-alkyl, Ca-Crs-aryl which may in turn bear C+-Cs-
alkyl groups as substituents or Cs-Cro-cycloallod,
¥ is 1 or when A'® is an unsubstituted, substituted or fused, heterocyclic
ring systermn may also be 0
or where the radicals R*® and R together form an -R"*"~ group.

25 190261 A'® can, for example together with the bridge R™, form an amine, ether,
thivether or phosphine. However, A'® can also be an unsubstiiuted, substituted or
fused, heterocyclic aromatic ring system which can contain hetsrogtoms from the
group consisling of oxygen, sulfur, nitrogen and phosphorus in addition to ring
carbons. Examples of 5-membered heteroaryl groups which can contain from one

36 o four nifrogen atoms and/or a sulfur or oxvgen atom as ring members in addition
fo carbon atoms are 2-furyl, Z-thienvil, 2-pyrrolyl, 3-isoxazolyl, S-isoxazolyl, 3-

isothiazolyl, bS-isothiazolyl, 1-pyrazolyl, 3-pyrazoiyl, 5S-pyrazelyl, 2-oxazolyl, 4-

i
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oxazolyl, 5-oxazolyl, 2-thiazolyl, 4-thiazolyl, &-thiazolyl, Z-imidazolyl, 4-imidazoiyl, 5-
imidazolyl, 1,2 4-oxadigzol-3-yl, 1,2 4-oxadiazol-5-vl, 1,34-oxadiazol-2-yl and
1,2, 4-triazol-3-yl.  Examples of 6-membered heleroaryl groups which may contain
from one to four nilrogen atoms and/or a phosphorus atom are 2-pyridinyl, 2-
5 phosphabenzenyl, 3-pyridaziny, Z-pyrimidinyl, 4-pyrimidinyl, 2-pyrazinyl, 1,3.5-
triazin-2-yl and 1,2 4-trfazin-3-yi, 1,2 4-triazin-5-yl and 1,2 4-triazin-8-yl. The 5-
memberad and 6-membsred helercaryl groups may also be subslifuied by Ci-Cae-
alkyl, Ce-Chg-aryl, alkylary! having from 1 {o 10 carbon atoms in the alkyl part and 6-
10 carbon atoms in the aryl part, trialkyisilyl or halogens such as fluorine, chilorine
10 or bromine or be fused with one or more aromatics or heteroaromatics. Examples
of benzo-fused 5S-membered heleroaryl groups are 2-indoiyl, 7-indolyl, 2-
cournaronyl, 7-couraronyl, 2-thionaphthenyl, 7-thionaphthenyl, 3-indazolyl, 7-
indazolyl, 2-benzimidazolyl and 7-benzimidazolyl. Examples of benzo-fused 6-
membered helercaryl groups are 2Z-quinolyi, 8-quinolyl, 3-cinnolyl, 8-cinnolyi, 1-
15  phthalazyl, 2-quinazoiyl, 4-quinazolvi, 8-quinazolyl, S5-guinoxalyl, 4-acridvi, 1-
phenanthridyl and 1-phenazyl. Naming and numbering of the heterccydles has
been taken from L.Fieser and M. Fieser, Lehrbuch der organischen Chernie, 3%

revised edition, Verlag Chemis, Weinheim 1957,

10027} The radicals XB in the general formula (1) are preferably identical, and
26 preferably are selecied from flucrine, chiorine, bromine, C1-C7-alkyl or aralkyl, in

particular chiorine, methyvi or benzyl.

10028] The synthesis of such complexes can be carried out by methods known
per se, with the reaction of the appropriately substituted cyclic hydrocarbon anions

with halides of hafnium being preferred. Examples of appropriate preparative

b
(9]

methods are described, for example, in Journal of Organometallic Chemistry, 360
{1989}, 358-370.

10629] The hafnocenes can be used in the Rac or pseudo-Rac form. The term
pseudo-Rac refers to complexes in which the two cyclopentadieny! ligands are in
the Rac arrangement relative 1o one another when all other substituents of the

30 complex are disregarded. Typical hafnocenes (4) include
[0629] methvienebis{cyciopentadienyiihainium dichioride, methylenebis(3-
methylcyclopentadienybhafnium dichloride, methviensbis(3-n-

butyloyclopentadienyhhatnium dichloride, methylenebis{(indenylihainium dichioride,
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methvleneabis(tetrahydroindenyl) hafnium dichioride,
isopropylidenebis(cyclopentadienylhafnium dichloride, isopropylidensabis(3-
trimethyisilylcyclopentadienyiihatnium dichloride, isopropylidensbis(3-
methylcyclopentadienyihafnium dichloride, isopropylidenebis{3-n-
butyleyclopentadienyhhainium dichloride, isopropylidenebis(3-
phenylcyclopentadienyiihafnium dichloride, isopropylidenebis(indenyhafnium
dichioride, isopropylidenabis(letrahydroindenylhafnium dichioride,
dimethyisiianedivibis{cyclopentadienylihafnium dichloride,
dimethylsilanedivibis(indenylthafnium dichloride,
dimsthyisilanediyibis{fetrahydroindenyl}hafnium dichioride,
ethylensbis{cyciopentadienybhafnium dichioride, ethylenebis{indenvihafhium
dichioride, ethylenebis(tetrahydroindenybhafnium dichloride, tetramethylethylene-9-
fluorenylcyclopentadienylhafnium dichloride,
dimethyisilanadiyibis(tetramethyleyciopentadienylihafnium dichloride,
dimethyvisilanedivibis(3-trimethylsilvicyciopentadienylhafnium dichloride,
dimethyisilanedivibis(3-methylcyclopentadienyhhafnium dichioride,
dimethvisilanedivibis(3-n-butyvicyclopentadienyhhafnium dichloride,
dimethvisilanedivibis(3-tert-butyl-5-methvicyclopentadienyhhatnium dichlorids,
dimethyisiianediyibis{3-tert-bulyl-G-ethvicyclopentadienyl thafnium dichloride,
dimethyisilanaedivibis{Z-methylindenybhafnium dichloride, dimsthyisilanedivibis{2-
isopropylindenyhhafnium dichloride, dimethyisilanediylbis{2-tert-
butylindenyiihafnium dichloride, diethyisilanedivibis(Z2-methylindenylihafnium
dibromide, dimethylsilanedivibis(3-methyl-5-methvicyclopentadienyithafnium
dichioride, dimethylsilanedivibis(G-ethyl-S-isopropyicyciopeniadienybhafnium
dichloride, dimethylsilanediyibis{Z-ethyiindenylihafnium dichloride,
dimethyisilanediylbis(Z-methyl-4,5-benzindenyihainium dichioride,
dimethyizsilanedivibis{Z-ethyl-4,5-benzindenybihaium dichloride,
methylphenylsilanadiybis{2-ethyl-4,5-benzindenylihafnium dichioride,
diphenyisilanedivibis(2-methyl-4,5-benzindenyhhafnium dichloride,
diphenyisilanedivibis(2-ethyl-4,5-benzindenyhhafium dichloride,
diphenyisiianedivibis{2-methylindenybhafnium dichloride, dimethylsilanadivibis{2-
methylk4-phenyiindenylihafium dichloride, dimethyisilanediylbis{Z-ethyl-4-
phenylindenybhafnium dichloride, dimethylsilanediyibis(Z2-methyl-4-(1-
naphihyilindenvhhatium dichloride, dimethylsilanedivibis{Z-aethyl-4-{1-
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naphihyllindenybhafnium dichioride, dimethylsilanedivibis(2-propyl-4-(8-
phenanthryllindenyhhafnium dichloride, dimethyisiianedivibis(2-methyl-4-
isopropylindenyi}hafnium dichioride, dimethylsilanediyibis(2,7-dimethyl-4-
isopropylindenyihafnium dichioride, dimethyisilanediyibis(2-methyl-4,6-

5 diisopropylindenyithafnium dichloride, dimethylsilanediyibis{Z-methyl-4{p-
irifluoromethyiphenyllindenyiihafnium dichioride, dimethylsianadivibis(Z-methyl-4-
{35 -dimethylphenyllindenyhhainium dichloride, dimethyisilanedivibis{(2-meathyl-4-
{4'-tert-butyiphenyliindenyiihafnium dichloride, disthyisilanediylbis{(Z-methyl-4-{4’-
tert-butylphenvliindenyhhafnium dichloride, dimethylisilanedivibis{Z-ethyl-4-[4'-tert-

16 butviphenvllindenyithafnium dichloride, dimethyisilanedivibis{Z-propyl-4-{4’-teri-
butylphenylindenyithafnium dichioride, dimsthyisilanedivibis{Z-isopropyl-4-{4’-tert-
butylphenylindenyhhafnium dichloride, dimethyisilanedivibis(Z-n-butyl-4-[4’-tert-
butylphenyliindenyihafnium dichloride, dimethylsilanadiyibis(2-hexyl-4-[4’-tert-
butylphenyliindenylhafnium dichloride, dimethylsilanedivi(2-isopropyl-4-(1-

15 naphthyllindenyi}(2-methyl-4-{1-naphthyllindenvijhafium dichloride,
dimethyisilanedivl{Z2-isopropyi-4-[4’-tert-butyiphenyilindenyl{2-methyi-4-[1-
naphthyllindenybhatnium dichloride and sthylene(2-isopropyi-4-[4'-tert-
butylphenyliindenyl}(2-methyl-4-[4 -teri-butylphenyilindenyhhafium dichioride, and
also the corresponding dimethylhafnium, monochioromono{alkylaryloxythafmium

20 and di(alkylaryioxylhafnium compounds. The complexes can be used in the rac

form, the meso form or as mixtures of the two.

{0636} Among the hafnocenes of the general formula (1), those of the formula (i)

are preferred.

2 where

o
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xB is fluorine, chiorine, bromine, C,-Cy-alky! or benzyl, or two radicals X°
form a substituted or unsubstituted butadiene ligand,

i is 1 or 2, preferably 2,

R*® 10 R®™  are each hydrogen, C:-Cg-alkyl, Ce-Caaryl, NR®,, OSIR®; or SR,

and

R*® 10 R"®  are each hydrogen, C+-Cg-alkyl or Ce-Co-aryl, NR'™P,, OSIR™®; or

Si(R‘!AB)S

or in each case two radicals R'® to R*® and/or R*® to R"*P together with the Cs ring

form an indenyi, fluoreny! or substituted indeny! or flucrenyl system.

Preferably, in the hafnocenes of the formula (i), the cyclopentadienyl
radicals are identical. More preferably, the hafnocenes of formula (i) are selected
from
bis{cyclopentadienybhafium dichloride, bis{indenylhafnium dichloride,
bis{fluorenyiihatnium dichloride, bis(tetrahydroindenylihafnium dichioride,
bis{pentamethylcyclopentadienylhafnium dichioride,
bis{trimethyisilvicyclopentadienyiihafnium dichioride,
bis{irimethoxysilvicyclopentadienyhhafnium dichloride,
bis{ethyicyclopentadienyhhafnium dichioride, bis{isobutyicyclopentadienylyhafnium
dichioride, bis{3-butenvicyclopentadienyhhafnium dichloride,
bis{methylcyclopentadienyhhafnium dichloride, bis{1,3-di-terl-
butylcyclopentadignylihafnium dichloride,
bis{trifluoromethyicyclopentadienyllhafnium dichloride, bis(lert-
butyloyclopentadienyiihafnium dichloride, bis(n-butyloyclopentadienylihafnium
dichioride, bis(phenvicyclopentadienylhaiium dichloride, bis{N,N-
dimethylaminomethyicyclopentadienyhihaiium dichioride, bis{1,3-
dimethyicyclopentadienylihafnium dichloride, bis{1-n-butyl-3-
methyleyclopentadienybhafnium dichioride,
{cyclopentadieny{methyvicyclopentadienyhhafnium dichioride,
{cyclopentadienyl}{n-butylcyclopentadienyhhafnium dichloride,
{methyleyclopentadienyl}{n-butylcyclopentadienyhafnium dichloride,
{cyclopentadienyhi{ t~-methyl-3-n-butvicyclopemtadienyhhatnium dichloride,
bis{tetramethylcyclopentadienylyhafnium dichloride and also the corresponding
dimethylhafnium compounds.

[0031] Hafnocene compounds also include those in which one or two of the
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chloride ligands have been replaced by bromide or iodide.

Hybrid Catalyst Componant (B)

{0032} Single site catalvst component (B} is an iron calalyst complex of the

general formulae (Hia), with at lsast one ligand,

(Tfa)

wharein the variables F and G, independently of one ancther, are selected from

the group consisting of:

RA RA
RA A RA
N . N| o Ne N N €
\{(/ g \{(/’ \RL )

where preferably, at least one of F and & is an enamine or imino radical
selected from the said group, provided that when F is imino, G is imino, with G and
10 F each bearing at least one aryl radical, and each bearing a halogsn or a tert. alkyl
substituent in the ortho-position, together giving rise to the tridentate ligand of
formula Ha. More preferably, at least one of F or G are an enamine radical. When
both F and G are imino, G, F each bear at least one, preferably precisely one, ary!
radical with each said aryl radical bearing at least one halogen or at [east one tert.
15 alkyl substituent, preferably precisely one halogen or one tert.ailkyl, in the ortho-
position,
and

R'C.R* are each, independently of one another, hydrogen Cy-Caz-alkyl, Co-

i6
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Cop-alkenyl, Ca-Cypraryl, alkylaryt having from 1 o 10 carbon atoms in
the alkyl part and 6-20 carbon atoms in the aryl part, halogen, NR'#%,,
OR™C SR, where the organic radicals R'“-R*° may also be
substituted by halogens and/or two vicinal radicals R'%-R*C may also
be joined to form a five-, six- or seven-membered ring, andfor two
vicinal radicals R'“-R* are joined to form a five-, six- or seven-
memberad heterocycle containing at Isast one atom from the group
consisting of N, P, O and §,

R*R"  independently of one another denote hydrogen, C-Cag-alkyl, Ca-Cao-
alkenyl, Ce~Cop-aryl, arvialkyl having 1 to 10 © atoms in the alkyl
radical and 6 to 20 C atomns in the arvl radical, or SiR'%;, wherein the
organic radicals R R® can also be substituted by halogens, and/or in
gach case two radicals R R® can also be bonded with one another to
form a five- or six-membered ring,

RYR°  independently of one another denote hydrogen, Ci-Cag-alkyl, To-Coo-
alkenyl, Ce-Cop-aryl, arylalkyl having 1 to 10 C atoms in the alkyl
radical and 6 to 20 C atoms in the aryl radical, or SIR™%;, wherein the
organic radicals R%,R" can also be substituted by halogens, and/or in
each case two radicals RC,RD can also be bonded with one ancther {o
form g five- or six-membaered ring,

E© is nitrogen or phosphorus, in particular nitrogen,

EZC.E are each, independently of one another, carbon, nitrogen or
phosphorus, in particular carbon,

i is 0 when E?°-E* ig nitrogen or phosphorus and is 1 when E*°-E*C ig

carbomn,

and wherein the radicals R"BC, RJ’QC, X® are defined in and for formula ila above

identically as given for formula i below,

D is an uncharged donor and
$ is 1,2, 3or4,
{ is0to4.

Preferably, (B) is of formula (1)

~3
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(Fh

(9]

wherein the variables have the foilowing meanings:
E'C s nitrogen or phosphorus, in particular nitrogen,
BB are each, independently of one another, carbon, nitrogen or phosphorus, in
10 particuiar carbon,
R'°-R* are each, independently of one another, hydrogen C-Cap-alkyl, Co-Coo-
alkenyi, Ce-Cpp-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl

19C
37

part and 8-20 carbon atoms in the aryl part, halogen, NR',, OR"C iR
where the organic radicals R'“-R*" may also be substituted by halogens

15 and/or fwo vicinal radicals R'“-R* may also be joined to form a five-, six- ar
seven-membered ring, and/or two vicinal radicals R'C-R¥* are joined o form
a five-, six- or seven-membered heterocycle containing at least one alom
from the group consisting of N, P, O and 5,

R*-R7® are each, independently of one another, hydrogen, C-Cag-atkyl, C2-Coy-

20 alkenyi, Ce-Cop-aryl, alkylaryl having from 1 o 10 carbon atoms in the alkyl
part and 8-20 carbon atoms in the aryl part, NR'®%,, SIR"®%;, where the
organic radicals R*%-R’° may aiso be substituted by halogens and/or two
gerninal or vicinal radicals R*“-R’ may also be joined to form s five-, six- or
seven-membered ring, and/or two geminal or vicinal radicals R*°-R™ are

25 joined to form a five-, six- or seven-membered heterocycle containing at
least one atom from the group consisting of N, P, O and §, and when vis G,

R ig a bond to L'C and/or R™" is a bond to L*° so that L' forms a double

i8
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bond to the carbon atom bearing R* and/or L*° forms a double bond to the
carbon atom bearing R,

is 0 when E*C-E* is nitrogen or phosphorus and is 1 when E“°-E*C is carbon,

1212 are each, independently of one another, nitrogen or phosphorus, in

particular nitrogen,

“
1

RE-R"C are each, independently of one another, hydrogen, C1~Cag-alkyl, Co-Cag-

alkenyt, Ce-Caz-aryl, alkylaryl having from 1 o 10 carbon atoms in the alkyl
part and 6-20 carbon atoms in the aryl part, halogen, NR1882, Oﬁmc, SiRWQCg,
where the organic radicals R*-R""® may also be substituted by halogens
and/or two vicinal radicals R*“-R"® may also be joined to form a five-, s or
seven-membered ring, and/or two vicinal radicals R®°-R"" are joined to form
a five-, six- or seven-membered helerocycle containing at least one atom
from the group consisting of N, P, Q and S, and with the proviso that at least

R and R'°C are halogen or a tert. C+-Cpg-alkyl group,

R'C.RC are each, independently of one another, hydrogen, CCog-alkyl, Co-Cos-

alkenvt, Ce-Cx-aryl, alkylary! having from 1 to 10 carbon atoms in the alkyl
part and 6-20 carbon atoms in the aryl part, halogen, NR'%;, OR'®¢ IR,
where the organic radicals R'™“-R""° may also be substituted by halogens

andfor two vicinal radicals R"-R'C

may also be joined o form a five-, six- or
seven-membered ring, and/or two vicinal radicals R*-RY° are joined to form
a five-, six- or sgven-mamberad heterocycle containing atf least one atom

from the group consisting of N, P, O and 5,

the indices v are each, independently of one ancther, D or 1,

the radicals X°© are gach, independently of one another, fluorine, chlorine,

bromine, iodine, hydrogen, C1-Chp-alkyl, Co-Chp-alkkenyi, Ce-Cro-aryl, alkylaryl
having 1-10 carbon atoms in the alkyl part and 6-20 carbon atoms in the aryt
part, NR'5%,, OR™", s8R s0;R"®°, OC(OR™, TN, SCN, p-diketonate,
CO, BF4 , PFs or a bulky noncoordinating anion and the radicals X may

be joined 1o one another,

the radicals R'®° are each, independently of one ancther, hydrogen, C-Cog-aliedt,

Co-Cop-atkenvl, Ce-Cop-aryl, alkylaryl having from 1 to 10 carbon gtoms in the
alkyl part and 6-20 carbon atoms in the aryl part, SIR'%%;, where the organic

18C

radicals R™ may also be substituted by halogens or nitrogen- and oxygen-

containing groups and two radicals R'® may also be joined to form a five- or

io

PCT/US2012/024149



WO 2012/109246 PCT/US2012/024149

six-membered ring,
the radicals R"" are each, independently of one another, hydrogen, Ci-Cyp-alkyl,
Co-Cop-atkenyl, Ce-Cop-aryl, alkylaryl having from 1 to 10 carbon atoms in the
alkyl part and 6-20 carbon atoms in the aryl part, where the organic radicals
5 R may aiso be substituted by halogens or nitrogen- and oxygen-
containing groups and two radicals R'°® may also be joined io form a five- or

six-membered ring,

8 is 1,2, 3ord, in particular 2 or 3,
D is an uncharged donor and
106t is from O to 4, in parlicular 0, 1 or 2.

10633} The three atoms E2C to BE4C in a molecule can be identical or different.
if £E1C is phosphorus, then E2C to E4C are preferably each carbon. i E1C is
nitrogen, then E2C o E4C are each preferably nifrogen or carbon, in particular

carbon.

15 [0034] The substituents R1C-R3C and R8C-R17C can be varied within a wide
range. Possible carboorganic substituents R1C-R3C and R8C-R17C are, for
example, the following: C1-C22-alkyl which may be linear or branched, e.g. methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, fert-butyl, n-pentyl, n-hexyl, n-heptyl, n-
ootyl, n-nonyl, n-decyl or n-dodecyl, 5- to 7-membered cycloalky! which may in tum

26 bear & C1-C10-alkyl group and/or Co6-Cid-aryl group as subsiifuenis, e.g.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyeloocivl, eyclononyl
or cyclododecyl, C2-C22-alkeny! which may be linear, cyclic or branched and in
which the double bond may be internal or lerminal, e.g. vinyl, 1-aliyl, Z-allyl, 3-allyl,

butenyl, penienyl, hexenyl, cyclopenienyl, cyclohexenyl, cyciooctsnyl or

o]
(9]

cyclooctadienyl, C6-C22-aryl which may be substituted by further alkyl groups, e.g.
phenyl, naphthyl, biphenyl, anthranyl, o-, m-, p-methylphenvi, 2,3-, 2.4-, 2,5- or 2,6~
dimethyiphenyi, 2,34-, 2,3,5-, 2,3,6-, 245, 24,6- or 3,4,5-tnimethyiphenyl, or
arylalkyt which may be substituted by further alkyl groups, e.g. benzyl, o-, m-, p-
methyibenzyl, 1- or Z-ethyiphenyl, where two radicals R1C to R3C and/or two
30 vicinal radicals R8C-R17C may also be joined to form a 5-, 6- or 7-membered ring
and/or two of the vicinal radicals R'“-R’" andfor two of the vicinal radicals R*.R"®
may be joined to form a five-, six- or seven-membered heterocycle containing at
least one atom from the group consisting of N, P, O and 5 and/or the organic

radicals R'“-R* andfor R*-R'"" may also be substituted by halogens such as

20
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fluorine, chiorine or bromine. Furthermore, R'C-R* and R®-R'" can also be
amino NR™C, or N(SIR™%;),, atkoxy or aryloxy OR'®, for example dimethylamino,
N-pyrrolidinyl, picolinyl, methoxy, ethoxy or isopropoxy or halogen such as fluorine,
chiotine or bromine. Possible radicals R™" in organosilicon substituents SR,
are the same carboorganic radicais as have been described above for R1CwR3C’,
where two R may also be joined fo form a 5- or S-membered ring, e.g.
trimethyisiiyl, tiethyisilyl, bulyldimethyisilyl, iributyisityl, tri-tert-butylsityl, trialiyisilyl,
triphenylsilyl or dimethyiphenylsilyl. These SiR'°%; radicals may also be bound to
E“°.E* via an oxygen or nitrogen, for example frimethylsilyloxy, triethylsilyloxy,

butyldimethylsiivloxy, tributyisitvloxy or tri-tert-buivisilyvloxy.

[0035] Preferred radicals R'®-R3C are hydrogen, methyl, trifluoromethyl, ethyl,
n-propyl, isopropyl, n-butyl, iscbutyl, tert-butyl, n-peniyl, n-hexyl, n-haptyl, n-octyl,
vinyl, aliyl, benzvl, phenyl, ortho-dialkyl- or -dichloro-substituted phenyls, irialkyl- or
frichloro-substituted phenyls, naphthyl, biphenyl and anthranyl.  Particularly
preferred organosilicon substituents are trialkylsilyl groups having from 1 to 10

carbon atoms in the alky! radical, in particular trimethyisiiyl groups.

[0036] Preferred radicals R12C-R17C are hydrogen, methyl, triflucromethyi,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, fert-butyl, n-pentyl, n-hexyl, n-heptyl, n-
octyl, vinyl, allyl, benzyl, phenyl, fluoring, chioring and bromine, in particular
hydrogen. In particular, R13C and R160 are each methyl, trifluoromethyt, ethyl, n-
propyl, isopropyl, n-butyl, iscbuivl, tert-bulyl, n-pentyl, n-hexyl, n-hepiyl, n-ociyl,
vinyl, allyl, benzyl, phenyl, Ruorine, chlorine or bromine and R12C, R14C, R15C
and R17C are each hydrogen.

{06037} Preferred radicals RSC and R1MC are hydrogen, methyl, triflucromethyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-hepty, n-
octyl, vinvl, alivl, benzyl, phenyl, fluorine, chilorine and bromine. In particular, REBC
and R10C are preferably a halogen such as fluorine, chiorine or bromine,
particularly chiorine and ROC and R11C are each a C1-C22-alkyl which may also
be substituled by halogens, in particular a C1-C22-n-alkyl which may also be
substituted by halogens, e.g. methyl, trifluoromethyl, ethyl, n-propyl, n-butyl, n-
peniyl, n-hexvl, n-heptyl, n-octyl, vinyl, or a haicgen such as fluorine, chiorine or
bromine. In another preferred combination R8C and R10C are a tertiary C1-C22-
altkyl radical, particularly tert. butyl and R8C and R11C are each hydrogen or a

21
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halogen such as fiuorine, chiorine or bromine.

13038} v particular, R12C, R14C, R15C and R17C are identical, R13C and
R16C are identical, RBC and RMMC are identical and R8C and R10C are identical.

This is also preferred in the preferred embodiments described above.

S {0039 The substiluenis R4C-R7C, oo, can be varied within & wide rangs.
FPossible carboorganic substituents R4AC-R7C are, for example, the following: C1-
C22-alkyl which may be linear or branched, e.g. meathyl, sihyl, n-propyl, isopropyl,
n-butyl, isobutyl, tert-butyl, n-peniyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-
dodecyl, 5- to 7-membered cycloallkyl which may in turn bear a C1-C10-alkyl group

10 and/or C8-C10-aryl group as substituent, e.g. cyclopropyl, cyciobutyl, cyciopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl or cyclododecyl, C2-C22-alkenyl
which may be linear, cyclic or branched and in which the double bond may be
internal or terminal, e.g. vinyl, t-allyl, 2-allyl, 3-aliyl, butenyl, pentenyl, hexemny,
cyclopentenyl, cyclchexenyl, cyclooctenyl or cyclooctadienyl, C8-C22-aryl which

15  may be subsiituted by further alkyi groups, e.g. phenyl, naphthyl, biphanyl,
anthranyl, o-, m-, p-methylphenyl, 2,3-, 2,4-, 2,5- or 2 6-dimethylphenyl, 2,3,4-,
2,35, 2,36-, 24,5, 24.6- or 34,5-trimethylphenyl, or arylalkyl, where the arylalkyl
may be substituted by further alkyl groups, e.g. benzyl, o-, m-, p-methyibenzyl, 1-or
2-ethyiphenyl, where two radicais R4C to R7C may also be joined fo form a 5-, 6-

26 or 7-membered ring and/or two geminal radicals R4C-R7C may be joined to form a
five-, six- or seven-membered heterocycle containing at least one atom from the
group consisting of N, B, O and 8§ and/or the organic radicals R4C-R7C may also
be substituted by halogens such as fluoring, chiorine or bromine. Furthermore,
R4C-R7C may be amino NR18C2 or N{SIR19C332, for example dimethylamino, N-

pyrrolidinyl or picolinyl.  Possible radicals R18C in organosilicone substituents

b
(9]

SIR19C3 are the same carboorganic radicals as have been described above for
R1C-R3C, where two R180C may alse be joined to formt a 5- or 8-membered ring,
e.g. timethylsilyl, triethyisityl, butyldimethvisiiyl, tibulylsityl,  tri-tert-butlyisityl,
trialiylsityl, triphenylsiiyl or dimethyliphenyisilyl. These SIR19C3 radicals can also be
30 bound via nitrogen to the carbon bearing them. When vis 0, R6C is a bond to L1C
and/or R7C is a bond o L2C, so that L1C forms a double bond to the carbon atom

bearing R4C and/or L2C forms a double bond to the carbon alom bearing R&C.

0048 Preferabl vy, radicals R4C-R7C are hydrogen, methyl, ethyl, n-propyi,
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isopropyl, n-bulyl, isobutyl, tert-butvl, n-pentyl, n-hexyl, n-hepiyl, n-octyl, benay,
phenyl, ortho-dialkyl- or dichloro-substituted phenyis, trialkyl- or trichloro-substituted
phenyis, naphthyi, biphenyl and anthranyl. Preference is also given 1o amide
substituents NR18C2, in particular secondary amides such as dimethylamide, N-
5 ethyimethylamide, diethylamide, N-methyipropylamide, N-methylisopropylamide, N-
ethylisopropylamide, dipropylamide, diisopropylamide, N-methylbuiylamide, N-
ethylbubylamide, N-methyl-tert-butylamide, N-tert-butylisopropylamide,
dibutylamide,  di-sec-bulvlamide, diiscbutylamide, tert-amyleri-butylamide,
dipentylamide, N-methylhexylamide, dihexylamide, tert-amyi-teri-octylamide,
16 dioctylamide, bis{Z-sthylhexyliamide, didecylamide, N-methyloctadecylamide, N-
methylcyclohexylamide, N-sthylcyclohexylamide, N-isopropvicycichexylamide, N-
tert-butyleyclohexylamide, dicyclohexylamide, pyrroliding, piperidine,
hexamethyleniming, decahydroquinoline, diphenylamine, N-methylanilide or N-

ethylanilide.

15 [0041] L1C and L2C are each, independently of one another, nitrogen or
phosphorus, in particuiar nitrogen, and when v is 0 can form a double bond with the
carbon atom bearing R4C or R5C. In particuiar, when v is 0, L1C and/or L2C
together with the carbon atom bearing R4C or R5C form an imino group —
CR4C=N- or ~CR5C=N-, When v is 1, L1C and/or L2C together with the carbon

26 atom bearing R4C or R5C forms, in particular, an amido group ~CR4CRGC-N"™ or ~
CRBCR7C-N™.

16042} The ligands XC result, for example, from the choice of the appropriate
starting metal compounds used for the synthesis of the iron complexes, but can

also be varied afterward. Possible ligands XC are, in particular, the halogens such

b
(9]

as fluorine, chiorine, bromine or iodine, in particular chlorine. Alkyl radicals such as
methyl, ethyl, propyi, butyl, vinyl, allyl, phenyl or benzyl are also usable ligands XC.
As further ligands XC, meniion may be made, purely by way of example and in no
way exhaustively, of trifluorcacetate, BF4 , PF8 and weakly coordinating or
noncoordinating anions {(cf., for example, S. Strauss in Chem. Rev. 1993, 93, 927-
30 8942), e.g. B(CBF5M .  Amides, alkoxides, sulfonates, carboxylates and pB-
diketonates are also particularly useful ligands XC. Some of these substiluted
figands X are particuiarly preferably used since they are obiainable from cheap and

readily available siarting materials. Thus, a parlicularly preferred embodiment is
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that in which XC is dimsthylamide, methoxide, ethoxide, isopropoxide, phenoxide,

naphthoxide, triflate, p-toluenesulfonate, acetale or acetylacetonate.

10043} The s substituents R18C are selected from C1-C20-alkyl which may be
finear or branched, e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-

(¥

butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl or n-dodecyl, & 10 7-
membered cycloalkyl which may in turn bear a C6-C10-aryl group as substituent,
e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohepiyl, cyclooctyl,
cyclonony! or oyclododecyl, C2-C20-alkeny! which may be linear, cydlic or branched
and in which the double bond may ba internal or terminal, e.g. vinyl, 1-allyl, 2-aliyi,
13 3-allyl, butenyl, pentenyl, hexenyl, cyclopentenyi, cycichexenyl, cyclooctenyl or
cyclooctadienyl, C8-C20-aryl which may be substituted by further alkyl groups
and/or N- or O-coniaining radicais, e.g. phenyl, naphthy!, biphenvi, anthranyl, o-, m-
., p-methylphenyl, 2,3-, 2,4-, 2,5~ or 2 6-dimethylphemyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-,
24.6- or 3,4,5-tnimethylphenyl, 2-methoxyphenyl, Z-N,N-dimethylaminophenyi, or
15 arylalkyl which may be substituted by further alky!l groups, e.g. benzyl, -, m-, p-
methylbenzyl, 1- or Z-sthylphenyl, where two radicals R18C may also be joined fo
form a 5- or G-membered ring and the organic radicals R18C may also be
substituled by halogens such as fluoring, chiorine or bromine. Possible radicals
R18C in organosilicon substituents SIR19C3 are the same radicals which have
26 been described above for R18C, where two radicals R19C may also be joined o
form a 5 or G8-membered ring, e.g. trimethyisiivi, triethvisilyl, butyldimethyisilyvi,
fributylsilyl, trialivisilyl, triphenyisilyl or dimethyiphenvisilyl, Preference is given fo
using C1-C10-alkyl such as methyl, ethyl, n-propyl, n-butyl, tert-butyl, n-pentyl, n-

hexyl, n-hepltyl, n-octyl, and also vinyl allyl, benzyl and phenyl as radicals R18C.

b
(9]

10044 The number s of the ligands XC depends on the oxidation state of the
iron. The number s can thus not be given in general terms. The oxidation state of
the iron in catalylically aclive complexes is usually known 10 those skilled in the art.
However, it I8 also possible io use complexes whose oxidation state does not
correspond fo that of the active calalyst. Such complexes can then be
36 appropriately reduced or oxidized by means of suitable aclivaiors. Preference is

given {o using iron complexes in the oxidation state +3 or +2.

j[G045] D is an uncharged donor, in particular an unchargsed Lewis base or Lewis

acid, for example amines, alcohols, sthers, ketones, aldehydes, esters, sulfides or
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phosphines which may be bound to the iron center or sise still be present as
residual solvent from the preparation of the iron complexes. The number t of the
figands D can be from 0 1o 4 and is often dependent on the solvent in which the iron
complex is prepared and the time for which the resulting complexes are dried and
can therefore also be a nonintegral number such as 0.5 or 1.5. Preferably, tis G, or
102

[0046] Preferably, (B) has formula (V)

{iv}

where

EZC.EC are each, independently of ene another, carbon, nitrogen or phosphorus, in
particular carbon,

R'“-R¥ are each, independently of one another, hydrogen, C-Cop-alkyl, C-Coo-
alkenyt, Ce-Upp-aryl, alkylaryl having from 1 {o 10 carbon atoms in the alkyl
part and 6-20 carbon atoms in the ary! part, halogen, NR'™C,, OR'5%, SiR™C;,
where the organic radicals RICRC may also be substituted by halogens
and/or two vicinal radicals R'“-R* may also be joined to form a five-, six- or
seven-membered ring, and/or two vicinal radicals R'%-R% are bound to form
a five-, six- or seven-membered heterocycle containing at least one atom
from the group consisting of N, P, G and S,

RAC.R are each, independently of one another, hydrogen, Ci-Cag-alkyl, Co-Cap-
alkenvl, Ce-Cop-aryl, alkylaryl having from 1 to 10 carbon atoms in the alkyl
part and 6-20 carbon atoms in the aryl part, NRng, SERWC;;, where the

organic radicals R*°-R°® may aiso be substituted by halogens,

el
L
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T is 0 when E?5.E% ig nitrogen or phosphorus and is 1 when E2°-E*C is carbon,
L'1%C are each, independently of one another, nitrogen or phosphorus, in
particular nitrogen,

RE.R"" are each, independently of one another, C1-Cop-alkyl, Cp-Coz-alkenyl, Ce-
Cop-aryi, alkylaryl having from 1 to 10 carbon atoms in the alkyl part and 6-20
carbon atoms in the aryl part, hatogen, NR'%%,, OR™¢, SIR™Y;, where the
organic radicals R*C-R"'® may also be substituted by halogens and/or two
vicinal radicals R®.R"® may also be joined to form a five-, six- or seven-
membered ring, and/or two vicinal radicals R¥.RYC are joined to form a five-,
six~ or seven-membered heterocycle confaining at least one afom from the
group consisting of N, P, O and 8, and with the proviso that at least R®® and
R are halogen or a tert. C,-Cyp-alkyl group,

R™C.R'C are each, independently of one another, hydrogen, Ci-Cop-alkyl, Co-Cop-
alkenyi, Ce-Cop-aryl, alkylaryl having from 1 o 10 carbon atoms in the alkyl
part and 8-20 carbon atoms in the aryl part, halogen, NR'®,, OR'C, giR™%,
where the organic radicals R'?°-R"° may also be substituted by halogens
and/or two vicinal radicals R*“-R7" may also be joined to form a five-, six- or
seven-membered ring, and/or two vicinal radicals R®“-R"" are joined to form
a five-, sbx- or seven-membered helerocyde containing al least one atom
from the group consisting of N, P, Q or 5,

the indices v are each, independently of ong ancther, D or 1,

the radicals X° are aach, independently of one another, fluorine, chiorine, bromine,
iodine, hydrogen, C+-Cygralkyl, Co-Chp-alkenyl, Co-Cograryd, alkylaryl having
1-10 carbon atoms in the alky! part and 6-20 carbon atoms in the aryl parl,
NR™C, QR SR 3O,R™C OCIOIR®E, CN, SCN, p-diketonate, CO,
BE,”, PFs ™ or a bulky noncoordinating anion and the radicals X© may be
joined to one another,

the radicals R®¢

are each, independently of one another, hydrogen, Ci-Cap-alky,
Co-Cop-alkenyl, Ce-Cog-arvl, alkylaryl having from 1 to 10 carbon aioms in the
alkyi part and 6-20 carbon atoms in the aryl part, SiR'%%;, where the organic
radicals R"®C may also be substituted by halogens and nitrogen- and
oxygen-containing groups and two radicals R'" may also be joined to form
a five- or six-memberead ring,

the radicals R"*C are each, independently of one another, hydrogen, C4-Cag-alkyi,
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Co-Cop-alkenyl, Ca-Ung-aryl, alkylaryl having from 1 to 10 carbon atoms in the

alky! part and 6-20 carbon atoms in the aryl part, where the organic radicals

R may also be substituted by halogens or nitrogen- and oxygen-
containing groups and two radicals R'°" may also be joined to form a five- or
&) six-membered ring,
s is 1,2, 3or4,inpariicular 2 or 3,
) is an uncharged donor and
i is from 0 to 4, in particular 0, 1 or 2.

6647} The substituents R4C-RSC are selected from hydrogen, C1-C22-alkyl
16 which may be linear or branched, e.g. methyi, ethyl, n-propyl, isopropyl, n-bulvi,
ischutyl, tert-butyl, n-pentyl, n-hexyl, n-hepiyl, n-octvl, n-nonyl, n-decyl or n-
dodecyl, 5- to 7-membered cycloalkyl which may in turn bear a C1-C10-alkyl group
and/or CB8-C10-aryl group as substituent, e.g. cyclopropyl, cyciobutyl, cyciopeantyl,
cyciohexyl, cycloheptyl, cyclooctyl, cyclononyl or cyclododecyl, C2-C22-alkenyt
15 which may be linear, cyclic or branched and in which the double bond may be
internal or terminal, e.g. vinyl, 1-aliyl, 2-aliyl, 3-aliyl, butenyl, pentenyl, hexenyi,
cyclopentenyl, cyclchexenyl, cyclooctenyl or cyclooctadienyl, C8-C22-aryl which
may be subsiituted by further alkyl groups, e.g. phenyl, naphthyl, biphanyi,
anthranvi, o-, m-, p-methyiphenyl, 2,3-, 2,4-, 2,5- or 2 8-dimethyiphenyl, 2,3,4-,
20 2,35, 2,3,6-, 24,5, 2,46- or 3,45rimethyiphenyl, or arylalkyl which may be
substituted by further alkyl groups, e.g. benzyl, o-, m-, p-methyibenzyl, 1- or 2-
ethyiphenyl, where the organic radicals R4C-R5C may aiso be substituted by
halogens such as fluoring, chioring or bromine. Furthermore, R4C-R5C can be
amino NR18CZ or N{SIR18C3)2, for example dimethylamino, N-pyrrofidinyl or
25 picolinyl. Possible radicals R19C in organosilicon substituenis SIR18C3 are the
same carboorganic radicals as described above for R1C-R3C, where two radicals
R1eC may also be joined o form a 5 or S-membered ring, e.g. trimethyisilyl,
triethyisilyl, butyldimethylsitv, tributylsitvl, tritert-butylsitvl, trialyisilyl, triphenyisilyl or
dimethyiphenvisilyl. These SiR19C3 radicals can also be bound via nitrogen to the

36 carbon bearing them.
10048] Preferably, R4C-R5C are hydrogen, methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-oclyl or benzyl, in particular

methyl.

2
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[0849] R8C-R17C can be a C1-C22-alkyl, which may be linear or branched, e.g.

methyl, ethyl, n-propyi, isopropyl, n-bubyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-

heptyl, n-ociyl, n-nonyl, n-decyl or n-dodecyl, 5 o 7-memberad cycloalkyl which

may in iurn bear a C1-C10-alkyi group and/or C6-C10-aryl group as substiluent,

5 eqg. cyclopropvl, cyclobutyl, cyclopeniyl, cyclohexyl, cycloheptyl, cyclooctyl,

cyclononyl or cyclododecyl, C2-C22-alkenyl which may be linear, cyclic or branched

and in which the double may be internal or terminal, e.g. vinyl, 1-allvl, 2-allyl, 3-aliy,

butenyl, pentenyl, hexenyl, cyclopenienyl, cyclohexenyl, cyclooctenyl or

cyclooctadienyl, C8-C22-aryl which may be substituted by further alkyl groups, e.g.

16 phenyl, naphthyl, biphenvl, anthranyl, o-, m-, p-methyiphenyi, 2,3-, 2.4, 2,5- or 2,6-

dimsthyiphenyi, 2,3,4-, 2,3,5-, 2,3,6-, 24,5, 2,4,6- or 3.4,5-trimsthyiphenyl, or

arylaikyi which may be substitited by further alkyl groups, e.g. benzyl, o-, m-, p-

methylbenzyl, 1- or 2-aethylphenyl, where two radicals R8C o R17C may also be

joined o form a 5-, 6- or 7-membered ring and/or two of the vicinal radicals R8C-

15 RA7C may be joined to form a five-, six- or seven-membered heterocycle coniaining

at least one atom from the group consisting of N, P, O and & and/or the organic

radicals RBC-R17C may also be substituted by halogens such as fluorine, chioring

or bromine. Furthermore, R8C-R17C can be halogen such as flucrine, chiorine,

bromine, amino NR18CZ or N(SIR190C3)2, alkoxy or arvioxy OR18C, for example

20 dimethylamino, N-pyrrolidinyl, picolinyl, methoxy, sthoxy or isopropoxy. Possible

radicals R19C in organosilicon substituents SIR18C3 are the same carboorganic

radicals which have been mentioned above for R1C-R3C, where two radicals R18C

may also be joined fo form a 5- or S-membered ring, e.g. irimethyisibv, triethyisilvi,

bulvldimethylsityl,  iributyisilyl,  iritert-butyisibyl,  trialivisiil,  triphenvisilyl  or

25 dimethyiphenvisiiyl. These SIR18C3 radicals can also be bound via an oxygen or

nitrogen, for example trimethyisilvioxy, triethyisilyioxy, butyidimethylsilyloxy,
tributylsilyloxy or tritert-butyisilyloxy.

0058 Preferably, R12C-R17C are hydrogen, methyl, triftucromethyl, ethyl, n-
propyl, isopropyl, n-bulyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, n-hepiyl, n-octyi,
36 vinyl, allyl, benzyl, phenyl, fluorine, chlorine and bromine, in particular hydrogen. In
particular, R13C and R16C are each methyl, friflucromethyl, ethyl, n-propyi,
isopropyl, n-butyl, isobutyl, tert-bulyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, vinyl, alivi,
benzyl, phenyl, flucring, chiorine or bromine and R12C, R14C, R15C and R17C are

each hydrogen.
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0651 Freferably, radicals R8C and R11C are hydrogen, methyl, triffluoromethv,
ethyl, n-propyl, isopropyl, n-butyl, iscbubyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-
octyl, vinyl, aliv, benzyl, phenyl, fluorine, chiorine and bromine. In particular, R8C
and R10C are preferably a halogen such as fluorine, chiorine or bromine,
particularly chiorine and RSC and R11C are each a C1-C22-alkyl which may also
be subsiituted by halogens, in particular a Ct1-C22-n-alkyi which may also be
substituied by halogens, e.g. methyl, trifluocromethyl, ethyl, n-propyl, n-butyl, n-
pentyl, n-hexvl, n-heptyl, n-ochy, vinyl, or a halogen such as fluorine, chiorine or
bromine. In another preferred combination R8C and R10C are a terliary C1-C22-
alkyl radical, particulardy tert. bubyl and R8C and RU1MC are each hydrogen or a

haiogen such as fiuorine, chiorine or bromine.

[0052] More preferably, R12C, R14C, R15C and R17C are identical, R13C and
R16C ars identical, R9C and R11C are identical and R8C and R10C are identical.

This is also preferred in the preferred embodiments described above.

106053) The preparation of the compound (B) is described, for example, in . Am.
Chem. Soc. 120, p. 4049 ff. {1888}, J. Chem. Soc., Chem. Commun. 1988, 849,
and WO 88/27124, Preferred  complexes B} are  2,6-Bis[1-(2-
tert.butylphenviiminojethvllpyridine  iron(il}  dichloride,  2,6-Bis{1-(2-lert.butyl-6-

chiorophenyliminoethylipyridine fron{il) dichioride, 2,6-Bis[1-{2-chioro-6-

methviphenyliminoethyllpyridine iron(i) dichloride, 2,6-Bis[1-(2.4-
dichlorophenyliminolethylipyridine fron{il} dichicride, 2.6-Bis[1-(2,6-
dichiorophenyliminolethyllpyridine iron(ih dichloride, 2,6-Bis[1-(2.4-

dichlorophenyliminoymethyljpyridine  ron{ll} dichioride, 2,6-Bis[1-{2 4-dichloro-6-
methylphenyliminojethylipyridine fron{ih dichioride?,6-Bis[1-(2 4-
difluorophenylimino)ethyi] pyridine iron(il} dichloride, 2,6-Bis[1-(2 4-
dibromophenyiiminojethyllpyridine iron{ll} dichloride or the respective trichlorides,

dibromides or tribromides.

10054] The molar ratio of transition metal complex (A} to polymerization catalyst
(B} is usually in the range from 1:100 to 100:1, preferably from 1:10 to 10:1 and
particularly preferably from 1:1 fo 5:1. When a transition metal complex A} is used
as sole catalyst under the same reaction conditions in the homopolymerization or
copolymerization of ethylens, it preferably produces a higher Mw than does the

complex (B) when it is used as sole complex under the same reaction conditions.

25
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The preferred embodiments of the complexes (A) and {B) are likewise preferred in

combinations of the two complexes.

10055] The catalyst system of the invention preferably comprises one or more

activators {C}, which can be brought into contact with the metaliocene catalyst

(¥

component or with the hybrid catalyst components (A} and (B). In case of g hybrid
catalysi, the activation of the transition metal complex (A} and of the iron complex
(B} of the catalyst composilion can be carried out using the same activator or
activator mixture or different activators. Preferably, the same activator (C) for both

the catalysts (A} and (B).

10 [6056] The activator or activators {C} can in each case be used in any amounts
based on the complexes (A} and (B) of the catalyst composition of the invention.
They are preferably used in an excess or in sioichiometric amounts, in each case
based on the complex {A} or (B) which they activate. The amount of activating
compound(s) to be used depends on the type of the activator (C). In generdl, the

15 molar ratio of transition metal complex (A} to aclivating compound {C) can be from
1:0.1 to 1:10000, preferably from 1:1 fo 1:2000. The molar ratio of iron complex (B}
to activating compound {C) is also usually in the range from 1:0.1 fo 1:10000,
praeferably from 1:1 o 1:2000.

[0057] Suitabie compounds (€} include aluminoxanes and strong uncharged
20 Lewis acids, as described, for example, in WO 00/31080; hydroxyaluminoxanes
such as those described in WO 00/24787, lonic compounds having a Lewis-acid
cation as described, for example, in WO 81/008882 or ionic compounds containing a

Bronsted acid as cation, such as protonated amine or aniline derivatives..

[0038] Preferably, component (C) is selected from boranes and boroxing such
25  as trialkyiborane, triaryiborane or rimsthylboroxin, More preferably, component (C)
is selected from boranes which bear al least two perfluorinated aryl radicals. Most
preferably, component (G} is  selected from  tiphenyiborane,  tris{4-
flucrophenyiiborane, tris(3, 5-difluorophenyi)borane, tris{d-
flucromethyiphenyliborane, tris{peniafiucrophenyiiborane, tris{tolybiborane, tris{(3,5-
30 dimethyviphenylborane, tris(3,5-difluorophenyllborane or tris(3,4,5~

triflucrophenyhiborane. Preference is given 1o using tris(pemtafiucrophenyliborane.

{0059 As joint activator (C) for the catalyst component {A) and (B}, preference is
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given to using an aluminoxane. Preference is also given to the combination of sait-

ke compounds of the cation of the general formula {(XH), in particular NoN-

dimethylanilinium tetrakis{pentafiuorophenyllborate, N,N-
dimethvicyciohexyiammonium tetrakis(pentafiucrophenyli}borate, NoN-
5 dimethylbenzylammonium tetrakis{pentafluorophenyhborate or trityt

tetrakispentafiuorophenyiborate, as activater {C) for hafnocenes (A), in particular in

combination with an aluminoxane as activator (C) for the iron complex (8).

{3666} To enable the single-site calalysts to be used in polymerization processes
in the gas phase or in suspension, il is often advaniageous io use the complexes in
16 the form of a solid, Le. for them {o be applied to a solid support (D). Furthermore,
the supported complexes have a high productivity. The metallocene complexes,
the transition metfal complexes {A} and/or the iron complex (B} can therefore also
optionally be immobilized on an organic or inorganic support (D) and be used in
supported form in the polymerization. This enables, for example, deposits in the
15 reactor to be avoided and the polymer morphology fo be controlied. As support
malerials, preference is given o using silica gel, magnesium chloride, aluminum
oxide, mesoporous materials, aluminosilicates, hydrotalcites and organic polymers
such as polyethvlens, polypropylens, polystyrene, polvietrafiuoroethyvlens or
polymers bearing polar functional groups, for example copolymers of ethene and

26 acrylic eslers, acrolein or vinyl acetale.

{0661} Among the hybrid catalyst systems, particular preference is given to a
catalvst system comprising at least one transition metal complex (A), al least one
iron complex (B), at least one activating compound (C) and at least one support

component (D). it is possible for both the fransition metal component {A) and the

b
(9]

ron complex (B} to be supported, or only one of the two components can be
supported. In a preferred embodiment, both the components (A} and (B) are
supported. The two components {A} and (B) can in this case be applied to different
supports or together on a joint support. The components (A} and {B) are preferably
applied fo a joint support in order {0 ensure a relatively close spatial proximity of the
30 various catalyst centers and thus o ensure good mixing of the different polymers

formed.

[0062] As support component (D), preference is given fo using finely divided

supports which can be any organic or inorganic solid.  In particular, the support

[
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component (D} can be a porous support such as tale, a sheet silicate such as
montmoriilonite, mica or an inorganic oxide or a finely divided polymer powder {e.g.
poiyolefin or a polymer having polar functional groups). Preferably, support (D) is

selected from hydroialciies and calcined hydrotalcites.

[0063] As solid support materials (D) for catalysis for olefin polymerization,
preference is given fo using silica gels since particles whose size and struciure
make them suitable as supports for olefin polymerization can be produced from this
material, Spray-dried silica gels, which are spherical agglomerates of relatively
small granular pariicles, i.e. primary pariicies, have been found o be particularly

useful. The silica gels can be dried and/or calcined before use.

jG064] The hybrid catalyst system may further comprise, as additional

component {(E), a metal compound of the gensral formula (XX},

MC (R} o(R*)50 (R (XX)
where
ME is Li, Na, K, Be, Mg, Ca, S8r, Ba, boron, asluminum, gallium, indium,
thallium, zine, in particudar Li, Na, K, Mg, boron, aluminum or Zn,
R'C is hydrogen, C+-Cro-alkyl, Cs-Cis-aryl, alkylaryt or arylalkyl each

having from 1 to 10 carbon atoms in the alkyl part and from 6 o 20
carbon atoms in the anyl part,

R* and R*® are each hydrogen, halogen, C-Ce-alkyl, Ce-Crs-aryl, alkylaryl,
arylalky! or alkoxy each having from 1 fo 20 carbon atoms in the alkyl
part and from 6 to 20 carbon atoms in the aryl part, or alkoxy together
with C.-Cqpralkyl or Ce-Cos-aryl,

)

r isanintegerfromtto 3
and
s®andt®  are integers from O to 2, with the sum r®+s%+t® corresponding to the

valence of MG,
where the component (E) is usually not identical to the compoenent {C). s also
possible to use mixtures of various metal compounds of the formula (XX).
0065] Among the metal compounds of the general formula (XX}, preference is

given to those in which

f° is lithium, magnesium, boron or aluminum and
R is C-Cyo-alkyl.
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[B866] Farticularly preferred metal compounds of the formula (30 are
methylithium, athyllithium, n-butyliithium, methylmagnesium chioride,
methyimagneasium bromide, ethylmagnesium chioride, sthylimagnesium bromide,
butylmagnesium chioride, dimethylmagnesium, diethvimagnesium,
5 dibutylmagnesium, n-butyl-n-octylmagnesium, n-butyvl-n-heptyimagnesium, in
particular n-bulyl-n-octylmagnesium, tri-n-hexylaluminum, triisobutviaiuminum, ri-n-
butylaluminum, triethylaluminum, dimethyialuminum chioride, dimethylaluminum
fluoride, methylaluminum dichioride, methvialuminum sesquichlorids,
disthylaluminum chloride and trimethylaluminum and mixiures thereof. The partial

16 hydrolysis products of aluminum alkyls with alcohols can also be used.

0067} When a metal compound (E) Is used, it is preferably present in the

catalyst system in such an amount that the molar ratio of MG from formula (XX} o

the sum of the transition metals from the transition meial complex (A) and ths ron

complex (B} is from 30001 to 0.1:1, preferably from 800:1 to 0.2:1 and particularly
15 preferably from 100:1 to 1:1.

[3568] In ancther preferred embodiment, a calalyst sclid is prepared from the
components {A), {B), (C) and (D) as described above and this is brought into
contact with the component {E) during, at the commencement of or shorlly before

the polymerization.

200 j0069] Preference is given o firstly bringing (E) into contact with the c-olefin to
be polymerized and subsequently adding the catalyst solid comprising the

componenis (A), (B), (C) and {D) as described above.

0678} In a further, preferred embodiment, the support (D) is firstly brought into
contact with the component (£}, and the componeants (A} and (B) and any further

15 aclivator (C) are then deait with as described above.

{06671} It is also possible for the catalyst system firstly to be prepolymerized with
a-olefing, preferably linear CZ-Ci0-1-alkenes and in particular ethviene or
propylene, and the resulting prepelymerized calalyst solid then o be used in the

actual  polymerization. The mass ratic of catalyst solid used in the

L2
e

prepolymerization to a monomer polymerized onto it is usually in the range from
1:0.1 1o 1:1000, preferably from 1:1 to 1:200.
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LLDPE Composition

18072] The LLDPEs used in the films of the invention have litle or no long chain

branching. This is svidenced by a value of the slice long chain branching index
index (SLCBI), determined according fo the procedure outlined in U.3. Patent No.
6,870,010, of at least 0.80 for any portion of the composition having a molecular
weight of 100,000 or more. These LLDPE’s exhibit improved haze reductions when

blended with the LDPE used in films of the invention.

[0673] U.S. Patent No. 8,870,010 defines SLCBI according to the eguation:

SLCBY =tk

T yinoar i
0574} In the above squation [n} is the measured intrinsic viscosity of a given
retention volume slice " and Nlunear, I8 the intrinsic viscosity of a reference, linear
poiymer without long chain branching, at the same relention volume slice V. For
poiymers of relatively broad molecular weight distribution (Mz/Mw greater than
about 2.5) the gbove equation works satisfactorily with the following reference

choice:

{ﬁ}LMear,i = kﬂljza

where M; is the measured molecular weight at retention volume slice 7" and
k,a are the Mark-Houwink coeflicients (k=3.75E-4 and g=0.728, as measured in our
faboratory). For polymers of very narrow molecular weight distribution (Mz/Mw less
than about 2.5}, such as metallocene-catalyzed polyethylenss, the above reference
choice produces unrealistic SLCBI values, at least partly due {o the axial dispersion
effect In gel permeation chromatography (GPC) of narrow molecular wsight
distribution polymers. Therefore, for metallocene-catalyzed polyethylenes, the
reference polymer chosen was Exceed 1018CA, commercially available from
ExxonMobil and used in U.8. Patent No. 8,870,010 as a reference polymer with
SLCBI=1.
[B875] When the LLDPE Is produced with a metaliocene single-site catalyst, the
composition distribution breadth index {CDBI} is from 65 1o 85. When the LLDPE is
produced with a metallocene hybrid catalyst, the CDBI is from 30 o 60. CDBI is
described in WO 83/03083, and is defined as the percent by weight or mass
fraction of the copolymer molecules having a comonomer content of +50% of the

mean molar lotsl comonomer content, Le., the percentage of comonomer

34
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molecules whose comonomer content is within 50% of the average (median)
comoenomer content.  This is determined by lemperature rising elution fraction
{(TREF) analysis (Wild et al. J. Poly. Sci., Poly. Phys. Ed. Vol. 20, (1983}, 441).

06076} When the LLDPE is produced with a metaliocene single-site catalyst, the
rheological polydispersity (ER) is less than 0.4, preferably less than .25, When
the LLDPE is produced with a metailocene hybrid calalyst, the rheological
polydispersity (ER}) is less than 0.5. Rheological polydispersity (ER) is obtained
from rheological measurements performed on molten resins and iz influenced by
the type and amount of long chain branching and by the breadth of the molecular
weight distribution. "ER" is one of the ari-recognized measures of rheclogical
polydispersity. ER is determined from plots of storage modulus (G') versus loss
modulus (G") and is a measure of high-molecular-weight-end polydispersity. ER is
conveniently determined as discussed in R, Shroff and H. Mavridis, "New Measuras
of Polydispersity from Rheclogical Data on Polymer Meits,” J. Applied Polymer
Science 57 (1995} 1605. See also U.S. Pat. Nos. 7,238,754, 6,171,993 and

5,534,472, the teachings of which are incorporated herein by reference.

00771 When the LLDPE is produced with a metaliccene single-site catalyst, the
xylene solubles are less than 1.5 wi%, preferably less than 1.0 wit%. The xylene
solubles are measured by the following procedure. Two grams of LLDPE sample is
placed in 200 mi of o-xviene. The solution is refluxed and stirred untll the sample is
fully dissolved. The solution is then cooled to 25°C in a water-bath for 30 minutes
for the polymer to precipitate. The solution iz fillered and dried. The xyvlene
solubles are calculated by dividing the weight of the dried sample by the fotal
weight of the LLDPE sample. When the LLDPE is produced with a metaliccene

hybrid catalyst the xylene solubles are less than about 12 wi%

[B078] The blend composition contains from .15 to 0.8 wit% LDPE and 98.2 (o
99.85 wi% LLDPE, preferably 0.25 to 0.8 wi% LDPE and 99.4 {o 89.75 wit% LLDPE
based on the toial amount of LDPE and LLDPE. The composilions used in the

films preferably have an SLCBI of at least §.80.

[G079) The film blends are preferably prepared by melt-blending the LDPE with
the LLDPE before film extrusion o form a blend extrudate and then feeding the
exirudate o the film extruder. For example, the LDPE can be melt-extruded inlo

the LLDPE along with other additives during the finishing and pelletization slep in
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the LLDPE production or post-LLDPE production, such as in a Banbury mixer, twin
screw exiruder or similar equipment known 1o those skilled in the art. Blending the
components in such a way provides improved performance over dry-blending the
components together during film exrusion, e.g., in the feed to the film exiruder

5 processing the blend.

[GORG] The films of the invention exhibit an enhanced balance of properties.
Haze is determined in accordance with ASTM D1003. Films prepared from the
blend compositions of the invention demonstrate g haze (HZblend) lower than the
haze of a film produced from the LLDPE used in the blend compaosition {(HZlidpe},
13 while minimizing undesirable reductions in dart impact (Diblend} and Elmendorf
Tear (MDTblend) relative to that of the dart impact (Dllidpe} and Elmendorf Tear
{(MDTHdpe) of the LLDPE used in the blend. Dart impact is measured in
accordance with ASTM D1708 (F50), of the blend composition film (Diblend),
ralative to that of the LLDPE in the blend (Dllidpe). The film properties of the blend
15 compositions and the LLDPE used in the blend compositions satisfy the following
relationship:
Hbiena = a8 HZugee, Where a is 0.20 fo 0.70, preferably 0.30 to 0.55, where
HZbiona and HZugape are measured on a film of the same thickness, and

Dloiends = B"Dligee, where b is 0.0 o 1.3, preferably, 0.95 to 1.1, where

20 D piens and Hiyaee are measured on a film of the same thickness.

16081} When the polymer blend conlains less than 1000 ppm of additives
selected from antiblocks, slip agents and mixtures thereof, and the LLDPE is

produced with a metaliocene single site catalyst, a is preferably 0.20 to 0.30.

25 (0082 HZlidpe is preferably below 20%, more preferably bslow 18%, as

measurad on a 1.0 mil film.

13083] Elmendorf Tear is determined in accordance with ASTM D1922. When
the LLDPE is produced with a metallocene single sile catalyst, the MD-Tear

properties of the blend compositions satisfy the following relationship:

30 MDToiens = ¢*"MDTigge, where ¢ is 0.8 fo 1.1, preferably, 0.85 to 1.0, where

MDTyiens and MDTygpe are measured on a film of the same thickness.



WO 2012/109246 PCT/US2012/024149

{684 Gloss-45 is determiined in accordance with ASTM D2457. Preferably,
when the LLDPE is produced with a metaliocens single sile calalyst, the films
prepared from the blend compositions have a gloss-45, as measured in a 1-mil film,
of greater than 80%. When the LLDPE is produced with a metallocene hybrid

5 catalysi, the gloss is preferably greater than 50. Clarilty is determined in
accordance with ASTM D1746. Preferably, when the LLDPE is produced with a
melaliocene single site catalyst, the films prepared from the blend compositions
have a clarity as measured in a 1-mil film of greater than 65%, more preferably
greater than 80%. When the LLDPE is produced with a metaliocene hybrid

16 catalyst, the clarity is greater than 60%. The films prepared from the blend
compositions preferably have a D, as measured in a 1-mil film, of greater than 400
g/mil, more preferably greater than 500 g/mil. When the LLDPE is produced with a
metaliocene single site catalyst, the fiims prepared from composiions of the
invention preferably have an MD-Tear as measured in a 1-mil film of greater than

15 200 g/mil. When the LLDPE is produced with a metallocene hybrid catalyst, the
MD-Tear is preferably greater than 150 g/mil.

10085] Films produced from the compositions exhibit an improved blend of
optical and physical properties when compared with conventional blends of LLDPE
and LDPE, Le., the blsnds demonstrate a reduced negalive impact on physical
26 properties for a given improvement in haze. Allernalely, for a given amount of
LDPE, films produced from the compositions demonstrate an improved reduction in
haze, Al the very low levels of LDPE in the compositions (less than 1 wi%]},
standard conventional feeders iypical of additive sysiems, can be used for the

addition of the LDPE to the LLDPE, thereby saving capital investiment. Very low

o]
(9]

percentages of LDPE in the film blend also provide cost advantages over systems
containing higher levels of LDPE, since LDPE is typically more expensive than
LLDPE.

(3086} The blend composilion can contain additives seilected from anti-block
agents, slip asgenis or mixtures thereof.  Anti-block agents include talg,
36 distomaceous earth, synthetic amorphous silicon dioxide {precipitated), nepheling
syenite, clay, pumics, mica, zeolites, microcrystalline silica, aluminum oxide, zinc
oxide, calcium sulfate, barium sulfate, magnesium carbonate, silicone polymer,

cross-linked  polymethacrylate  resin, magnesium  12-hydroxyoctadecanoate,

3
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behenamide, and mixiures thereof. Slip agents include erucamide, oleamide,
behenamide, oley! palmilamide, stearyl srucamide, ethvlene bis-stereamide,
stereamide, calcium slearale, low viscosily polydimethyisiloxane, UHMW siloxane,
N, N' Ethylene Dbissiearamide, silicons polymer, PTFE, and mixtures thersof
Preferably, the blend composition contains less than 1000 ppm, more preferably,
less than 500 ppm of additives selected from anti-block agents, ship agents or

mixtures thereof.

{087 The blend composition can include other addilives, preferably selected
from stabllizers, UV absorbers, melal deactivators, thicsynergists, peroxide
scavengers, basic co-stabilizers, acid scavengers, nucleating agents, clarifiers,
conventional fillers, dispersing agents, plasiicizers, lubricants, emuisifiers,
pigments, optical brighteners, flame-proofing agents, antistalic agenis, blowing

agentis, and mixtures thereof.

{6688} In this spedification, the term “film” shall mean a single laver or multiple
fayers of the polymer blend, each layer having a thickness of from 6.1 to 10 mils.
Preferably, each layer has a thickness of 0.1 to 2 mils. The films can be of any type
prepared by processes well known to those skilied in the art, such as casi, blown-
alr, blown-water, oriented, and biaxially oriented. The films may also be used in
extrusion coaling and extrusion lamination processes. When the films are
coextruded, they can be produced using conventional methods and extrusion
equipment well known o those skilled in the art, where layers of polymer mells are
combined by infroducing mulliple polymer mell slreams into a combining
blockimanifold or die which then directs the mell streams to flow together {while still
in the block/manifold or die), then exiting the die together as a single flow stream.
Alternately, mulliple polymer mell streams can be infroduced infe a die and then

combined just afier exiting the dis.

[0089] Freferably, the films are blown or cast films. More preferably, the films

ars blown films.

[3098] The following examples illustrate the invention; however, those skilled in
the art will recognize numerous variations within the spirit of the invention and

scope of the claims.

6091} Blends of the examples were prepared using the following LDPE, LLDPE

38
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and additive components:

LDPE-1 Tubular LDPE having a density of 0.920 g/iem® and an Ml of
.18 dg/min., commercially available from Equistar Chemicals,
LP having the tradename Petrothene® NAZ42000.

LDPE-2 Tubular LDPE having a density of 0.820 g/em® and an Mi of 1.0
dg/min., commercially available from Equistar Chemicals, LP
having the tradenams Petrothena®™ NASBO000.

LDPE-3 Autoclave LDPE having a density of 0.918 g/om® and an Ml of
7.0 dg/min., commercially available from Eguistar Chemicals,

1 { P having the tradename Petrothene® NA204000.

LLDPE- Ce-LLDPE having a density of 0.918 g/om® and an Mi of 1.0

dg/min, a CDBl of 70, xylene solubles of 0.9 wt%, and a

(¥

rheclogical polydispersity (ER) of 0.14, produced using a

metallocene catalyst in a Unipol gas-phase process,

15 commercially available from Equistar Chemicals, LP having the
tradename Starflex® GM1810BA.  The SLCBI is shown in
Figure 1.

LLDPE-2  Co-LLDPE having a density of 0.918 giem®, an Mi of 1.0 dg/min,
CDBI of 50, xylene solubles of 13.4 wi% and g rheological
20 polydispersity (ER) of 0.72, produced using the Zisgler Natla
catalyst in a Unipol gas-phase process, commercially available
from kEquistar Chemicais, LP having the {tradename
Petrothene™ GAB01030.  The SLCBI is shown in Figure 1

Adt-1 Talc antiblock additive (Optibloc™ 10),commercially available

o]
(9]

from Specialty Minerals.
Ade-2 Slip additive (erucarmide} commercially available from Croda.
[0092] All parts and percentages used in this specification are by wsight unless

otherwise specified.

093] In the following examples, unless otherwise specified, all blown films
36 were produced in an LLDPE blown film line equipped with a 2" diameter smooth-
bore extruder, 24:1 /B barrier screw with a Maddock mixing section. The smooth
bore extruder was squipped with a 4”7 diameter die and 0.060" die gap. Operating

conditions included an oufput rate of 63 Ib/hr, a blow-up-ratic of 2.5:1, a 127
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frostline height and meit temperature of approximately 2250C.

CONTROL EXAMPLE 1
[6694] LLDPE-1 was processed in a blown film line to form a blown film of 8.75

mil thickness.

5 EXAMPLE 2
[3095] A blend containing 99.75 wit% LLDPE-1 and 0.25 wi% LDPE-1 was
prepared by melt-extruding the components in a Z5K-30 lwin-screw extruder. A

blown film of G.75 mil thickness was then preparad from the extrudats.

EXAMPLE 3
1 [0094] A blend and film were prepared as in Example 2 except that 99.5 wi%
LLDPE-1 and 0.5 wit% LDPE-1 was used.

EXAMPLE 4
16097) A blend and film were prapared as in Example 2 except that 99.25 wi%
LLDPE-1 and 0.75 wi% LDPE-1 was used.

15 Table 1.
Conirol. Ex. 2 Ex. 3 Ex. 4
Ex. 1

Haze, % 12 3.3 24 23
2, gfmi 510 570 570 530
MD-Tear, g/mil 138.1 151 131.2 131.1
HazeyendMazenpe 0.28 0.20 0.19
Dloiena/Didpe 1.12 1.12 1.04
MDToianeMD Tiigpe 1.08 (.94 0.94

GG98] The results demonsirate improved haze for the claimed films produced

from the blend compositions with minimal deterioration in physical properties.

CONTROL EXAMPLE 5
20 0099 A blend containing 99.5 wi% LLDPE-1 and 0.4 wi% Adt-1 and 0.1 wi%
Adt-2 was prepared by processing the blend components in a twin-screw exiruder

to form an extrudate. A 0.75 mil blown film was then prepared from the exirudate.

EXAMPLE G
[66166] A blend containing 88.0 wi% LLDPE-1, 0.5 wi% LDPE-1, 0.4 wi% Adt-1
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and 0.1 wi% Adt-2 and film were prepared as in Comparative Example 5. AQ.75

mil blown film was then prepared from the exirudate.

Table 2.
Controd Ex. 6
Ex. 5

Haze, % 15 7.5
Gloss-45, % 47 70
Clarity, % 4G 52
O, g/mil 281 274
MD-Tear, g/mil 146 144
Hazeyen/Hazeue. 0.6
Dliiena/Dhigpe 0.98
MD T oiend/MD Tiigpe G.88

08161} The resulis demonstrate improved haze for the claimed films produced

from the blend compositions with minimal deterioration in physical properties.

CONTROL EXAMPLE 7
(00162 LLDPE-1 was processed in a blown film line to form a blown film of 1.0

mil thickness.

EXAMPLE 8
061637 A blend confaining 8.5 wi% LLDPE-1 and 0.5 wit% LDPE-1 was
prepared by meit-extruding the components in a Z5K-30 twin-screw extruder to
form an extrudate. A blown filrmn of 1 mil thickness was then prepared from the

axtrudate.

CONTROL EXAMPLE S
[00164] A blend containing 99.5 wi% LLDPE-1 and 0.4 wi% Adt-1 and 0.1 wi%
Adt-2 was prepared by processing the blend components in a twin-screw exiruder

to form an extrudate. A 1.0 mil blown film was then prepared from the exirudate.

EXAMPLE 10
[66165] A blend containing 88.0 wi% LLDPE-1, 0.5 wi% LDPE-1, 0.4 wi% Adt-1
and 0.1 wi% Adt-2 and film were prepared as in Comparative Example 8. A 1.6 mi

blown film was then prapared from the exirudate.

PCT/US2012/024149
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Table 3.
Control Ex. 8 Conirol Ex. 10
Ex. 7 Ex. 9

Haze, % 13 4.3 16 8.1
Gloss-45, % 49 &0 48 89
Clarity, % 6o 84 38 52
D1, g/mil 830 810 510 660
MD-Tear, g/mil 247 228 228 215
Hazeyiene/Hazeape 0.33 0.51
Dlotend/Dipe (.08 1.29
MO T ianeMB Thape 0.92 0.94

10

20

[66186] The results demonstrale improved haze for the daimed films produced

from the blend compositions with minimal deterioration in physical properiies.

001877 Comparative Examples 11-16 were conducied using a die gap of 0.100

nch.

COMPARATIVE EXAMPLE 11
[00168] LLDPE-2 was processed in a blown film line to form a blown film of 1.0

mil thickness.

COMPARATIVE EXAMPLE 12
00169 A blend containing 885 wi% LLDPE-2 and 0.5 wi% LDPE-1 was
prepared by meit-extruding the components in a Z5K-30 twin-screw extruder to
form an extrudate. A blown film of 1.0 mil thickness was then prepared from the

axtrudate.

COMPARATIVE EXAMPLE 13
[00116] A blend confaining 99.5 wi% LLDPE-2 and 0.5 wi% LDPE-2Z was
preparad by processing the blend components in a ZSK-30 twin-screw extruder to
form an extrudate. A blown film of 1.0 mil thickness was then prepared from the

extrudate.

COMPARATIVE EXAMPLE 14
{06111} A blend confaining 99.5 wi% LLDPE-2 and 0.5 wi% LDPE-3 was
prepared by meit-exiruding the components in a ZSK-30 twin-screw exiruder o

form an exirudate. A blown film of 1.0 mil thickness was then prepared from the
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exirudate.

COMPARATIVE EXAMPLE 15
061127 A 1.0 mil film was prepared from a blend of 88.0 wi% LLDPE-2 and 1.0
wt% LDPE-Z2. The LDPE and LLDPE were dry-blended by feeding both together

into the feed hopper of the blown film extruder.

5
COMPARATIVE EXAMPLE 16
[00113] A 1.0 mil film was prepared from a blend of 80.0 wt% LLDPE-2 and 10.0
wi% LDPE-Z. The LDPE and LLDPE were dry-blendsd by feeding both together
inte the feed hopper of the blown film extruder.
10 Table 4.
Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
Ex. 11 Ex. 12 | Ex. 13 | BEx. 14 | BEx. 15| Ex. 18
Haze, % 10 9.4 10 8.¢ 9.1 53
Gloss-45, % 52 57 54 58 58 72
Clarity, % 74 78 75 77 77 77
D, gfmi 188 161 166 194 148 137
MD-Tear, g/mil 380 327 368 3682 27 162
Mazepens/Hazegpe 0.94 1.0 0.89 0.91 0.53
Dloiena/Dlaepe 0.85% 0.98 1.15 0.88 0.81
MDT tianaMD Tiigpe 0.91 1.02 1.01 0.91 0.45

[60114] The resulis demonstrate an  inferior relglionship betweesn haze
improvement and detericration of physical properties with the addition of various

LDPE compared o the claimed films produced from the recited blend compositions.

15 [01i8] The present subject matter being thus described, it will be apparent that
the same may be modified or varied in many ways. Such modifications and
variations are not {o be regarded as a depariure from the spirit and scope of the

present subject matter, and all such modilfications and variations are intended {o be

included within the scope of the following claims.
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| claim:
1. A filrn comprising a polymer blend of,
(@) 01510 08 wi% of an LDPE having an Ml of 0.1 1o 06
dg/min; and
5 (b}  99.2 1o 88.85 wi% of an LLDPE produced with a single-
site catalyst comprising a metaliocene, and having a haze (Hieee). dart
impact {Dlpape), MD-Tear (MDTige), and a slice long chain branching
index of at least 0.90 for any portion of the composition having a
molecular weight of 100,000 or above,
16 wherein the film has a haze (HZpena), 8 dart impact (Dluena), and
an MD-Tear (MDToieng), and
Hblena = 8" Hape, wWhere a is 0.20 to 0.70;
Dlstend = b Dlygpe, where bis 0.9 to 1.3; and
MO Toena = 6"MDThgpe, where cis 0.8 to 1.1,

15 2 The film of claim 1 wherein the film is formed from an extrudate of the
blend.
3. The film of claim 1 wherein the LDPE is present in an amount from
(.25 {0 0.6 wi%.
4, The film of claim 1 wheresin the polymer blend contains less than 1000
20 ppm of additives selecled from antiblocks, ship agents and mixiures

thereof, and ais 0.20 10 0.30.
The film of claim 1 wherein the LDPE Ml is 0.1 {0 0.4 dg/min.
The film of claim 1 wherein the LLDPE is & copolymer of ethyvlene and
a comonomer seleclad from 1-butens, t-hexene or 1-octens.
35 7. The film of claim 6§ wherein the comonomaer is 1-butene or 1-hexens.
8. The film of claim 6§ wherein the comonomaer is present in an amount
from 2 10 12 wi%.
9. The film of claim 1 produced by a blown film process.
10.  The film of claim 1 wherein the calalyst comprises a hybrid catalyst.
36 1. Aprocess comprising forming a film comprising a polymer blend of:
(8} (.15 to0 0.8 wit% of an LDPE having an Mi of 8.1 {0 0.8 dg/min;
and
(b}  98.2 to 99.85 wi% of an LLDPE produced with a single site

catalyst comprising a metallocens, and having a haze (He). a dart
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1

12.

13.

impact (Blipe}, an MD-Tear (MDTiape}, and a slice long chain branching
index of at ieast 0.90 for any portion of the composition having a
molecular weight of 100,000 or abovs,

wherein the film has a haze (HZyena}, @ dart impact {Dlyena), and
an MD-Tear (MDTyienq), and

Hviene = 8" HZigpe, where a2 {2 0.20 10 0.70;

Dloiena = B Dligpe, where bis 0.8 10 1.3; and

MDTuena = ¢*"MDTigpe, where cis 0.8 1o 1.1.
The process of claim 11 wherein the film is formed from an extrudate of
the blend.
The process of claim 12 wherein the LDPE is present in an amount
from 0.3 to 0.6 wi%.
The process of claim 11 wherein the LDPE Mi iz 0.1 to 0.4 dg/min.
The process of claim 11 wherein the catalyst comprises a hybrid

catalyst.
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