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Description
BACKGROUND OF THE INVENTION
1. Technical Field
[0001] The invention relates to formulations and processes for random copolymers. More particularly, the invention
relates to formulations and processes for preparing random copolymers having properties that may be particularly

desirable for preparing thermoformed and blow molded articles.

Background of the Art

[0002] Propylene materials are among the most versatile and commonly used thermoplastics In the world today.
Commercial grade polypropylenes are typically produced using either a Ziegler-Natta, succinate or metallocene catalyst
mechanism in a polymerization process. Many industries, such as the packaging Industry, utilize these polypropylene
materials in various manufacturing processes, such as extrusion, injection molding, thermoforming and blow molding to
create a variety of finished goods.

[0003] Within the packaging Industry, there may be a number of unique applications that ideally require strong and
substantially clear polymers. Medical articles, food storage containers, and other products that may readily be formed
by thermoforming and blow molding techniques are used in various applications where they are in direct contact with
blood or other bodily fluids, or with food or other items that are to be ingested or taken into the body. For these uses it
may be desirable to use polymers having high clarity and strength and a very low extractables content.

[0004] Thermoforming and blow molding are two of the most rapidly growing technologies in rigid plastics processing.
These manufacturing methods require certain desirable properties and characteristics of polymers to achieve better
processibility. Traditionally, Ziegler-Natta catalyzed polypropylenes have been used in these applications, as exemplified
by WO 2004/033509 because they may exhibit greater strength and stiffness In the finished product. However, it is
generally known that other types of polypropylenes, such as the metallocene catalyzed polypropylenes, may exhibit
lower extractables and higher clarity. Despite these advantages; however, thermoforming and blow molding of metal-
locene catalyzed polypropylenes have been generally avoided, because the metallocene polypropylenes also usually
have a narrower molecular weight distribution and somewhat lower melt temperature than other available polymeric
materials. These qualities are undesirable because they result in poor sag resistance.

[0005] Accordingly, it may be desirable in the art to discover a way to obtain, in a polypropylene, the advantages of
relatively low extractables and relatively high clarity while avoiding or reducing the problems that are usually seen when
metallocene catalyzed polypropylenes are employed in thermoformed and blow molded applications.

SUMMARY OF THE INVENTION

[0006] The invention is a process for preparing a propylene-ethylene random copolymer formulation for thermoforming
or blow molding comprising:

- contacting propylene and ethylene monomers and a metallocene catalyst under polymerization reaction conditions
to obtain a copolymer, wherein the copolymer is prepared from a propylene monomer and, incorporated therewith,
from 0.1 to 1.5 weight percent ethylene based on the total copolymer and wherein the metallocene catalyst comprises
a metallocene catalyst component, an alkyl alumoxane activator/cocatalyst component, and a particulate silica
support; with at least half of the activator/co-catalyst disposed within the internal pore volume of the silica and the
metallocene reactively supported on the activator/cocatalyst-impregnated silica particles thereby obtaining arandom
propylene-ethylene copolymer, having an ethylene content of from 0.1 to 1.5 weight percent based on the copolymer,
the copolymer having a flexural modulus of at least 1,100 MPa, a haze of less than 40 percent for a 40-mil thick
sheet, a melt flow of from 1.0 dg/min to 3.0 dg/min, and a xylene solubles content from 0.2 weight percent to 1.5
weight percent based on the copolymer.

[0007] In another embodiment, the invention is an article of manufacture prepared from the random copolymer.
DETAILED DESCRIPTION OF THE INVENTION
[0008] The invention solves the problems enumerated above by providing a random polypropylene copolymer that,

when thermoformed or blow molded, may exhibit sufficient melt strength, also called sag resistance, relatively low
extractables (also called xylene solubles) and relatively high clarity. Other desirable properties may Include desirable
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levels of taste and odor resistance and stain resistance, and enhanced processability in thermoforming and blow molding
applications. The random copolymer may be used alone or as the major component in a formulation that may contain
minor amounts of additives such as thermal stabilizers, clarity-enhancing agents, and the like.

[0009] Therandom copolymer is desirably a propylene-ethylene copolymer prepared from a propylene monomer and,
incorporated therewith, from 0.1 to 1.5 weight percent ethylene based on the total copolymer. In some embodiments
the ethylene may be desirably from 0.5 to 1.5 weight percent. The ethylene molecules may be Inserted randomly into
the polymer backbone between repeating propylene moieties, hence the name random copolymer.

[0010] To prepare the inventive random copolymers, a metallocene catalyst is selected for the polymerization. In
general, metallocene catalysts allow for better control of the crystalline structure of the copolymer, with the result that
the copolymer may enjoy decreased isotacticity which, in turn, may result in enhanced clarity. Use of the metallocenes
may also reduce molecular weight distribution which may also result in enhanced clarity by means of more uniform
crystal size. Use of the metallocene catalyst may contribute to the relative reduction In the resulting xylene solubles
content of the copolymer, which again contributes to improved clarity.

[0011] Metallocene catalysts may be characterized generally as coordination compounds incorporating one or more
cyclopentadienyl (Cp) groups (which may be substituted or unsubstituted, each substitution being the same or different)
coordinated with a transition metal through n bonding.

[0012] The Cp substituentgroups may be linear, branched or cyclic hydrocarbylradicals. The cyclic hdrocarbyl radicals
may further form other contiguous ring structures, Including, for example indenyl, azulenyl and fluorenyl groups. These
additional ring structures may also be substituted or unsubstituted by hydrocarbylradicals, such as C, to C,q hydrocarbyl
radicals.

[0013] A specific example of a metallocene catalyst may be a bulky ligand metallocene compound generally repre-
sented by the formula:

[LlmMIAT,

where L may be a bulky ligand, A may be a leaving group, M may be a transition metal and m and n are such that the
totalligand valency corresponds to the transition metal valency. For example m may be from 1to 3and n may befrom 1to 3.
[0014] Inone embodiment the metallocene catalyst may desirably be selected from the group termed the "CpFlu-type"
catalysts. Particularly useful herein Is the isospecific substituted CpFlu-type metallocene catalyst group. Such are fre-
quently supported catalysts that comprise a metallocene catalyst component, an alkyl alumoxane cocatalyst component,
and a particulate silica support. The metallocene catalyst incorporates a substituted cyclopentadienyl fluorenyl ligand
structure and may be characterized by the formula

X(CPR1yR2 ) (FIR3;))

wherein Cp may be a cyclopentadienyl group; FI may be a fluorenyl group; X may be a structural bridge between Cp
and FI Imparting stereorigidity to the metallocene; R1 may be a substituent on the cyclopentadlenyl group; n1 may be
1 or 2; R2 may be a substituent on the cyclopentadienyl group at a position which may be proximal to the bridge; m may
be 1 or 2; each R3 may be the same or different and may be a hydrocarbyl group having from 1 to 20 carbon atoms
with R3 being substituted on a nonproximal position on the fluorenyl group and at least one other R3 being substituted
at an opposed nonproximal position on the fluorenyl group; and n2 may be 2 or 4.

[0015] Where the catalyst is supported, the support may be silica having an average particle size from 10 to 50 microns
and a surface area from 200 to 800 m2/g or, In another embodiment, 300 to 800 m2/g. The support desirably has a pore
volume from 0.9 to 2.1 milliliters per gram (ml/g). The metallocene component may be desirably supported on the silica
support in an amount of at least 1 weight percent of the combined amount of the silica and the alumoxane. Desirably,
the metallocene component may be present on the silica support in an amount of at least 1.5 weight percent. The
alumoxane cocatalyst component may be incorporated onto the silica support to provide a weight ratio of alumoxane to
silica of at least 0.8:1 and desirably at least 1:1. In one embodiment the catalyst may be a racemic-M,Si(2M-Phlind),
ZrCl, on 0.7/1 MAO on P10 silica, where M may be a transition metal selected from Groups 4, 5 or 6, Ph may be phenyl,
and Ind may be indenyl. MAO may be methylalumoxane, the activator/cocatalyst.

[0016] Preparation of metallocene catalysts in general may be found described In, for example, U.S. Patent 5,449,651,
In general, the silica support material may be first impregnated with the activator or cocatalyst, such as methylalumoxane,
In the given proportion, with at least half of the activator or co-catalyst being disposed within the internal pore volume
of the silica. The silica may be then contacted with a dispersion of the metallocene catalyst in a hydrocarbon, desirably
aromatic, solvent. The catalyst dispersion and silicawhich contains the activator or cocatalyst may then be mixed together
at a temperature of 10°C or less, for a period of time sufficient to enable the metallocene to become reactively supported
on the activator/cocatalyst-impregnated silica particles. This mixing time may vary from a few minutes to several hours.
The supported catalyst may be then recovered from the hydrocarbon solvent and may be generally washed. The washing
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may be done in stages. An aromatic hydrocarbon solvent wash may be done first. Following this, an optional second
wash may be carried out with a second aromatic hydrocarbon solvent to remove any unsupported metallocene from the
supported catalyst. Finally, a paraffinic hydrocarbon wash may be done to remove remaining aromatic solvent from the
supported catalyst. The washing procedures, like the mixing of the metallocene solvent dispersion and activator/cocat-
alyst-containing silica, may be desirably carried out at the relatively low temperature of 10°C or less. Following washing,
the washed catalyst may be left undried, with the result that it may contain a substantial residue of the paraffinic hydro-
carbon solvent.

[0017] Thereafter, the washed catalyst may be dispersed in a viscous mineral oil having a viscosity substantially
greater than that of the paraffinic hydrocarbon solvent. Typically, the mineral oil has a viscosity, at 40°C, of at least 65
centistokes as measured by ASTM D445, In contrast, the viscosity of the paraffinic hydrocarbon solvent may be less
than 1 centipoise at atemperature of about 10°C. This viscosity difference may remove most of the paraffinic hydrocarbon
solvent.

[0018] The final catalyst dispersion desirably may have a significant metal loading measured as weight percent in the
dispersion. In one embodiment this metal loading may be from 0.5 to 6 weight percent. In another embodiment this metal
loading may be from 1 to 3 weight percent, and in still another embodiment this metal loading may be 2 weight percent
in the dispersion.

[0019] Those skilled Inthe artwill appreciate that a variety of modifications In the above generalized catalyst preparation
method may be made without significantly altering the outcome. For example, the metallocene used with the invention
may be selected from any known metallocene catalysts useful for olefin preparation. Metallocene catalysts may be
characterized generally as coordination compounds incorporating one or more cyclopentadienyl (Cp) groups (which
may be substituted or unsubstituted, each substitution being the same or different) coordinated with a transition metal
through n bonding. The Cp substituent groups may be linear, branched or cyclic hydrocarbyl radicals. The cyclic hydro-
carbyl radicals may further form other contiguous ring structures, including, for example Indenyl, azulenyl and fluorenyl
groups. These additional ring structures may also be substituted or unsubstituted by hydrocarbyl radicals, such as C,
to C,g hydrocarbyl radicals.

[0020] A specific example of a metallocene catalyst is a bulky ligand metallocene compound generally represented
by the formula:

L1 MIA], Formula Il

where L Is a bulky ligand, A is a leaving group, M Is a transition metal and m and n are such that the total ligand valency
corresponds to the transition metal valency. For example m may be from 1 to 3 and n may be from 1 to 3.

[0021] The metal atom "M" of the metallocene catalyst compound may be selected from Groups 3 through 12 atoms
and lanthanide Group atoms In one embodiment; and selected from Groups 3 through 10 atoms in a more particular
embodiment, and selected from Sc, Ti, Zr, Hf, V, Nb, Ta, Mn, Re, Fe, Ru, Os, Co, Rh, Ir, and NI In yet a more particular
embodiment; and selected from Groups 4, 5 and 6 atoms In yet a more particular embodiment, and Ti, Zr, Hf atoms In
yet a more particular embodiment, and Zr in yet a more particular embodiment. The oxidation state of the metal atom
"M" may range from 0 to +7 In one embodiment; and in a more particular embodiment, Is +1, +2, +3, +4 or +5; and In
yet a more particular embodiment is +2, +3 or +4. The groups bound the metal atom "M" are such that the compounds
described below in the formulas and structures are electrically neutral, unless otherwise indicated.

[0022] The bulky ligand generally Includes a cyclopentadienyl group (Cp) or a derivative thereof. The Cp ligand(s)
form at least one chemical bond with the metal atom M to form the "metallocene catalyst compound". The Cp ligands
are distinct from the leaving groups bound to the catalyst compound in that they are not highly susceptible to substitu-
tion/abstraction reactions.

[0023] The Cp group typically includes fused ring(s) and/or substituted ring or fused ring systems. The ring(s) or ring
system(s) typically include atoms selected from group 13 to 16 atoms, for example, carbon, nitrogen, oxygen, silicon,
sulfur, phosphorous, germanium, boron, aluminum and combinations thereof, wherein carbon makes up at least 50%
of the ring members. Non-limiting examples include cyclopentadienyl, cyclopentaphenanthreneyl, Indenyl, benzindenyl,
fluorenyl, tetrahydroindenyl, octahydrofluorenyl, cyclooctatetraenyl, cyclopentacyclododecene, phenanthrindenyl, 3,4-
benzofluorenyl, 9-phenylfluorenyl, 8-H-cyclopent[a]acenaphthylenyl, 7-H-dibenzofluorenyl, indeno[1,2-9]anthrene, thi-
ophenoindenyl, thiophenofluorenyl, hydrogenated versions thereof (e.g., 4,6,6,7-tetrahydroindenyl, or "HuInd"), substi-
tuted versions thereof, and heterocyclic versions thereof.

[0024] Cp substituentgroups may include hydrogen radicals, alkyls, alkenyls, alkynyls, cycloalkyls, aryls, acyls, aroyls,
alkoxys, aryloxys, alkylthiols, dialkylamines, alkylamidos, alkoxycarbonyls, aryloxycarbonyls, carbomoyls, alkyl- and
dialkyl-carbamoyls, acyloxys, acylaminos, aroylaminos, and combinations thereof. More particular non-limiting examples
of alkyl substituents include methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclopentyl, cyclohexyl, benzyl, phenyl, methyl-
phenyl, and tert-butylphenyl groups and the like, including all their isomers, for example tertiary-butyl, isopropyl, and the
like. Other possible radicals Include substituted alkyls and aryls, optionally containing halogens such as, for example,
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fluoromethyl, fluroethyl, difluroethyl, iodopropyl, bromohexyl, chlorobenzyl and hydrocarbyl substituted organometalloid
radicals Including trimethylsilyl, trimethylgermyl, methyldiethylsilyl and the like; and halocarbyl-substituted organomet-
alloid radicals including tris(trifluoromethyl)silyl, methylbis(difluoromethyl)silyl, bromomethyldimethylgermyl and the like;
and disubstituted boron radicals Including dimethylboron for example; and disubstituted Group 15 radicals including
dimethylamine, dimethylphosphine, diphenylamine, methylphonylphosphine, Group 16 radicals including methoxy,
ethoxy, propoxy, phenoxy, methylsulfide and ethylsulfide. Other substituents R include olefins such as but not limited
to olefinically unsaturated substituents Including vinyl-terminated ligands, for example 3-butenyl, 2-propenyl, 5-hexenyl
and the like. In one embodiment, at least two alkyl groups, two adjacent alkyl groups in one embodiment, are joined to
form a ring structure having from 3 to 30 atoms selected from the group consisting of carbon, nitrogen, oxygen, phos-
phorous, silicon, germanium, aluminum, boron and combinations thereof. Also, a substituent alkyl group such as 1-
butanyl may form a bonding association to the element M.

[0025] Each anionic leaving group is Independently selected and may Include any leaving group, such as halogen
ions, hydrides, C, to C4, alkyls, C, to C¢, alkenyls, Cgto Cy, aryls, C; to Cyq alkylaryls, C4 to C4, alkoxys, Cg to Cyg
aryloxys, Oy to C4g alkylaryloxys, C4 to C45 fluoroalkyls, Cg to C4, fluoroaryls, and C4 to C¢, heteroatom-containing
hydrocarbons and substituted derivatives thereof; hydride, halogen ions, C4 to Cg alkylcarboxylates, C, to Cq fluorinated
alkylcarboxylates, Cg to C45 arylcarboxylates, C; to C4g alkylarylcarboxylates, C4 to Cg fluoroalkyls, C, to Cg fluoroalke-
nyls, and C; to C4 fluoroalkylaryls In yet a more particular embodiment; hydride, chloride, fluoride, methyl, phenyl,
phenoxy, benzoxy, tosyl, fluoromethyls and fluorophenyls in yet a more particular embodiment; C, to C,, alkyls, C, to
C45 alkenyls, Cg to Cy5 aryls, C; to Cy alkylaryls, substituted C4 to Cy, alkyls, substituted Cg to Cy, aryls, substituted
C; to Cyq alkylaryls and C4 to C¢, heteroatom-containing alkyls, C4 to C4, heteroatom-containing aryls and C4 to C4,
heteroatom-containing alkylaryls in yet a more particular embodiment; chloride, fluoride, C4 to Cg alkyls, C, to Cgalkenyls,
C; to C4g alkylaryls, halogenated C, to Cg alkyls, halogenated C, to Cg alkenyls, and halogenated C; to C4g alkylaryls
In yet a more particular embodiment; fluoride, methyl, ethyl, propyl, phenyl, methylphenyl, dimethylphonyl, trimethylphe-
nyl, fluoromethyls (mono-, di- and trifluoromethyls) and fluorophenyls (mono-, di-, tri-, tetra- and pentafluorophenyls) in
yet a more particular embodiment; and fluoride in yet a more particular embodiment.

[0026] Other non-limiting examples of leaving groups include amines, phosphines, ethers, carboxylates, dienes, hy-
drocarbon radicals having from 1 to 20 carbon atoms, fluorinated hydrocarbon radicals (e.g., --C¢F 5 (pentafluorophenyl)),
fluorinated alkylcarboxylates (e.g., CF3C(0O)O"), hydrides and halogen lons and combinations thereof. Other examples
of leaving groups include alkyl groups such as cyclobutyl, cyclohexyl, methyl, heptyl, tolyl, trifluoromethyl, tetramethylene,
pentamethylene, methylidene, methyoxy, ethyoxy, propoxy, phenoxy, bis(N-methylanilide), dimethylamide, dimethyl-
phosphide radicals and the like. In one embodiment, two or more leaving groups form a part of a fused ring or ring system.
[0027] L and A may be bridged to one another. In catalysts where there are two L groups, they may be bridged to
each other. A bridged metallocene, for example may, be described by the general formula:

XCpACpBMA,, FORMULA III

wherein X is a structural bridge, Cp” and CpB each denote a cyclopentadienyl group, each being the same or different
and which may be either substituted or unsubstituted, M is a transition metal and A is an alkyl, hydrocarbyl or halogen
group and n is an integer between 0 and 4, and either 1 or 2 In a particular embodiment.

[0028] Non-limiting examples of bridging groups (X) include divalent hydrocarbon groups containing at least one Group
13 to 16 atom, such as but not limited to at least one of a carbon, oxygen, nitrogen, silicon, aluminum, boron, germanium
and tin atom and combinations thereof; wherein the heteroatom may also be C, to C, alkyl or aryl substituted to satisfy
neutral valency. The bridging group may also contain substituent groups as defined above including halogen radicals
and iron. More particular non-limiting examples of bridging group are represented by C4 to Cg alkylenes, substituted C4
to Cg alkylenes, oxygen, sulfur, R,C=, R,Si=, --Si(R),Si(R,)--, R,Ge=, RP=(wherein "=" represents two chemical bonds),
where R is independently selected from the group hydride, hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, hydrocarbyl-substituted organometalloid, halocarbyl-substituted organometalloid, disubstituted boron, dis-
ubstituted Group 15 atoms, substituted Group 16 atoms, and halogen radical; and wherein two or more Rs may be joined
to form a ring or ring system. In one embodiment, the bridged metallocene catalyst component has two or more bridging
groups (X).

[0029] Other non-limiting examples of bridging groups Include methylene, ethylene, ethylidene, propylidene, isopro-
pylidene, diphenylmethylene, 1,2-dimethylethylene, 1,2-diphenylethylene, 1,1,2,2-tetramethylethylene, dimethylsilyl, di-
ethylsilyl, methyl-ethylsilyl, trifluoromethylbutylsilyl, bis(trifluoromethyl)silyl, di(n-butysilyl, di(n-propyl)silyl, di(l-propyl)si-
lyl, di(n-hexyl)silyl, dicyclohexylsilyl, diphenylsilyl, cyclohexylphenylsilyl, t-butylcyclohexylsilyl, di(t-butylphenyl)silyl, di(p-
tolyl)silyl and the corresponding moieties, wherein the Si atom is replaced by a Ge or a C atom; dimethylsilyl, diethylsilyl,
dimethylgermyl and/or diethylgermyl. The bridging groups may also have carbons or silicons having an olefinic substit-
uent.

[0030] In another exemplary catalyst, the bridging group may also be cyclic, and include 4 to 10 ring members or 5 to
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7 ring members in a more particular embodiment. The ring members may be selected from the elements mentioned
above, and/or from one or more of B, C, Si, Ge, N and O in a particular embodiment. Non-limiting examples of ring
structures which may be present as or part of the bridging moiety are cyclobutylidene, cyclopentylidene, cyclohexylidene,
cycloheptylidene, cyclooctylidene and the corresponding rings where one or two carbon atoms are replaced by at least
one of Si, Ge, Nand O, in particular, Si and Ge. The bonding arrangement between the ring and the Cp groups may be
cls-, trans-, or a combination thereof.

[0031] The cyclic bridging groups may be saturated or unsaturated and/or carry one or more substituents and/or be
fused to one or more other ring structures. If present, the one or more substituents are selected from the group hydrocarbyl
(e.qg., alkyl such as methyl) and halogen (e.g., F, Cl) In one embodiment. The one or more Cp groups which the above
cyclic bridging moieties may optionally be fused to may be saturated or unsaturated and are selected from the group of
those having 4 to 10 ring members, more particularly 5, 6 or 7 ring members (selected from the group of C,N, O and S
in a particular embodiment) such as, for example, cyclopentyl, cyclohexyl and phenyl. Moreover, these ring structures
may themselves be fused such as, for example, in the case of a naphthyl group. Moreover, these (optionally fused) ring
structures may carry one or more substituents. Illustrative, non-limiting examples of these substituents are hydrocarbyl
(particularly alkyl) groups and halogen atoms.

[0032] The metallocene catalysts also Includes the CpFlu family of catalysts (e.g., a metallocene incorporating a
substituted Cp fluorenyl ligand structure) represented by the following formula:

X(CpR1nR2m)(FIu3p) Formula IV

wherein Cp is a cyclopentadienyl group, Fl is a fluorenyl group, X is a structural bridge between Cp and Flu, R' Is a
substituent on the Cp, n Is 1 or 2, R? is a substituent on the Cp at a position which Is proximal to the bridge, m Is 1 or
2, each R3 is the same or different and Is a hydrogen or a hydrocarbyl group having from 1 to 20 carbon atoms with R3
being substituted on a nonproximal position on the fluorenyl group and at least one other R3 being substituted at an
opposed nonproximal position on the fluorenyl group and p is 2 or 4.

[0033] Another family of the metallocene catalyst includes bridged mono-ligand metallocene compounds (e.g., mono
cyclopentadienyl catalyst components). In this embodiment, at least one metallocene catalyst component is a bridged
"half-sandwich" metallocene catalyst. In yet another aspect of the invention, the at least one metallocene catalyst com-
ponent is an unbridged "half sandwich" metallocene. The "half sandwich" metallocenes above are alternatively and
further described in U.S. Pat. No. 6,069,213, U.S. Pat. No. 5,026,798, U.S. Pat. No. 5,703,187, and U.S. Pat. No.
5,747,406, including a dimer or oligomeric structure, such as disclosed In, for example, U.S. Pat. No. 5,026,798 and
U.S. Pat. No. 6,069,213, which are Incorporated by reference herein.

[0034] Non-limiting examples of metallocene catalyst components include:

cyclopentadienylzirconiumA,,

indenylzirconiumA,,,

(1-methylindenyl)zirconiumA,,,

(2-methylindenyl)zirconiumA,,,

(1-propylindenyl)zirconiumA,,,

(2-propylindenyl)zirconiumA,,,

(1-butylindenyl)zirconiumA,,

(2-butylindenyl)zirconiumA,,,

methylcyclopentadienylzirconiumA,,,

tetrahydroindenylzirconiumA,,,

pentamethylcyclopentadienylzirconiumA,,,

cyclopentadienylzirconiumA,,,

pentamethylcyclopentadienyltitaniumA,,

tetramethylcyclopentyltitaniumA,,,

(1,2,4-trimethylcyclopentadienyl)zirconiumA,,,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(cyclopentadienyl)zirconiumA,,,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(1,2,3-trimethylcyclopentadienyl)zirconiumA,,,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(1,2-dimethylcyclopentadienyl)zirconiumA,,,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(2-methylcyclopentadienyl)zirconiumA,,,
dimethylsilylcyclopentadienylindenylzirconiumA,,
dimethylsilyl(2-methylindenyl)(fluorenyl)zirconiumA,,,
diphenylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(3-propylcyclopentadienyl)zirconiumA,,
dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(3-t-butylcyclopentadienyl)zirconiumA,,
dimethylgermyl(1,2-dimethylcyclopentadienyl)(3-isopropylcyclopentadienyl)zirconiumA,,,
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dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(3-methylcyclopentadienyl)zirconiumA,,
diphenylmethylidene(cyclopentadienyl)(9-fluorenyl)zirconiumA,,
diphenylmethylidenecyclopentadienylindenylzirconiumA,,
isopropylidenebiscyclopentadienylzirconiumA,,,
isopropylidene(cyclopentadienyl)(9-fluorenyl)zirconiumA,,,
isopropylidene(3-methylcyclopentadienyl)(9-fluorenyl)zirconiumA,,
ethylenebis(9-fluorenyl)zirconiumA,,,
mesoethylenebis(1-indenyl)zirconiumA,,,
ethylenebis(1-indenyl)zirconiumA,,,
ethylenebis(2-methyl-1-indenyl)zirconiumA,,,
ethylenebis(2-methyl-4,5,6,7-tetrahydro-1-indenyl)zirconiumA,,,
ethylenebis(2-propyl-4,5,6,7-tetrahydro-1-indenyl)zirconiumA,,,
ethylenebis(2-isopropyl-4,5,6,7-tetrahydro-1-indenyl)zirconiumA,,,
ethylenebis(2-butyl-4,5,6,7-tetrahydro-1-indenyl)zirconiumA,,,
ethylenebis(2-isobutyl-4,5,6,7-tetrahydro-1-indenyl)zirconiumA,,,
dimethylsilyl(4,5,6,7-tetrahydro-1-indenyl)zirconiumA,,,
diphenyl(4,5,6,7-tetrahydro-1-indenyl)zirconiumA,,

ethylenebls(4,5,6,7-tetrahydro-1-indenyl)zirconiumA,,, dimethylsilylbis(cyclopentadienyl)zirconiumA,,,

dimethylsilylbis(9-fluorenyl)zirconiumA,,,

dimethylsilylbis(1-indenyl)zirconiumA,,,
dimethylsilylbis(2-methylindenyl)zirconiumA,,,
dimethylsilylbis(2-propylindenyl)zirconiumA,,,
dimethylsilylbis(2-butylindenyl)zirconiumA,,,
diphenylsilylbis(2-methylindenyl)zirconiumA,,
diphenylsilylbis(2-propylindenyl)zirconiumA,,,
diphenylsilylbis(2-butylindenyl)zirconiumA,,,
dimethylgermylbis(2-methylindenyl)zirconiumA,,,
dimethylsilylbistetrahydroindenylzirconiumA,,,
dimethylsilylbistetramethylcyclopentadienylzirconiumA,,,
dimethylsilyi(cyclopentadlenyl)(9-fluorenyl)zirconiumA,,,
diphenylsilyl(cyclopentadienyl)(9-fluorenyl)zirconiumA,,
diphenylsilylbisindenylzirconiumA,,.
cyclotrimethylenesilyltetramethylcyclopentadianylcyclopentadienylzirconiumA,
cyclotetramethylenesilyltetramethylcyclopentadienylcyclopentadienylzirconlum A,
cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(2-methylindenyl)zirconiumA,,,
cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(3-methylcyclopentadienyl)zirconiumA,,
cyclotrimethylenesilylbis(2-methylindenyl)zirconiumA,,
cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(2,3,5-trimethylclopentadienyl)zirconiumA,,,
cyclotrimethylonesilylbis(tetramethylcyclopentadienyl)zirconiumA,,,
dimethylsilyl(tetramethylcyclopentadieneyl)(N-tertbutylamidojtitaniumA,,,
biscyclopentadlenylchromlumA,,

biscyclopentadienylzirconiumA,,,

bis(n-butylcyclopentadienyl)zirconiumA,,,
bis(n-dodecyclcyclopentadienyl)zirconiumA,,,
bisethylcyclopentadienylzirconiumA,,,

bisisobutylcyclopentadienylzirconlumA,,,
bisisopropylcyclopentadianylzirconiumA,,,
bismethylcyclopentadienylzirconiumA,,,

bisnoxtylcyclopentadienylzirconiumA,,

bis(n-pentylcyclopentadienyl)zirconiumA,,,
bis(n-propylcyclopentadionyl)zirconiumA,,,
bistrimethylsilylcyclopentadienylzirconiumA,,,
bis(1,3-bis(trimethylsilyl)cyclopentadienyl)zirconiumA,,,
bis(1-ethyl-2-methylcyclopentadienyl)zirconiumA,,
bis(1-ethyl-3-methylcyclopentadienyl)zirconiumA,,
bispentamethylcyclopentadienylzirconiumA,,,
bispentamethylcyclopentadienylzirconiumA,,,
bis(1-propyl-3-methylcyclopentadienyl)zirconlumA,,
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bis(1-n-butyl-3-methylcyclopentadienyl)zirconiumA,,,
bls(1-isobutyl-3-methylcyclopentadienyl)zirconlumA,,,
bis(1-propyl-3-butylcyclopentadienyl)zlrconiumA,,,
bis(1,3-n-butylcyclopentadienyl)zirconiumA,,,
bis(4,7-dimethylindenyl)zirconiumA,,

bisindenylzirconiumA,,,

bis(2-methylindenyl)zirconiumA,,,

cyclopentadienylindenylzirconiumA,,,
bis(n-propylcyclopentadienyl)hafniumA,,
bis(n-butylcyclopentadienyl)hafniumA,,
bis(n-pentylcyclopentadienyl)hafniumA,,
(n-propylcyclopentadienyl)(n-butylcyclopentadienyl)hafhiumA,,,
bis[(2-trimethylsilylethyl)cyclopentadianyllhafhiumA,,
bis(trimethylsilylcyclopentadienyl)hafniumA,,,
bis(2-n-propylindenyl)hafniumA,,,

bis(2-n-butylindenyl)hafniumA,,,
dimethylsilylbis(n-propylcyclopentadienyl)hafniumA,,,
dimethylsilylbis(n-butylcyclopentadienyl)hafniumA,,,
bis(9-n-propylfluorenyl)hafniumA,,,

bis(9-n-butylfluorenyl)hafniumA,,
(9-n-propylfluorenyl)(2-n-propylindenyl)hafniumA,,,
bis(1-n-propyl-2-methylcyclopentadienyl)hafniumA,,,
(n-propylcyclopentadienyl)(1-n-propyl-3-n-butylcyclopentadienyl)hafniumA,,,
dimethylsilyltetramethylcyclopentadienylcyclopropylamidotitaniumA,,
dimethylsilyltetramethylcyclopentadienylcyclobutylamidotitaniumA,,,
dimethylsilyltetramethylcyclopentadienylcyclopentylamidotitaniumA,,,
dimethylsilyltetramethylcyclopentadienylcyclohexylamidotitaniumA,,,
dimethylsilyltetramethylcyclopentadienylcycloheptylamidotitaniumA,,,
dimethylsilyltetramethylcyclopentadienylcyclooctylamidotitaniumA,,
dimethylsilyltetramethylcyclopentadienylcyclononylamidotitaniumA,,,
dimethylsilyltetramethylcyclopentadienylcyclodecylamidotitaniumA,,
dimethylsilyltetramethylcyclopentadienylcycloundecylamidotitaniumA,,,
dimethylsilyltetramethylcyclopentadienylcyclododecylamidotitaniumA,,,
dimethylsilyltetramethyloyclopentadionyl(sec-butylamido)titaniumA,,,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titaniumA,,,
dimethylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titaniumA,,,
dimethylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titaniumA,,,
methylphenylsilyltetramethylcyclopentadienylcyclopropylamidotitaniumA,,,
methylphenylsilyltetramethylcyclopentadienylcyclobutylamidotitaniumA,,,
methylphenylsilyltatramethylcyclopentadienylcyclopentylamidotitaniumA,,,
methylphenylsilyltetramethylcyclopentadianylcyclohexylamidotitaniumA,,,
methylphenyisilyltetramethylcyclopentadianylcycloheptylamidotitaniumA,,,
methylphenylsilyltetramethylcyclopentadienylcyclooctylamidotitaniumA,,,
methylphenylsilyltetramethylcyclopentadionylcyclononylamidotitaniumA,,,
methylphenylsilyltetramethylcyclopentadienylcyclodecylamidotitaniumA,,,
methylphenylsilyltetramethylcyclopentadienylcycloundecylamidotitaniumA,,,
methylphenylsilyltetramethylcyclopentadienylcyclododecylamidotitaniumA,,,
methylphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titaniumA,,
methylphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titaniumA,,,
methylphenylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titaniumA,,,
methylphenylsilyl(tetramethylcyclopentadienyl)(n-octadecylamidojtitaniumA,,,
diphenylsilyltetramethylcyclopentadienylcyclopropylamidotitaniumA,,,
diphenylsilyltetramethylcyclopentadienylcyclobutylamidotitaniumA,,,
diphenylsilyltetramethylcyclopentadienylcyclopentylamidotitaniumA,,,
diphenylsilyltetramethylcyclopentadionylcyclohoxylamidotitaniumA,,
diphenyisilyltetramethylcyclopentadienylcycloheptylamidotitaniumA,,,
diphenylsilyltetramethylcyclopentadienylcyclooctylamidotitaniumA,,
diphenylsilyltetramethylcyclopentadienylcyclononylamidotitaniumA,,,



10

15

20

25

30

35

40

45

50

55

EP 1 819 744 B1

diphenylsilyltetramethylcyclopentadienylcyclodecylamidotitaniumA,,,
diphenylsilyltetramethylcyclopentadienylcycloundecylamidotitaniumA,,,
diphenylsilyltetramethylcyclopentadienylcyclododecylamidotitaniumA,,,
diphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamidojtitaniumA,,,
diphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titaniumA,,,
diphenylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titaniumA,,,
diphenylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titaniumA,,,
and derivatives thereof.

[0035] Metallocene catalysts may be supported or unsupported. Typical support materials may include talc, inorganic
oxides, clays and clay minerals, ion-exchanged layered compounds, diatomaceous earth compounds, zeolites or a
resinous support material, such as a polyolefin. Specific inorganic oxides include silica, alumina, magnesia, titania and
zirconia, for example. The inorganic oxides used as support materials may have an average particle size of from 5
microns to 600 microns, or from 10 microns to 100 microns, a surface area of from 50 m2/g to 1,000 m2/g, or from 100
m2/g to 400 m2/g, a pore volume of from 0.5¢c/g to 3.5 cc/g, or from 0.5 cc/g to 2 cc/g.

[0036] Desirable methods for supporting metallocene ionic catalysts are known in the art and described in, for example,
U.S. Patent No. 5,643,847. The methods generally include reacting neutral anion precursors that are sufficiently strong
Lewis acids with the hydroxyl reactive functionalities present on the silica surface such that the Lewis acid becomes
covalently bound. Activators may also be incorporated onto the support, using processes such as those disclosed in,
for example, U.S. Patent Nos. 6,777,366 and 6,777,367, both to Gauthier, et al.

[0037] To prepare a polymer it is necessary, in general, to contact the monomer or mixture of monomers and the given
metallocene catalyst and the described cocatalyst(s). In certain cases It Is desirable that the catalyst has been preacti-
vated. Those skilled in the art will understand that this refers to subjecting the metallocene catalyst to conditions that
promote the desired interaction between the activator or cocatalyst and the metallocene. The most commonly employed
method of activating a catalyst is simply heating it to a sufficient temperature and for a sufficient time, determined as a
matter of routine experimentation. This is discussed further in, for example, U.S. Patent 6,180,732, Other methods can
be used. Those skilled In the art will appreciate that modification In the above generalized preparation method may be
made without altering the outcome. Therefore, it will be understood that additional description of methods and means
of preparing the catalyst are outside of the scope of the invention, and that It is only the identification of the prepared
catalysts, as defined herein, that is necessarily described herein.

[0038] The metallocene catalysts described herein may be used to make homopolymers, copolymers and terpolymers
using monomers including ethylene and/or propylene. A variety of processes may be employed to prepare the polymers.
Among the varying approaches that may be used include procedures setforth in, for example, U.S. PatentNo. 5,625,678.
The equipment, process conditions, reactants, additives and other materials will, of course, vary in a given process,
depending on the desired composition and properties of the polymer being formed. For example, the processes discussed
in any of the following patents may be useful: U.S. Patent Nos. 6,420,580 6,380,328 6,359,072 6,346,586 6,340,730
6,339,134 6,300,436 6,274,684 6,271,323 6,248,846 6,245,868 6,245,705 6,242,545 6,211,105 6,207,606 6,180,735
and 6,147,173.

[0039] The catalyst systems described herein may be used over a wide range of temperatures and pressures. The
temperatures may be in the range of from 20°C to 280°C, or from 50°C to 200°C and the pressures employed may be
in the range of from 1 atmosphere to 500 atmospheres or higher. In general the temperatures, as well as other polym-
erization conditions including, for example, pressures, are frequently those at which previously employed cocatalysts,
such as TIBAI and/or TEAI, tend to form species which are soluble In the polymerization diluent. It is this ability to offer
production improvements under the same or similar production conditions that is an Important advantage of using the
invention. Such polymerization processes include solution, bulk, gas phase, slurry phase, high pressure processes, and
combinations thereof.

[0040] Examples of solution processes are described in U.S. Patent Nos. 4,271,060 5,001,205 5,236,998 and
5,589,555 and are incorporated herein.

[0041] One example of a gas phase polymerization process generally employs a continuous cycle, wherein a cycling
gas stream (otherwise known as a recycle stream or fluidizing medium) Is heated in a reactor by heat of polymerization.
The heat is removed from the recycle stream in another part of the cycle by a cooling system external to the reactor.
The gaseous stream containing one or more monomers may be continuously cycled through a fluidized bed in the
presence of a catalyst under reactive conditions. The gaseous stream |s withdrawn from the fluidized bed and recycled
back into the reactor. Simultaneously, polymer product is withdrawn from the reactor and fresh monomer is added to
replace the polymerized monomer. See, for example, U.S. Patent Nos. 4,543,399 4,588,790 5,028,670 5,317,036
5,352,749 5,405,922 5,436,304 5,456,471 5,462,999 5,616,661 and 5,668,228

[0042] The reactor pressure in a gas phase process may vary from 100 psig to 500 pslg, or from 200 to 400 psig, or
from 250 to 350 psig. The reactor temperature in a gas phase process may vary from 30°C to 120°C or 60°C to 115°C
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or 70°C to 110°C or 70°C to 95°C.

[0043] Othergasphase processes contemplated by the process includesthose describedinU.S. PatentNos. 5,627,242
5,665,818 and 5,677,375 and European publications EP-A-0 794 200 EP-A-0 802 202 and EP-B-634 421.

[0044] Slurry processes generally include forming a suspension of solid, particulate polymer In a liquid polymerization
medium, to which monomers and optionally hydrogen, along with catalyst, are added. The suspension, including the
polymerization diluent, may be intermittently or continuously removed from the reactor where the volatile components
may be separated from the polymer and recycled, optionally after a distillation, to the reactor. The liquefied diluent
employed in the polymerization medium is typically an alkane having from 3 to 7 carbon atoms, preferably a branched
alkane. The medium employed should be liquid under the conditions of polymerization and relatively inert, such as
hexane or, in one particularly desirable embodiment, isobutane.

[0045] The catalyst as a slurry or as a dry free flowing powder may be injected regularly to the reactor loop, which can
itself be filled with circulating slurry of growing polymer particles in a monomer. Hydrogen, optionally, may be added as
a molecular weight control. The reactor may be maintained at a pressure of from 27 bar (2.7 mPa) to 45 bar (4.5 mPa)
(and a temperature of from 38°C to 121°C. Reaction heat can be removed through the loop wall since much of the
reactor is in the form of a double-jacketed pipe. The slurry may exit the reactor at regular intervals or continuously to a
heated low pressure flash vessel, rotary dryer and a nitrogen purge column in sequence for removal of unreacted
monomer and comonomers. The resulted hydrocarbon free powder can then be compounded for use in various appli-
cations. Alternatively, other types of slurry polymerization processes can be used, such stirred reactors Is series, parallel
or combinations thereof.

[0046] A slurry and/or polymerization process generally includes pressures in the range of 1 to 60 atmospheres (0.10
to 6.06 mPa) and even greater and temperatures of from 0°C to 120°C.

[0047] Therefore, inview of the wide range of metallocene catalysts in use in the art, It will be understood that additional
description of methods and means of preparing the catalyst are outside of the scope of the Invention, and that It may
be only the identification of metallocenes as the required catalysts that may be necessarily described herein.

[0048] Once the catalyst has been thus obtained, It may be used to prepare the inventive random copolymers in any
polymerization protocol that may be typically or conventionally used or known in the art. Copolymer polymerizations
may be carried out in, for example, loop, slurry, continuous stirred tank, or other types of polymerization reactors which
enable introduction and appropriate mixing of monomer feedstocks. Reaction conditions, including time, temperature,
pressure, and residence profile, may be any known or used In the art. Agitation or mixing may be accomplished using
any conventional stirring or circulating means to ensure appropriate contact between the monomers and the catalyst.
[0049] Following such conventional polymerization to form the propylene-ethylene random copolymer, the random
copolymer may be admixed with other formulation components to prepare a formulated composition, also called a
formulation, that may be particularly useful for thermoforming and blow molding applications.

[0050] One potential formulation component may be a thermal stabilizer. Such an additive helps to protect the random
copolymer from degradation due to exposure to excessive temperatures. Examples of such Include, but are not limited
to, pentaerythritol tetrakis(3,6-di-tert-butyl-4-hydroxhydrocinnamate), which is commercially available from Ciba Spe-
cialty Chemicals Corporation under the tradname CIBA™ IRGANOX™ 1010, and tris(2,4-di-tort-butylphenyl)phosphite,
which is commercially available from the same company under the tradename CIBA™ IRGAFOS™ 168. Modified calcium
salts derived from stearic and lactic acids may also be employed for purposes of thermal stability, and may Include the
products called PATIONIC™ 940 and PATIONIC™ 1052, available from American ingredients Company. Other suitable
thermal stabilizers known or used In the art may also or alternatively be selected.

[0051] The thermal stabilizer, or combinations of thermal stabilizers, may be desirably employed in a formulation with
the inventive random copolymer In an amount from 400 ppm to 1500 ppm, more desirably from 500 ppm to 1200 ppm,
based on the copolymer.

[0052] Also includable in a formulation with the inventive random copolymer may be a clarity-enhancing agent. Clarity-
enhancing agents may enhance the aesthetic appeal of the formed product by making it more transparent, and may be
selected from two sub-groups known as nucleators and clarifiers. They may serve to speed production cycles and operate
by nucleating the polymer crystals and increasing the rate of crystal formation in the copolymer, both of which may result
In decreased average crystal size. Smaller crystals may scatter less light, which increases the clarity of the copolymer.
[0053] One or more clarity-enhancing agents may be selected from a variety of suitable materials that are known or
used in the art. Among those categorized as clarifiers are commercially available materials sold by Milliken Chemical
under the trade name MILLAD™. One such product Is MILLAD™ 3988, a powdered sorbitol product. Derivatives of
dibenzylidene sorbitol may be frequently employed. Other examples include IRGACLEAR™ DM-LO from Ciba Specialty
Chemicals, and ADK NA-21, an organophosphate material available from Amfine Chemical. Nucleators may include
ADK Na-11 and ADK Na-21 from Amfine Chemical. Nucleators may be most commonly aromatic carboxylic acid salts
such as sodium benzoate. Combinations of these and/or of other clarity-enhancing agents may be used in the invention,
and may be desirably selected In part for their ability to dissolve in the copolymer at applicable temperatures.

[0054] Where a clarifier Is selected as the clarity-enhancing agent or as a portion thereof, its amount In the inventive
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formulation is, In one embodiment, desirably from 500 ppm to 3,500 ppm, based on the random copolymer. In another
embodiment It may be desirably from 1,500 ppm to 3,500 ppm. In yet another embodiment It may be desirably from
1,700 ppm to 3,500 ppm. These ppm figures translate to a level based on weight percentages of from 0.10 weight percent
to 0.35 weight percent In the random copolymer.

[0055] Where a nucleator Is selected as the clarity-enhancing agent or as a portion thereof, its amount in the Inventive
formulation is, in one embodiment, desirably from 0.0001 to 1 weight percent. In another embodiment its amount may
be from 0.01 to 0.5 weight percent. In still another embodiment its amount may be from 0.01 to 0.3 weight percent, based
on the random copolymer.

[0056] It will be appreciated that additional formulation components may be Included, desirably provided that such do
not sufficiently alter the characteristics of the formulation such that It may be no longer suitable for effective thermoforming
or blow molding and/or no longer attains the remarkable and desirable properties claimed herein. These formulation
components may include, for example, additives to improve extrusion processing, such as fluoropolymers; ultra-violet
light stabilizers; oxidants or anti-oxidants; anti-static agents; fire retardants; processing oils; mold release agents; coloring
agents including pigments and dyes; fillers; combinations thereof; and the like.

[0057] The clarity-enhancing agent or combination of agents, and/or the thermal stabilizer or combination of stabilizers,
and/or any other selected formulation components may be admixed with the random copolymer via any protocol and
means known or used in the art. For example, in one embodiment the additive materials may be added to the random
copolymer which may be in the form of a powder or fluff, i.e., in the form in which it has been retrieved from the
polymerization reactor. Admixing may be done using a Banbury™ mixer or any other conventionally known or used
means or method of maximizing contact between all of the formulation components. Such may include solution blending,
solid state physical admixture, molten state admixture as a part of pelletization, extrusion admixture during formation of
a finished article, roll milling, screw extrusion, and the like. Where molten phase admixture Is selected, such may be
desirably carried out at a temperature from 140°C to 270°C. Those skilled In the art will be aware that convenience may
be balanced against obtaining a desired uniformity of the blend.

[0058] In some embodiments the random copolymer may exhibit certain particularly desirable properties. As noted
hereinabove, haze may be desirably less than 40 percent, or less than 30 percent, or even less than 25 percent, for a
40 mil sheet. Elongation at yield may be from 12 to 15 percent. Melt flow may be from 1.0 to 3.5 dg/min, and in some
embodiments may be from 2.0 to 3.5 dg/min.

[0059] Because of its advantageous properties, the final formulation may be highly desirable for preparing end use
articles of manufacture via methods including thermoforming and blow molding, and may also be useful for preparing
articles via methods including injection molding, sheet extrusion and the like, either in lieu of or in cooperation with a
thermoforming or blow molding operation. Using these methods a variety of types of articles may be prepared. These
articles include, in particular, hollow articles such as bottles and syringes, which may be typically blow-molded, and
articles that may be thermoformed from sheets. In these and other applications the desirable sag resistance, as shown
by the flexural modulus, melt strength, elongation viscosity, and temperature dependentflexural modulus of the copolymer
composition, enables convenient production of the articles.

[0060] The metallocene catalyzed random ethylene-propylene copolymers, and formulations including these copoly-
mers, having been generally described, the following examples are given as particular embodiments of the polymeric
material disclosed, and to demonstrate the practice and some of the advantages thereof. It is understood that the
examples are given by way of illustration and are not intended to limit the specification or the claims to follow in any
manner. Itis further understood that modifications and alterations may be made to the random copolymers or the process
of their preparation or the article prepared therefrom, such as, for example, selection of ethylene levels, preparation or
processing conditions, metallocene catalyst compositions, formulation components, copolymer properties, or the Iden-
tification of end use articles, not explicitly disclosed hereinabove but falling within the general description provided,
without departing from the scope of this Invention.

EXAMPLES

Example 1

[0061] A metallocene catalyzed propylene-ethylene random copolymer is prepared using a racemic-M,Si(2M-Phind),
ZrCl, on 0.7/1 MAO on P10 silica catalyst. The ethylene content of the random copolymer Is about 0.13 percent based
on the weight of the copolymer as a whole. This random copolymer is then combined with about 2550 ppm of MILLAD™
3988 clarifier, an additive package including IRGANOX™ 1010 and IRGAFOS™ 168, and about 500 ppm of a copolymer
extrusion promoter labeled VITON FREE FLOW™ (VFF), a fluoropolymer available from DuPont-Dow Chemical. See
Table 1 for additional formulation information. The formulation is tested for melt flow rate and xylene solubles. It is found
to have a meltflow rate of about 2.1 dg/min, and a xylene solubles content of about 0.3 percent by weight of the copolymer.
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Example 2

[0062] A metallocene catalyzed propylene-ethylene random copolymer is prepared using the same materials and
reaction conditions as in Example 1, except that the ethylene content of the final copolymer is about 1.5 weight percent
and about 2920 ppm of the MILLAD™ 3988 is used. Also included is an additive package similar to that of Example 1.
See Table 1 for additional formulation information. The resulting copolymer has a melt flow rate of about 3.5 dg/min and
a xylene solubles content of about 0.5 percent by weight of the copolymer.

Example 3 (Comparative)

[0063] A comparative polypropylene homopolymer is prepared using a standard Zlegler-Natta catalyst. It includes
about 1900 ppm of the MILLAD™ 3988 clarifier. See Table 1 for additional formulation information. For this homopolymer
the melt flow rate is about 1.8 dg/min and the xylene solubles content is about 3.7 percent by weight of the homopolymer.

Example 4 (Comparative)

[0064] A comparative propylene-ethylene random copolymer is prepared using a standard Ziegler-Natta catalyst. It
has an ethylene content of about 1.9 percent by weight of the copolymer, and about 2010 ppm of the MILLAD™ 3988
clarifier. See Table 1 for additional formulation Information. For this copolymer the melt flow rate Is about 1.7 dg/min
and the xylene solubles content Is about 4.2 percent by weight of the copolymer.

Example 5 (Comparative)

[0065] Extruded sheets are prepared using the polymers prepared in Examples 1-4. Each sheet Is 40-mil in thickness.
The sheets are tested for haze. The results are shown in Table 1, which also Includes the overall formulation information
and other data relative to Examples 1-4 for convenient visual comparison.

Table 1
Examples 1 Example 2 Example 3 (Comparative - Example 4 (Comparative -
homopolymer) copolymer)
Catalyst Metallocene | Metallocene Zlegler-Natta Zlegler-Natta
Melt Flow Rate, 2.1 3.5 1.8 1.7
dg/10 min
ethylene, wt% 0.13 1.50 0.00 1.90
Xylene 0.3 0.5 3.7 4.2
solubles, Wt%
IRGANOX™ 0.026 0.034 0.041 0.040
1010, wt%
MILLAD™ 0.255 0.292 0.189 0.201
3988, wt%
IRGAFOS™ 0.133 0.147 0.122 0.126
168, wt%
PATIONIC™ none 0.101 none 0.088
1052, Wt%
VFF, wt% 0.032 0.051 none none
Calcium none none none 0.094
stearate, wt%
% Haze, 40 mil 35.5 23.5 39.9 26.0
sheet
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[0066] The polymers prepared In Examples 1-4 are used to prepare injection molded samples of varying thickness
using standard injection molding procedures. The samples are used for physical properties testing, the results of which

are shown in Table 2.

Table 2
Example Example Example 3 (Comparative - Example 4 (Comparative -

1 2 homopolymer) copolymer)
Flexural Modulus (Chord 1516 1102 1585 1102
4-8N), MPa
Tensile Modulus, MPa 1378 1171 1378 1102
Tensile strength at (4900) (4300) (5100) 35.16 (4300) 29.65
yield,(psi) MPa 33.78 29.65
Tensile strength at (3100) (2700) (3200) 22.06 (3000) 20.68
break,(psi) MPa 21.37 18.61
Elongation at yield, % 12.3 14.4 14.2 17
Elongation at break, % >72 >72 57 >71
Heat distortion 88 80 89 75
temperature, °C
Melt temperature, °C 149 140 163 145
1/8 inch plaque :
Color L, plaque 76.2 76.8 77.2 76.7
Color a, plaque -1.1 -0.7 -1.1 -0.9
Color b, plaque 0.8 1.3 0.0 04
Yellowness Index 0.9 24 -1.0 0.0

Example 7

[0067] Sample food containers are prepared via a conventional thermoforming process using the random copolymer
of Example 1 and the polypropylene homopolymer of Example 3. The containers are tested for sidewall and bottom
haze at an average thickness of about 40 mils, with the results shown in Table 3.

Table 3
Example 1 | Example 3 (Comparative - homopolymer)
Haze, sidewall, % 15 31
Haze, bottom, % 32 44
Mass, grams 28 31

Claims

1. A process for preparing a propylene-ethylene random copolymer for thermoforming or blow molding comprising:

- contacting propylene and ethylene monomers and a metallocene catalyst under polymerization reaction
conditions to obtain a copolymer,

wherein the copolymer is prepared from a propylene monomer and, incorporated therewith, from 0.1 to 1.5
weight percent ethylene based on the total copolymer and wherein the metallocene catalyst comprises a
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metallocene catalyst component, an alkyl alumoxane activator/cocatalyst component, and a particulate
silica support; with at least half of the activator/co-catalyst disposed within the internal pore volume of the
silica and the metallocene reactively supported on the activator/cocatalyst-impregnated silica particles
thereby obtaining suitable to form a random propylene-ethylene copolymer, having an ethylene content of from 0.1
to 1.5 weight percent based on the copolymer,

the copolymer having a flexural modulus of at least about 1,100 MPa,

a haze of less than 40 percent for a 40-mil thick sheet,

a melt flow of from 1.0 dg/min to 3.0 dg/min, and

a xylene solubles content from 0.2 weight percent to 1.5 weight percent based on the copolymer.

The process of claim 1 wherein the ethylene content of the copolymer is from 0.5 to 1.5 weight percent based on
the copolymer.

The process of claim 1 wherein the copolymer has an elongation at yield from 12 to 15 percent.

The process of claim 1 further comprising admixing the random propylene-ethylene copolymer with one or more
additives selected from the group consisting of nucleating and clarifying clarity-enhancing agents; thermal stabilizers;
extrusion processing aids; ultra-violet light stabilizers; oxidants or anti-oxidants; anti-static agents; fire retardants;

processing oils; mold release agents; coloring agents including pigments and dyes; fillers; and combinations thereof.

The process of claim 4 wherein the clarity-enhancing agent is selected from the group consisting of clarifiers and
nucleators.

The process of claim 5 wherein the clarifier is in the amount of from 0.05 to 0.35 weight percent based on the
copolymer.

The process of claim 5wherein the nucleator is in the amountfrom 0.0001 to 1 weight percent based on the copolymer.
The process of claim 4 wherein the thermal stabilizer is in the amount from 400 to 1500 ppm based on the copolymer.

The process of claim 1 further comprising forming the copolymer into an article.

10. The process of claim 9 wherein the article is a thermoformed or blow molded article.

Patentanspriiche

1.

Verfahren zur Herstellung eines statistischen Propylen-Ethylen-Copolymers zum Warm- oder Blasformen, umfas-
send:

- In-Kontakt-bringen von Propylen- und Ethylen-Monomeren und eines Metallocen-Katalysators unter Polyme-
risationsreaktionsbedingungen, um ein Copolymer zu erhalten,

wobei das Copolymer aus einem Propylen-Monomer und 0,1 bis 1,5 Gewichtsprozent Ethylen bezogen auf das
Gesamt-Copolymer darin eingemischt hergestellt wird, und wobei der Metallocen-Katalysator eine Metallocen-Ka-
talysatorkomponente, eine Alkylalumoxan-Aktivator-/Cokatalysatorkomponente und einen Siliciumdioxid-Teilchen-
trager umfasst;

wobei mindestens die Halfte des Aktivators/Cokatalysators innerhalb des inneren Porenvolumens des Siliciumdio-
xids angeordnet ist, und das Metallocen reaktiv auf den Aktivator-/Cokatalysator-impragnierten Siliciumdioxid-Teil-
chen getragen wird, um dadurch geeignetes zu erhalten, um ein statistisches Propylen-Ethylen-Copolymer mit
einem Ethylengehalt von 0,1 bis 1,5 Gewichtsprozent bezogen auf das Copolymer zu bilden,

wobei das Copolymer einen Biegemodul von mindestens 1.100 MPa,

eine Triibung von weniger als 40 Prozent fiir eine Folie von 40 mil Dicke,

einen Schmelzfluss von 1,0 dg/min bis 3,0 dg/min und

einen Gehaltan xylenléslichen Stoffenvon 0,2 Gewichtsprozent bis 1,5 Gewichtsprozent bezogen auf das Copolymer
aufweist.

Verfahren nach Anspruch 1, wobei der Ethylengehalt des Copolymers 0,5 bis 1,5 Gewichtsprozent bezogen auf
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das Copolymer betragt.
3. Verfahren nach Anspruch 1, wobei das Copolymer eine Streckdehnung von 12 bis 15 % aufweist.

4. Verfahren nach Anspruch 1, ferner umfassend ein Vermischen des statistischen Propylen-Ethylen-Copolymers mit
einem oder mehreren Additiven, die aus der Gruppe bestehend aus keimbildenden und klarenden Klarheitsverbes-
serungsmitteln; Warmestabilisatoren; Extrusionsverarbeitungshilfsmitteln; UV-Licht-Stabilisatoren; Oxidationsmit-
teln oder Antioxidationsmitteln; Antistatikmitteln; flammhemmenden Mitteln; Verarbeitungsélen; Formtrennmitteln;
Farbmitteln, einschlieRlich Pigmente und Farbstoffe; Fullmitteln; und Kombinationen davon ausgewahlt sind.

5. Verfahren nach Anspruch 4, wobei das Klarheitsverbesserungsmittel aus der Gruppe bestehend aus Klarmitteln
und Keimbildnern ausgewahlt ist.

6. Verfahren nach Anspruch 5, wobei das Klarmittel in der Menge von 0,05 bis 0,35 Gewichtsprozent bezogen auf das
Copolymer vorliegt.

7. Verfahren nach Anspruch 5, wobei der Keimbildner in der Menge von 0,0001 bis 1 Gewichtsprozent bezogen auf
das Copolymer vorliegt.

8. Verfahren nach Anspruch 4, wobei der Warmestabilisator in der Menge von 400 bis 1500 ppm bezogen auf das
Copolymer vorliegt.

9. Verfahren nach Anspruch 1, ferner umfassend ein Ausbilden des Copolymers zu einem Gegenstand.

10. Verfahren nach Anspruch 9, wobei der Gegenstand ein warm- oder blasgeformter Gegenstand ist.

Revendications

1. Procédé pour préparer un copolymeére statistique de propyléne-éthyléne pour thermoformage ou moulage par souf-
flage, comprenant :

-lamise en contactde monomeéresde propyléne etd’éthyléne etd’un catalyseur métallocéne dans des conditions
de réaction de polymérisation pour que soit obtenu un copolymeére,

dans lequel le copolymere est préparé a partir d’'un monomeére de propyléne et, incorporé avec celui-ci, de 0,1 a
1,5 % en poids d’éthyléne, par rapport au copolymere total, et dans lequel le catalyseur métallocéne comprend un
composant de catalyseur métallocéne, un composant d’activateur/cocatalyseur alkyl-alumoxane, et un support en
silice particulaire ; au moins la moitié de I'activateur/cocatalyseur étant disposée a I'intérieur du volume de pores
interne de la silice, et le métallocéne étant supporté de maniére réactive sur les particules de silice imprégnées
d’activateur/cocatalyseur,

ce qui permet de former convenablement un copolymére statistique de propyléne-éthyléne ayant une teneur en
éthyléne de 0,1 a 1,5 % en poids par rapport au copolymeére,

le copolymére ayant un module en flexion d’au moins environ 1100 MPa,

un voile inférieur a 40 % pour une feuille ayant une épaisseur de 40 mils,

un indice de fluage de 1,0 dg/min a 3,0 dg/min, et

une teneur en composés solubles dans le xyléne de 0,2 % en poids a 1,5 % en poids par rapport au copolymére.

2. Procédé selon la revendication 1, dans lequel la teneur en éthyléne du copolymére estde 0,5 a 1,5 % en poids par
rapport au copolymeére.

3. Procédé selon la revendication 1, dans lequel le copolymére a un allongement limite de 12 a 15 %.

4. Procédé selon larevendication 1, comprenant en outre le mélange du copolymére statistique de propyléne-éthyléne
avec un ou plusieurs additifs choisis dans I'ensemble constitué par les agents de nucléation et de clarification
amplifiant la clarté ; les stabilisants thermiques ; les auxiliaires de mise en oeuvre par extrusion ; les stabilisants a
la lumiére ultraviolette ; les oxydants ou antioxydants ; les agents antistatiques ; les retardateurs d’inflammation ;
les huiles de traitement ; les agents de démoulage ; les agents colorants, y compris les pigments et les teintures ;
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les charges ; et leurs combinaisons.

5. Procédé selon la revendication 4, dans lequel 'agent amplifiant la clarté est choisi dans 'ensemble constitué par
les agents de clarification et les agents de nucléation.

6. Procédé selon la revendication 5, dans lequel 'agent de clarification est présent en une quantité de 0,05 a 0,35 %
en poids par rapport au copolymeére.

7. Procédé selon la revendication 5, dans lequel 'agent de nucléation est présent en une quantité de 0,0001 a1 %
en poids par rapport au copolymeére.

8. Procédé selon la revendication 4, dans lequel le stabilisant thermique est présent en une quantité de 400 a 1500
ppm par rapport au copolymere.

9. Procédé selon la revendication 1, comprenant en outre la mise en copolymére sous la forme d’un article.

10. Procédé selon la revendication 9, dans lequel 'article est un article thermoformé ou moulé par soufflage.
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