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0.25 to about 5 mls (1 ml equals 1/1000 of an inch). Filns can be nade

usi ng a variety of techniques such as casting, blow ng, and

ext rusion. Good clarity in polyethylene blown film
as indicated by | ow Haze 15 and high A oss has been noted in the past
to be dependentwapmsesieveral factors. - WD 97/ 06951 pCTNUSI6/13000
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Typically the Haze increases (and the d oss decreases) as the pol yner

density and nol ecul ar wei ght distribution increases. Al so, it has
been noted that typically the surface roughness increases as the
nol ecul ar wei ght distribution and density I ncreases. Film

stiffness on the other hand, which is often a desired property of 5
the bl own fil mdependent upon the actual application, has been noted to

I ncrease as density increases. Therefore, there has usually been
a trade-off between film clarity and stiffness in polyethylene

bl own film Oten in formng nmulti-layered filns, a-
base | 4yer of high nol ecul ar wei ght hi gh density pol yethyl ene or
medi um nol ecul ar wei ght high density weight 10 pol yet hyl ene has been
enpl oyed to provide strength and a | ow density pol yet hyl ene or

| i near | ow density polyethylene | ayer has been provided to provide

FILMS COMPRISING METALLOCENE CATALYZED POLYETHYLENE
Field of the Invention
This application is a Continuation-in-Part of copending U.S. Patent |
Application Serial No. 08/515,498 filed August 15, 1995, the disclosure of which
- is incorporated herein by reference. fhis invention relates to film of polymers
5 produced from a monomer consisting essentially of ethylene. In another aspect,
1he1uemnninwmﬁonrﬁh&sto;mhmﬂudmu:ﬁhnlmvmgéagoodlmhume:ﬁ
physical, processing, and optical properties.
Backeround of the Invention
In its broadest sense, the term "film" as used herein refers to
10 self-supporting materials having a wide range of thicknesses. Examples would
include thicknesses in the range of 0.05 to about 40 mils, more typically about
0.25 to about 5 mils (1 mil equals 1/ 1060 of an inch). Films can be made using
- avariety of techniques such as casting, blowing, and extrusion. '
Good clarity in polyethylene blown film as indicated by low Haze -

* 15 and high Gloss has been noted in the past to be dependent upon several factors.



ot her properties. Oten, however, it has been noted that the | ow density
pol yet hyl ene and linear |ow density pol yethylene | ayers are tacky and
sticky unl ess anti bl ock agents are included. Such anti bl ock

agents, however, generally ;.15 al so have an adverse effect upon the
clarity and phymswnlmpropertf* s - An OPCEUSIS03008 he
present invention is to prOV|de a nethod for producing filns of

et hyl ene pol ynmers having a density of at |east ab_out 0.925 g/cc
whi ch have a good bal ance of processing, physical, and optical properties.

Qther aspects, objpgi Wﬁ&éﬁ@@nﬂ%&@ﬁs@d&% meg.bgeﬁe:\aei&ny&a

be apparent fromthe foll ow ng comments. 97/ 0
PCT/ US96/ 13000

Summary of the | nveﬁ{wﬂﬁrwelght distribution increases. Also 1rt*ul‘%(ic C%"P dmﬁed ai‘?’ﬁméﬂ% the

present invention, there is provided a us | cl ear

sel f-supporting fiSUracsFerglnesy mereases, 3 %@de&y@r t S'alb%%end density
haze of less than 17.8 wherein the polyner of said |ayer consists
essentially of 5 increasespdilpestiffhess enlthe othgr bandewhichyis oftemt desizest prapertyt of
0.925 g/cc and a nol ecul ar wei ght di stribution of no nore than 4.

rggs?agggm ng' 8(2: g' the bivirOfilin &?hﬂﬁnﬁﬁ &i‘&e%ﬁiaﬂﬂpphcanon, has béerrwdted to/inteasd
g/cc is preferably selected from pol yet hyl enes
as density increases. Therefore, there has usually been a trade-off between film
clarity and stiffness in polyethylene blown film.
* Often in forming multi-layered films, a base layer of high molecular
 weight high density polyethylene or medinm molecular weight high density weight
10 polyethylene has been employed to provide strength and a low density
polyethylene or linear low density polyethylene layer has been provided to provide
other properties. Often, however, it has been noted that the low density
polyethylene and linear low density polyethylene layers are tacky and sticky
unless antiblock agents are includéd. Such antiblock agents, however, generally
15 .also have an adverse effect upon the clarity and physiéal properties.
An object of the present invention is to provide a method for
producing films of ethylene polymers having a density of at least about 0.925 g/cc
which have a good balance of processing, physical, and optical properties.

Other aspects, objects, and advantages of the present invention will

20 be apparent from the following comments.



which can be fornmed into a 1 ml| blown filmhaving a percent haze of |ess
t han 17.8, or nost preferably no nore than 10. 10

In one preferred enbodi ment, the filmhas only one |ayer of polyner
consisting essentially of polyethylene having a density in the range of

0.93 to wo97absut 0. 945 g/ cc and a nol ecul ar wei ght di BCT/USSsIBMA | N
the range of about 1.5 to about 4, or nore preferably about 1.5
to about 3.5. In another preferred f£nbodi nent the filmis

mul tilayered and at | east one | ayer has a percent haze of 15 | ess than
17.8, nore preferably a percent hazegg so.and conpri ses

pol yet hyl ene having a density of at Te St 45 g and a nol ecul ar wei ght
di stribution no nore than 4 tal ed
Description of the Invention® accordance with the present mW%'%Fﬁlgﬂ@dﬁge? ul
for prfoducing the inventive filns can be 20 t3‘;‘)=r oduced usi ng

sui t abl e net al | oc amasuadiyclgan selsupposng film comprising o wpng}wsehavmg apercent
WD 97/ 06951

PCT/ US96/ 13000 haze of less than 17.8 wherein the polymer of said layer consists ¢ssentially of
In a particularly preferred enbodi nent the polyethylene is produced in a

?Lfﬁéﬁ nder o on i BoifetnAgic Havin o dihilly P4 feaBl £HOREO.095 §/c8 afld aifioleOlkF Weight
distribution of no more than 4. The narrow molecular weight polyethylene having
a density of at least about 0.925 g/cc is preferably selected from polyethylenes
which can be formed into a 1 mil blown film having a percent h;ze of less than
17.8, or most preferably no more than 10.

10 -+ In one preferred embodiment, the film has only one layer of polymer
consisting essentially of polyethylene having a density in the range of 0.93 to
about 0.945 g/cc and a molecular weight distribution in the range of about 1.5 to
about 4, or more preferably about 1.5 to about 3.5. In another preferred
embodiment the film is multilayered and at least one layer has a percent haze of

15 less than 17.8, more preferably a percent haze of less than 10, and comprises
polyethylene having a density of at least 0.925 g/cc and a molecular weight
distribution no more than 4. |

The polyethylene useful for producing the inventive films can be

20 produced using a suitable metallocene-containing polymerization catalyst system.



such that the polymer is produced in the formof solid particles that can

be readily separated fromthe liquid polynerization diluent In
such particle form 5 pol ymeri zations it is preferable that the

nmet al | ocene-cont ai ni ng catal yst system be enployed in a formthat
is substantial wogmessskubl e in the pol ynerization dil uent PCT/US96/18000 | NQ

t he pol ynerization process. Various techniques are known for producing
such rel atively insoluble catalyst systens. Sgne exanples are shown in U S
5,354,721; 5,411,925; and 5,414,180. 10 ' One

particul arly prefemi ggpattichtar prefeirlievfodihéit Bhe Polgethylendlis produced in a shurry,
net al | ocene catal yst system Ccan be produced by prepolynerizing a m xture of

a nmet al | egeng.,. r LB L.0i | ...
nsat urat ed subet | {cRRgiY forl BB brobefFRine R Bolyach MhoPlnEl uliétontitons
presence of an olefin, geperglly containjng 2. to - A X carbon atons.
In particularly pr ﬂ&k*&fﬂ%ﬂﬁm&rﬁﬁf"dﬁ@@ q@!@&?ﬁ?‘g@?ﬂ@g‘éﬁ&*ﬁtp@bwﬁﬂy
obt ai ned by pol yneri zing ethylene in the presence of an al kane |iquid

di | uent sephrated | from fhel Jiquid pelymenizationidiluents Usni sucha partizte form

type of metallocene-based catal yst system The catal yst systemis

a solid catalyst phgRicidativns itds prefetidthatthe metallocene-containing catalyst system be
5- (:9-fluorenyl)-5-(cycl opent adi enyl ) - hexene- 1 zi rconi um di chl ori‘de “and

Tesulting 20 Fitafhisad ot oy GRAHRERRIY ROl MAE Brfifon dituen,
prepol yneri zed cat ail y st sysi emfrom the liquid. |t is fgref erred

that the |iquid enSrBystheipalyanerization processn Varipns techniqnes are known for producing

such relatively insoluble catalyst systems. Some examples are shown in U.S.

5,354,721; 5,411,925; and 5,414,180.

10 One particularly preferred type of relativels-r insoluble solid
metallocene catalyst system can be produced by prepolymerizing a mixture of a
metallocene, preferably a metallocene having olefinically unsaturated substituents,
and a suitable cocatalyst in the presence of an olefin, generally containing 2 to 8
carbon atoms. In particularly preferred embodiment the solid catalyst system is

15 obtained by polymerizing ethylene in the presencé of an alkane liquid diluent
under shury polymerization conditions using a special type of metallocene-based
catalyst system. The catalyst system is a solid catalyst prepared by (a) combining
5-(9—ﬂu9renyl)-5-(cyclopentadienyl)-hexene-l zirconium  dichloride and
methylaluminoxane in a liquid, (b) prepolymerizing ethylene in the resulting

20 liquid, and (c) éeparaﬁng the resulting solid prepolymerized catalyst system from

the liquid. It is preferred that the liquid employed in step (a) be an organic liquid
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in which the nethylalum noxane is at |east partially soluble. Preferably
sone aromatic solvent is enployed in step (a). Exanples of

aromat i ¢ sol veMa9Ws9siude benzene, tol uene, ethyl bercarnsssi3oco

di et hyl benzene, and the like. Preferably the anmount of the liquid
shoul d be such as to dissolve the product of meaction between 5 t he

net al | ocene and the al um noxane, provide desirable polynerization viscosity

for the pol yneri zalyh Qhick i Wﬂtﬂlﬁoﬂﬁ&disrﬂﬂédﬂgﬂaﬁdﬂtg&ubﬂ? Piieférﬂﬂg dolife

tenperature woul d preferably be“kept bel ow t hat I ch uld cause th

nmet al | ocene to dec . ' ly 1 -1 Dt -}

of about - SEuae sp el Hnplon'eddn EPREL BRI stohiic orbeil i

met al [‘ocene, the al um noxane, and _10 the Liquid di]yent are conbined
at room t enper at ur denzeng, tolpene, ethythenzenec diethylenzepe.cand the like. Prefegably the
reaction between the alum noxane and the netal |l ocene is relatively rapid.
The reaction rate amountofitholiquid shonidiee suzhgeto dissobvedhe prioductsofgeantion beyween
desired that t hey be contacted for an ampbunt of tinme in the range

of about 1 mawute iRe AB@Abcene and the alurinbRste, provide desirable polymerization vistosify
also within the scope of the invention to cafry out the stép (a)

can be o0 %A B BobibebeRic o so PR BOGH nfinB RiGtk TS i e

lid that d t
SOt A 0085 N9 emperature would preferably be kept below that which would cause the

=

metallocene to decompose. Typically the temperature would be in the range of
about -50°C to about 150°C. Preferably, the metallocene, the aluminoxane, and

10 the liquid diluent are combined at room temperature, i.e. around 10°C to 30°C.
The reaction between the aluminoxane and the metallocene is relatively rapid.
The reaction rate can vary over a wide range, however, it is generally desired that
they be contacted for an amount of time in the range of about 1 minute to about
1 hour.

15 It is also within the scope of the invention to carry out the step (a)
in the presence of a particulate solid. Any number of particulate solids can be
employed. Typiéaﬂy this solid would be any inorganic solid that does not
interfere with the desired end results. Examples include porous supports such as
talc, inorganic oxides, resins to support material such as particulate polyolefins.

20 Examples of inorganic oxide materials include metal oxides of Groups II-V, such



interfere wwth the desired end results. Exanples include porous supports

such as talc, inorganic oxides, resins to support material such
as particul ate polyolefins. 20 Exanpl es of inorganic oxide materials

i nclude nmetal oxides of Goups Il-V, such WO 97/ 06951

PCT/ US96/ 13000wo 97/06951 PCTIUS96/13000 as

silica, alumna, silica-alumna, and m xtures thereof. O her exanples of
i norgani c oxides are nagnesia, titania, zircogia, and the |ike.
If a solidis enployed, it is generally desirable for the solid to be

thoroughly dehydr ajedjlidal Qfuntifia,Usifica-Bhufifd adYmbitules (HQByr ke &@niples 6f

contain 5 | ess than 1 percent loss on ignition. Thermal dehydration

may be carried out,] . . . Whi: ur o4 .th a dry inert
gas such as ni troggw camg%ﬁﬁ%ﬁgawﬂmmcg?ﬂéé@u@g%ér r] C to ‘about
1000C and preferably from about 300QC to_ about, 870[err]C., Pressure
consi derations are not vi endfiasolidiis employed,ikis Wﬁ?sﬁblﬁﬁ@%éﬁ’h@p c

treatnent can be fromabout 1 to about 24 hours as needed. 10 )
Dehydrati on can al therbwphly delydrated priobto wseb Peeferably it isedehyidrated so & to contain
chemcal treatment in order to renove water and reduce the concentrati on of

surface hydroxyl gfgy f?ﬁ-ﬂétﬁ%d;stdiﬁ A ThérfdRhfdtios #RgYeRaftied out in
a wat er hydroxyl g

converting roups in the” oxide surface to

relatively inert Sgevgélﬁ%ioruv%ﬁifléjll)urgingwiﬂiadryinertgassuchasniu'ogen at a temperature

of about 20°C to about 1000°C and preferably from about 300°C to about 870°C.
Pressure considerations are not viewed a§ critical. The duration of the thermal
treatment can be from about 1 to about 24 hours as needed.

10 ‘Dehydration can also be accomplished by subjecﬁng the solidto a
chemical treatment in order to remove water and reduce the concentration of
surface hydroxyl groups. Chemical treatment is generally capable of converting
all water hydroxyl g.rt.mps in the oxide surface to relatively inert species. Useful
chemical agents are for example, carbon Ihonqxide, carbonyl sulfide, -

15 .trimethylalmnimnn, ethyl magnesium chloride, chloro silanes such as SiCl,,

' disilazane, trimethylchlorosilane, dimethylamino trimethylsilane, and the like.
The amount of aluminoxane and metallocene usgd in forming a
liquid catalyst systein for the prepolymerization can vary over a wide range.
Typically, however, the molar ratio of the aluminum in the aluminoxane to the
20 transition metal of the metallocene is in the range of about 1:1 to about 20,000:1,

more preferably a molar ratio of about 50:1 to about 2,000:1 isused. Ifa



chem cal agents are for exanple, carbon nonoxi de, carbonyl sulfide, 15
trimethylal um num ethyl magnesium chloride, chloro silanes such as

SicJ[err], di silazane, trimethyl chlorosilane, dinmethylam no
trimethyl silane, and the Ilike. The amount of
al um noxane anworszessi ocene used in formng a - | i qupdT/oSdeABbon6 t

system for the prepolynerization can vary over a w de range.
Typically, however, the nolar ratio of the alfm numin the al um noxane to
the 20 transition netal of the netallocene is in the range of about

o £, e i ity o s o
PCT/ US96/ 13000
particul ate sol i d, VFight "étfq pthe ‘P‘s‘a‘&%%at’ to thpastipylate solid ‘%?e@elrﬁn%ﬁ"%?hﬂ‘fﬁt

such t-hat the g{ ratio _of the netallocene to the particulate
solidis in the raQrQ@OQif/lﬁb {}; more preferably®.QW36u01024. 1/ 1, nore preferably

0.0005/1 to 0.2/1. The prepol ynerization is
conducted in the |iquid.catahegprepolgmerization is condvdtethincthe lijgidocatalystisystem, a
slurry, or gel in aliquid. A wde range of olefins can be used

for the polygeri Z%h{&ﬁcaﬂhﬁ'a‘-‘s%id d13 al 'A%g& E?fo E!Hn can

be .conducted using an olefin, pre era y se%ect ed from et e an

non-aromatic be used for the polymerization. Typically, however, the prepolymerization will

be conducted using an olefin, preferably selected from ethylene and non-aromatic

alpha olefins, such as propylene. It is within the scope of the invention to use a

mixture of olefins, for example, ethylene and a higher alpha olefin can be used for

10 the prepolymerization. The use of a higher alpha olefin, such as 1-butene, with

ethylene, is believed to increase the amount of copolymerization occurring

between the olefin monomer and the olefinically unsaturated portion of the
metallocene. |

The prepolymerization can be conducted under relatively mild

15 conditions. Typically this would involve using low pressures of the olefin and

relatively low temperatures designed to prevent site decomposition resulting from

high concentrations of localized heat. The prepolymerization typically occurs at

temperatures in the range of about ~-15°C to about +150°C, more typically in the

range of about 0°C to about +30°C. The amount of prepolymer can be varied but

20 typically would be in the range of from about 1 to about 95 weight percent of the

. resulting prepolymerized solid catalyst system, still more preferably about 5 to



al pha ol efins, such as propylene. It is within the scope of the invention

to use a m xture of olefins, for exanple, ethylene and a higher
al pha ol efin can be used for 10 t he prepol ynerization. The use of a

hi gher al pha ol efin, such as 1-butene, with et hyl ene, is believed
to increase thwoamwesest of copol ynerization occurring PCT/USS6/4390M t he
ol efin nononer and the olefinically unsaturated portion of the

nmet al | ocene. The prempol ynmerizati on can be conducted
under relatively mld 15 conditions. Typically this would involve
using | ow pressur afhotit 8teweighf iperédif. It is generaBly addsitble k®VedrBMRitathe es
designed to prevent site deconposition resulting from hi gh

Cemperat ur eo i n_t R AR EEAROR ot 060 ol DroefP R bl Y Y 68 holaiogh & 1

typically in the |, ., range_of ,about_O[err] C to abouyt.+30[err]C. _ The
amount of prepol yriBrthezsplider i@ﬂ“ﬂﬂt&eﬂﬁﬂ'L& snlxcq%tmﬁa of, the, o
range of from about 1 to about 95 wei ght percent of the resul ting
prepol yneri zed solmetala¢emeyst system still nore preferably about 5 to

WD 97/ 06951 )

PCT/ US96/ 13080 alpdier (8O prpcifinciiNionhe rebiltihg solid qrépdlymerized
desirable to carry out the prepol ynerization to at | east a point

where substantiall s fbd i Qepdrittd Fiktht 2Gi{iehdtion mixture. Various techniques known

in the art can be used for carrying out this step. For example, the material could
be separated by filtration, decantation, or vacuum evaporation. It is currently
preferred, however, not to rely upon vacuum -evaﬁoration since it is considered
10 desirable to remove substantially all of the soluble components in the liquid
reaction product of the prepolymerization from the resulting solid prepolymerized
catalyst before it is stored or used for subsequent polymerization. After separating
the solid from a liquid, the resulting solid is preferably washed with a hydrocarbon
and dried using a high vacuum to remove substantially all the liquids or other
15 volatile components that might still be associated with the solid. The vacuum
drying is preferably carried out under relatively mild conditions, i.c. temperatures
below 100°C. More typicaﬂy the prepolymerized solid is dried by subjection to ’
a high vacuum at a temperature of about 30°C until a substantially constant weight
is achieved. A preferred technique employs at least one initial wash with an
20 aromatic hydrocarbon, such as toluene, followed by a wash with a pgrafﬁnic

hydrocarbon, such as hexane, and then the vacuum drying.



in the solid rather than in the liquid, since that maxim zes the use of the

netal | ocene. 5 After the prepolynerization, the
resulting solid prepolynerized catalyst is separated fromthe
liquid reaction m xture. Various techniques known in the art can

be used for cawoyigegsiout this step. For exanple, the materi #HCIAIS6/13000
be separated by filtration, decantation, or vacuum evaporation. It is

currently preferred, however, not tg rely upon vacuum evaporation
since it is considered 10 - desirable to renove substantially all of

the sol ubl e conponents in tigeid igfidl thithin the scoper&aﬁié bes&{toﬂﬁﬁﬁﬁdﬁ td 48d a
prepol yneri zation fromthe resulting solid prépolynerized

catal yst before it_i tor ar, used .f ‘ [ |

separ ati ng patcnf i b B Y B BB R By By b kA 68
preferably washed with a hydrocarbon_ and dri ed]j Si ng a high .
vacuum t o renove seAstquktheprepplymerization injthepresense of thak so ‘§5An ther ORFONAS 9 ¢
conponents that might still be associated with the solid. The vacuum
drying is pref er abadd aparticateaolid of trer type bforemenitioned hfterthe girepolymerization or
t enper at ur es bel ow 100C. More typically the prepol ynerized solid

50 P D, 002 i prpomera Bl R T ERAAS AL g
oot 1o, echi aue oD o1 ke b R b el S opes o,

hydrocarbon, such grsepaqg(g%(laﬁm%] gf éﬂqglre]né Jving aactgl%{? v?nrd% ir?x?g'e of densities. Typically,

in preparing the lower density versions, the ethylene is polymerized in

combination with a smaller amount, generally less.than 20 mole percent, of at least

10 one other alpha olefin, generally containing about 3 to about 10 carbon atoms,

examples of which include aliphatic hydrocarbons such as butene-1, pentene-1,

hexene-1, 4-methylpentene-1, octene-1, and the like. The solid prepolymerized

catalyst system can be employed using slurry polymerization conditions.

Typically the polymerization temperature would be selected so as to provide shurry

15 pol}.&neﬁzaﬁon conditions in the particular liquid diluent selected. Typically the

temperature would be in the range of about 20°C to‘about 130°C. With isobutane

as the liquid diluent, temperatures in the range of about 60°C to about 110°C have

been found desirable. For producing polymers for film applications, it is generally

desirable to produce a polymer having a melt index of less than_ 5. This can be

20 accomplished by adjusting the molar ratio of hydrogen to ethylene in the
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It is also within the scope of the present invention to add a
particulate solid to the liquid catal yst systemafter it has been forned
and then to wo9messrarry out the prepolynerization in the prrosssoof
that solid. Another option is to add a particulate solid of the
type aforenentioned after the prepolynerizatijgn or 5 after the solid
prepol yneri zed catal yst system has been separated fromthe |iqutd.

Thi's resul ting sol pelymiefidationProceéssd clia hé réactdrQeinpératine)didfor Ghanging the
preparing polyners of ethylene having a tairly wi de range of densitties.

Typi cal |y, ethilﬁngﬁ&ﬁ&ﬁ' 4 he lower density versions, the ethylene
is polynerized in conbl nation with a smaller anount, generally

| ess than 20 nol e percent, at ,least 10, . one .other alpha olgfin
general | y contai ni ng about %@%B%z%ﬁ%ﬂr@?mawgmwm@?ﬁm.
of which include aliphatic hydrocarbons such as butene- 1, pentene- 1,
hexene-1, 4-net hyl prootss itisigeneraliedesirable toidclude it theeeaction misturela small amount
prepol yneri zed catal yst system can be enpl oyed using slurry

pol ymeri zati @gn congf dn ddfistatic ggent. An exdtiple®Tishivh a9 1gntiagitic f%éﬁtﬁ@tﬁe&ﬁateﬁal sold
tenperature would be selected so as to provide slurry 1

Typrcal 1y the by DuPB Chbidf 5 st Seatt ol a8, 250 " orer 1
oot IS, YLD SRR e pepoSRtpion B b e o
catalyst system is capable of producing polyethylene homopolymers and
copolymers having densities of 0.925 g/cm or higher with molecular weight
10 distributions of no more than 4 that are useful for making films having percent
haze of less than 17.8, especially preferred polyethylenes having densities in the
range of 0.925 to 0.95g/cc. The polymers produced in that manner have low flow
activation energies, i.e. below about 25 kJ/mole, anda critical shear stress at the
onset of melt fracture of less than 4 x 10° dyne/cm®. This is considered to indicate
15 that the polymers are sui)stantially linear polymers substantially free of long chain
branching. The number-of long chain branches in such polymers is considered to
. be less than 0.01/1000 carbon atoms. The term "long chain branching" as used
herein refers to branches having a chain length of at least 6 carbon atoms. A

method of determining long chain branching is disclosed in Randal, Rev.

20 Macromol. Chem. Phys., C29 (243), 285-297.



been found desirable. For producing polyners for filmapplications, it is
general ly desirable to produce a polyner having a nelt index of
| ess than 5. This can be 20 acconpl i shed by adjusting the nol ar
rati o of hydrogen to ethylene in the WO 97/ 06951

PCT/ US96/ 13000wWo0 97/06951 PCT/0S96/13000

pol yneri zati on process, changing the r eact or t enperature, and/ or changi ng
t he et hyl ene concentrati on. 11 When t he
pol ynmeri zation is carried out in a continuous loop slurry . process,

It Is generally desirable tCrteiyld polymicrPprotided!in R partile ot Provesy with Mk Nt
5 of an antistatic agent. An“exafnpl’e of such as antistatiC agent is the

material sold P ] : : [

450. catalyst et Wisc SUEEV Ty i o VS ShirSeF e of B8 Ruonk B
above-descri bed type qf . catalys sfemis capabl e qf produci

pol yet hyl ene homp&?ﬁ%ﬁs@gﬂﬁmelﬁtMA%Eiﬂﬁ% RO Friielen et °B?a@.g§25 '
g/ cm or higher with nol ecular weight 10 di stributions of no nore than

4 that are useful therchain)amdatthd intermoleculer level (monomer distributiombetwecs polymer
than 17.8, especially preferred polyethyl enes having densities in the

][ figgv e of 0.925 to BhdRY/oFdiffdrent MGleiR Swéigme)! C #ibmdpolyhidrs A nlylbid Retede

| copolymers produced with such catalysts are particularly unusual in that they

contain ethylene branches even though no butene comonomer was employed in the

polymenzauon It is theorized that butene is formed insitu in the polymerization

and that such results in a very uniform distribution of the ethylene branches. The

10 shear stress response of such polymers is essentially independent of the molecular
“mQﬂutﬁmﬁﬁuﬁmm

It is typically desirable to add stabilizers to the polymer recovered

from the polymerization process. A number of suitable stabilization packages are

known in the art. Stabilizers can be incorporated into the polymer during a

15 pelletization step or by reextrusion of previously produced pellets. One example

of a stabilizer would be Irganox® 1010 antioxidant which is believed to be a

hindered | polyphenol stébilizer containing tetrakis [methylene 3-(3,5-di

tertbutyl-4-hydroxy-phenylpropionate)] methane produced by Ciba-Geigy

Corporation. Another examﬁle is the PEP-Q® additive which is a product of

20 Sandoz Chemical, the primary ingredient of which is believed to be

. tetrakis-(2,4-di-tertbutyl-phenyl)-4,4' biphenyl phosphonite. Other common



activation energies, i.e. below about 25 kJ/nole, anda critical shear
stress at the onset of nelt fracture of less than 4 x 10[err]
dyne/cnferr]. This is considered to indicate 15 that the polynmers are
substantially |inear polyners substantially free of |ong chain

branchi ng. Thewwowress: of | ong chain branches in such pol ynmerpcr/esssnsves der ed
to be I ess than 0.01/ 1000 carbon atons. The term "l ong chain
branchi ng" as used herein refers tqgpbranches having a chain

| ength of at |east 6 carbon atonms. A met hod of determ ning |ong

chain branchi ng i sgghifisdradaitivedintlansiadlciniSiearate’st zinc stbfte0 51l othéiSabilRRys - |
C29 (243), 285-297. WD 97/ 06951

PCT/ US96/ 13000 . et < 3ol

The ethyl enc. pol yrnEBISAly Rsed inolpde Ulizenox 626 aptioxidant which is s prodpct of GE, the
catal yst systemare ,al so pelieved o have,a_ very uniform.djstrjbutiop of
short chain primgry, hingeedient ﬁ}. aVIICR 15 rbﬁﬁ%t%él é%u€%%1F fi-t-brsylphenyl)
sequence distributions along ‘ the chain) and at the internol ecul ar
| evel (nonomner di spentaanythritol dipheosphitepand liranos 627A antioxidantwhithfis beliaved to
nmol ecul ar wei ghts). Honopol yners and et hyl ene- hexene copol yners

produced wi ths suchpeafiplai6k 626 contaiifg &bdut 17! Weightserednt ioff atidinetiifyatuminum

contain ethylene branches even though .no butene cononormer was enpl oyed in

the e oot yner b EdfobkotRae! sich deifodrflictVad oah Becifploged B BBikrillP by
suitable amount. The amounts used are génerally the same as have been used for
other polyeﬂiylene polymers. Often the amounts for eacil additive is less than 0.2
weight percent based upon the weight of the polymer.

10 ‘The molecular weight of the polyethylene used to make the inventive
film can vary over a wide range. Typically for forming films by blowing it is
desirable for the polymer to have a melt index in the range of about 0.1-10dg/min,
more preferably about 0.2-5dg/min, Generally if the melt index of the polymer is
less than about 1, it is often desirable to incorporate a processing enhancing

15 amount of a fluoroelastomer processing aid. One example is the fluoroelastomer
sold under the trade name Viton by E. I. DuPont de Nemours & Co. Another
example is the fluoropolymer sold under the trade name Dynamar FX-9613 by 3M
Company. The amount of fluoropolymer employed can vary over a wide range
depending upon the particular results desired. Typically it would be employed in

20 an amount in the range of about 0.01 to about 1 weight percent based upon the

weight of the polyethylene. In some cases the fluoroelastomer is employed in



and that such results in a very uniformdistribution of the ethylene
branches. The 10 shear stress response of such polyners is essentially
i ndependent of the nol ecul ar wei ght distribution.

It is typically desirable to add stabilizers to the pol ynmer recovered

from the pol yrveopz@®sion process. A nunber of suitabl e stabi IHCTAISI@13000

packages are known in the art. Stabilizers can be incorporated
into the polyner during a 15 pell etizatypn step or by reextrusion of
previ ously produced pellets. One exanple of a stabilizer would be

I'rganox[err] 1010 gy b%hdﬁ&bﬁﬁh&%ﬁcﬁﬂ&eﬂwéﬁﬁmbeda}gegs%d iéx_apolyﬁ'bﬂﬁﬁihed
, o- al

pol yphenol stabilizer containing tetrakis [nethylene 3-

tertbutyl - 4- hydroxys ropl ggglg r 3 £6iatlial
Cor por ati on. Anot %Wﬁ&%ﬁw aadi {lig'v?ﬂ\ki’\hl C }53@3@%}%&%%%5
20 ‘ Sandoz Chem cal , the prinpry_ [ngredi ent of l.ch i Leved to be
tetrakis-(2,4-di- t@FP%ﬁ?F}PQ’FﬁEEﬁSPWZFAAm%Fﬁﬁ@FR?\avﬁﬂﬁggm{"w&ﬁiréﬁmmn

WD 97/ 06951 - _ )

PCT/ US96/ 13000 In some applications it may be desirable to include irp the polymer
stabilizer additives include calciumstearate or zinc stearate. Still other
stabilizers 5 of ofi®'Ti Rk SERR TapersUsl Sliplantidiovk Sat, apiriadindpfor Myeed
is a product of GE, the

produced from polymers having a density of less than 0.925g/cc. Generally such

materials are inorganic compounds. Some examples include mica, talc, silica,
calcium carbonate, and the like. A typical example would be Ampacet 10430
slip/mﬁblock concentrate available from AMPACET Corp.

16 . It is also within the scope of the present invention for the
polyethylene used to produce the inventive films to contain various other additives
normally included in polyethylenes, such as heat stabilizers, weather stabilizers,.
lubricants, etc, in amounts that do not impact unduly on the objects of the present
invention. It is also within the scope of the present invention to blend the required

15 narrow molecular weight polyethylene having a density of at least about 0.925
with other polymers so long as the amount of the other polymers does not unduly
'detract from the beneficial properties of the required polyethylene, i.e. low haze
and good handling properties. Generally the required polyethylene is greater than
about 50 weight percent of the polymer, more typically at least 90 weight percent

20 of the polymer, and still more preferably at least about 9.5 weight percent of the

. polymer.



primary ingredient of which is believed to be bis(2,4-di-t-butyl phenyl)
pentaerythritol diphosphite, and U tranox 627A antioxi dant which is
believed to 5 be U tranox 626 containing about 7 weight percent of a
magnesi um al um num hydr ocarbonate. Such stabilizer additives can
be enpl oyed i nwopestmsest | y any sui tabl e anobunt. The aP@UH$%/130@d are
generally the sane as have been used for ot her pol yet hyl ene
polymers. Often the amounts for each additivg4is |ess than 0.2

wei ght percent - based upon the wei ght of the polyner. 10

The nol ecul ar wei ght of the Iﬁ@bﬁﬁiﬁﬁé@@ebﬁﬁﬂﬁr&eﬂﬁkﬁnﬁmw @eisitgle layer
filmcan vary over a wide range. Typically for forming filnms by blowng it

S ot 0.1 1 S5Shn affs he¥ink Whaf oY TR s 10 Gifg FBlyerty B e o enksty 88 a0

| 0dg/ mi n, nore pre -5dg/ m'n. Generally
If the nelt index pof t ol ymer Jjs . .less. than about, 1. J4t i .y en
desirable to i ncor%ﬁ?fa&gzg aaﬁae&efsﬂgf Eﬁ}ﬂ&ﬁé}skﬂ’“%f ot'to mors fhim 8¢°lg4§ i3
fl uoroel ast oner processing aid. One exanple is the fluoroel astoner
sol d under the tr acensidened thiat snchifilmg can be pradyeed by cagting JHewiDECHT eSO
exanple is the fluoropolyner sold under the trade name Dynamar FX-9613 by
3M sConpany. The arnpidialsoWithin therscopel of i presend inyention tomseansh a kayer a

wi de range dependi ng upon the particular results desired.

Typically it woul d kil a 1k BmbltSed RNAR dtherdrts
0.01 to about 1 m?ﬁﬁﬁﬁ#@ﬁ?mbas lej%g%m.t ?g@'ﬁ'&%e b%l ght of the%
pol yethylene. In s&rlrﬁe bg ge gcste& E%nI flgelflgl[a?l%'l a%gfto%é pé)l?rm%nnp lm%¥een%l§ Eenerally used in

producing films. Thus the other layers need not be limited to polymers of ethylene

but could contain other polymers such as propylenc-butene copolymer,
10 poly(butene-1), styrene-acrylonitrile resin, acrylonitrile-butadiene-styrene resin,
polypropylene, ethylene vinyl acetate resin, polyvinylchloride resin,
poly(4-methyl-1-pentene), and the like. Multilayers can be formed using
techniques generally known in the art, such as, for example co-extrusion.
One particularly preferred example of a multilayered film includes
15 one layer having a percent haze of less than 17.8 comprising a polyethylene having |
a density in the range of about 0.925 to about 0.945 g/cc and a molecular wéight
distribution of no more than 4 and another layer comprising a second polyethylene
having a molecular weight distribution greater than 4, more preferably greater than
6, and still more preferably greater than 10, such as polyethylenes produced using

20 Plﬁllips chromium catalysts or Ziegler-Natta type catalysts.
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formof a nmasterbatch in which the fluoroelastonmer is dispersed in a

pol ymer such as LLDPE copol ynmer of butene and et hyl ene. One
exanpl e of suohperesesierial is - Anmpacet 10919 pr ocesRATSA6/13000

mast er bat ch avail abl e from AMPACET Cor p. In sone
applications it nmay be desirable to include i;n the polynmer 5 of “ one

or nore of the layers a slip/anti-block agent, particularly for |ayers

produced from pol yners havipg samid@ppliéations iti€#lSo Hesirable £ Bt polyetiplens withy

such materials are 1 norgani c conpounds. Sone exanples include

mca, talc, silic | ke, |

exanpl e woul d be i%é’é%%d%ﬁ%‘g&h&l wag%r@%?ﬂﬂ%@:gcﬂé%ﬁn érﬁg eQMl\"ah"e
avai | abl e from AMPACET Corp. .10 . Jt.ds.al.so wthin.the
scope of the presdelyetindens haying the nagower molecular %Mﬁ?ﬁbgﬂgnﬂgﬁmh a

produce the inventive filns to contain various other additives

normal’ly incl uded densityaifatlehstiabont.945 g/c.aln speeferadambodiment ofithistyps there

stabilizers, _ _lubricants, etc, in amunts that do not inpact
undul y on thg obj e&é&l&‘ﬂ&?&lﬂ?ﬁﬁﬁ&ﬂxeouterlayershﬂorﬁlhmfbflés‘smﬁl 1.8 peroksithi n
t he scope of the present invention to blend the required 15 narr ow

L el RO B4 3 00
0.945 g/cc and a molecular weight distribution of no more than 4, and and the
inner layer comprises a polyethylene having a density of at least about 0.945 g/cc. '
In another preferred embodiment there are at least three layerS and
10 - the outer layers have a haze of less than 17.8 percent and consists essentially of
polyethylene having a density in the range of about 0.925 to about 0.945 g/cc and
a molecular weight distribution of no more than 4, and and the inner layer
comprises polyethylene having a molecular weight distribution of at least 10 and
a density of less than 0.93 g/cc, most preferably a density in the range of 0.91 to
15 0.929 g/cc with a HLMI in the range of about 12 to about 24 dg/min.
The most preferred multilayered films are those in which the
multilayered film itself has a percent haze .of less than 17.8, even more preferably
a percent haze of less than 10. In the currently preferred three layer film the outer
layers each have a thickness in the range of about 5 to about 25 percent of the total
20 thickness of the three layered film. A particularly preferred inner layer is one

' having a thickness equal to about 50 to about 90 percent of the total thickness of



detract fromthe beneficial properties of the required polyethylene, i.e.

| ow haze and good handling properties. Cenerally the required
pol yet hyl ene is greater than about 50 wei ght percent of the
‘polynmer, nore typically at |east 90 wei ght percent 20 of the

pol ymer, and swa®mste preferably at | east about 99.5 wei ghPCT/uS95/23080 Of
t he pol ynmer. WO 97/ 06951

PCT/ US96/ 13000 - 16 14

It is within the scope of the present invention to prepare single |ayer

films having a hazmethdquferédlﬁnn,lﬁitﬁ thé holgmeP b b itineNRiyBielding a dow Befdityy

of at | east 0.925 and a nol ecul ar wei ght distribution of no nore

t han about 4. It i @[&gﬂ 1 ' ; Iiﬁ?li y
casting, blow ng, grrleaggct)go%xln%ﬁ. @ﬁ?&;&f‘ﬁ&xeﬂ%?o&dc&&'ﬁlﬁgg a _sggﬁg | SIt)he
scope of the present invention to,use,such a |ayer . of, filmto form-
o mul tilayered f 11 @RI fORR POOEMEIZFPOR, Prosessh Panigplary 4 papalymer Baving & o,
be selected fromgenerally any of the polymeric materials generally used in

producing fil ms. Toensity incrangerafrabbut(:9ktorabout 01929 glec,|anFLMA in thepangenafiabouf

et hyl ene but could contain other polymers such as propyl ene-but ene
copol yner, 0 126 24 8¢ anl)a molexilaP weipht dis@ibutibh gfeate? Than 10.
acrylonitril e-butadi ene-styrene resin, pol ypropyl ene, ethyl ene

vinyl acetate resin, pol yvi ng{Ghlwilg the’s2bPk of the present inventive mutilayered films
- to have a layer of polyethylene having a broader molecular weight distribution and
a lower density than the polyethylene in the layer haviné a percent haze of less
than 17.8 , for example one layér could have a percent haze of less than 17.8 and
10 i)e composed of a polyethylene having a density at least 0.925 g/cc and molecular
weight distribution of at least 4 and a second layer could be composed of a
polyethylene having a density of less than 0.925g/cc, such as for example a low

density polyethylene produced by a high pressure process.
If is also w1thm the scope of the present invention to have a
15 multilayered film in which one layer has a percent haze of less than 17. 8- wherein
the polymer consists essentially of a pol_yethylene having a density of at least
0.925 gfcc and a molecular weight distribution of less than 4 and moﬁm layer
composed of a low density polyethylene having a narrow molecular weight
distribution and good clarity. . In that case the inventive layer of polyethylene
20 provides stiffness that may not be provided by the lower density polyethylene

without detracting from the clarity of the lower density polyethylene as much as



pol y(4-nethyl -1-pentene), and the like. Miultilayers can be forned using
techni ques generally known in the art, such as, for exanple co-extrusion.
One particularly preferred exanple of a nultilayered filmincludes 15

one | ayer having a percent haze of |less than 17.8 conprising a pol yethyl ene
havi ng WO 9H0@siInsity in the range of about 0.925 to abrewusdsA3ebo g/ cc
and a nol ecul ar wei ght distribution of no nore than 4 and anot her -
| ayer conprising a second pol yet hyl ene 17 havi ng a nol ecul ar wei ght
distribution greater than 4, nore pref erably greater than 6, and
still nore prefera&a&ﬂdggﬁgxagae eﬁ&zﬁ RFSi ?ﬂét&l? | ng
20 Phillips chrom um cat aI ysts or Ziegler- Natta{bt%)?pe cz‘ala{ yst &&sd

WD 97/ 06951
PCT/ US96/ 13000 Ziegler-Natta type titanium-containing coordination catalyst.

15

For some applications it is so desirable f th ol yethyl ene with

t he broader nol ecul ar wei ghfﬂ&)'%rtlﬂ"ﬂ&?BFF%%%@&?SM‘éﬁM&fﬁMWq he
pol yet hyl ene having the narrower nolecul ar weight distribution, for exanple

a densi tthmgatdenﬂtamf legsdban 0.933 §/cg typicallyrhas q:mnéhakxwed meltingipoinnt
of this type there are at least three |layers and the outer |ayers

having a denait L*“%ﬁ”’“g’“‘éﬁ‘“‘ﬁ%‘t‘s o e A Ploia by RV
transition metal coordination catalysts or Phillips chromium catalysts. If a lower
" melt temperature layer is desired it may therefor be advantageous to use the
polyethylenes having a density in the range of 0.925 to 0.935 g/cc and a molecular
weight distribution of less than 4 to form the layer having the haze of les§ than
10 17.8.
In a particularly preferred embodiment all the polyetﬁyle layers
are polyethylenes produced using metallocene catalysts which have molecular
weight distributions of less than 4.
A further understanding of the present invention and its objects and
15 advantages will be provided by the following examples.
EXAMPLES

Example |
A large batch of solid particulate metallocene-based catalyst was

prepared. The preparation involves reacting the metallocene (but-3-enyl)
20 (cyclopentadienyl) (fluorenyl) (methyl) methane zirconium dichloride which is

. also known as (5-cyclopentadenyl) (5-fluorenyl) hex-1-ene zirconium dichloride = -



0.945 g/cc and a nol ecul ar wei ght distribution of no nore than 4, and and

t he I nner | ayer conprises a polyethylene having a density of at
| east about 0.945 g/cc. I n anot her preferred
enbodi ment there are at |least three layers and 10 the outer |ayers

have a haze of Wos3gesshan 17.8 percent and consists essenti al PgI/vs96/13000

pol yet hyl ene having a density in the range of about 0.925 to about 0.945
g/ cc and a nol ecul ar wei ght distrilgtion of no nore than 4, and
and the inner |ayer conpri ses pol yet hyl ene having a nol ecul ar

wei ght di stributi ogithfa 20 Weigiit! petéent86lution of methylah@ifiiGiany ift ftoluaisStd Hive a
0.93 g/cc, nost preferably a density in the range of 0.91 to 15 0.929

g/cc with a HLM i efh . 0 : i .
The nost pref erredgb}r‘& t?ll aygggg i | mstcaré tsﬁgﬁ?@. i‘I?]a P?%/stgﬂjeba’ dried thermally
multilayered filmitself .h . percent .haze of. s th 1¢.8,. even nor

pref erably ands%"&?é‘r‘@h&‘m Xﬁgm%swﬁ e?dp the?ﬁ‘l‘ﬂé catglystyste. To

preferred three layer filmthe outer . | ayers each have a thickness’
in the range of atﬁolcrozem@edns)s&stanﬂpeﬂemalmsamedm of 1t metallpbéneimass s
of the three layered film A particularly preferred inner |ayer is one

havi ng a t hi gknesscopatipherizedavit ethyfene byabddihg thybeieas thaiffaid § préssiiralin the

t hi ckness of WO 97/ 06951 .

PCT/ US96/ 13000 : . cor : s

the three | ayered rfe?‘fnr%n V\)cv?stehattShtg 4;},3}%/%&“{9“3[“%13 Fhﬁggtppfrg%er wlgsel ng t%mf%\%

density about 20°C. After about two hours, the ethylene addition was stopped and the

sharry was filtered. The solid was washed with toluene and then with hexane and

dried overnight using a membrane pump until no more solvent appeared on the

10 condenser. The resulting pink powder was dried an additional 5 hours in a high

vacuum. The solid was sieved through a 60 mesh screen and combined with

Cabosil HS-5, a fumed silica which had been dried thermally and treated with
trimethylaluminum.

The resulting solid metallocene-based catalyst system was then

15  employed in a pilot plant scale continuous loop reactor under slurry type

polymerization con&itions. The feedstocks to the reactor were passed through

alumina drier beds prior to Being sent to the reactor. The reactor was a stainless

stee] pipe loop reactor. Circulation was achieved by a propeller within the reactor.

Reactant concentrations were monitored by flash gas analysis using two on-line

20 gas chromatographs.



| i near copol yner of ethylene and 1- hexene produced using a Phillips Cr

cat al yst in a particle form pol ynerization process, particularly
a copol yner having a density in range of about 0.91 to about
0.929 g/cc, an HLM in the range of about 5 12 to 24 dg/mn. and a
nol ecul ar wei gNO #¥e§951i buti on greater than 10. PCT/US96/13000 | t

Is also wthin the scope of the present inventive nmutilayered filns
to have a | ayer of polyethylene having a broager nolecul ar weight
di stribution and a lower density than the polyethylene in the

layer having a percent haze T joffferizations were chitffied in Bobbie &2 XANHRIE B
be Tonpose

| ayer coul d have a percent haze of |less than 17.8 and 10

of a pol yethyl ene ' ' q/ and | ecul ar |
wei ght distri butioﬁ% vty ﬁ%ﬁé@%‘ﬁ%ﬁiﬁﬁﬁ‘%ﬁsﬂﬁ%&%%%mw a
pol yethyl ene havin densi t f.les hap 0,925g/cc,, such as_for exanple a

| ow densgf 30550? E?l{f?g)ﬂ%e udepolymers 1of gthylenesand hexenschb hgving
It is also within the scope of the present invention to have a 15

nul tilayered fil m densiigscvarying fromel.ONZ% ton 09402 cgitc maree profdubed msingathe isolid

whet ei n the polyner consists essentially of a polyethylene having
a density of 5at | egfetallocene based éutdlyst ystetn. aMhe PRt EopUN Bl of various
distribution of |ess than 4 and anot her | ayer conposed of a | ow

Genn 1 POLYEA Ui Gre RbGRITYE ) it o s pomrisin
PO DT, 20, g ot WotaS ol abehShrie 58 Bt
the | ower density polyethylene as nuch as
percent zinc stearate based upon the weight of the polymer.
The resulting polymers were then evaluated for various physical
10 properties and were employed in the production of films using a 4 inch-Sano
blown film line having a 1.5 inch single screw extruder. The film die is a spiral
mandrel die with four entry ports and is 4 inches in diameter. The die had a dual
lip air ring mounted on it which was used to cool and stabilize the extruded
bubble. Film blowing parameters were employed that are typical of linear-low
15 density polyethylene type processing conditions, including a 0.06 inch die gap,
190°C extruder barrel and film die set temperatures, 2.5:1 blowup ratio, no stalk,
i.. "in-pocket extrusion” in 1 mil film thickness. The screw rotation was adjusted
to keep the extrusion rate between 55 and 60 pounds per hour, so that the film

properties so obtained would scale directly (i.e., be the same as or at least very

20 similar) with those obtained from larger, commercial scale equipment.
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woul d a simlar density polyner produced by a Phillips chrom um cat at al yst
or a Ziegler-Natta type titani um containing coordination

cat al yst. WO 97/06951 A layer having a percent hapermodsnzmer 17. 8
made of a pol yet hyl ene havi ng a density of less than 0.935 g/cc
typically has a much | ower nelting point 520 t han pol ynmers of the sane
density and nol ecul ar wei ght produced by conventi onal transition

metal coordination catal yst Fopkombidflthe poljetiéneredpolythers irins Weretals® e
nmelt tenperature layer is desired it may therefor be advantageous to use

ol cc and a mol ESLY‘EW*‘EW"W g‘%ﬁ@&*&ﬁ%ﬁ%w&?‘%%ﬁﬁﬁfk%??f

t he | ayer having the haze of l.ess th
In a particularly ‘FQJPE& TR MW@%PWPPEA%M@“CMW

are pol yet hyl enes produced using netall ocene catal ysts whi ch have nol ecul ar
wei ght di stri buti cavsilable| Bow 2045A copolymer, which is believed to be a linear tavh density
under standing of the present invention and its objects and 15

E% f'\i/g tL E% es wsl | bepdiyetiyiiéiR Copolyinefprotthded ising a Bsa-iitiAfocene titanium-based camlyst
system. Also, films were made using a copolymer produced by a Phillips chrome

resin. .
Various characteristics of the polymer and the polymerizatioh were
characterized. Examples of characteristics determined in various cases include
10 Haze (ASTM D-1003 using an XI1.-211 Hazeguard System from Garder/Neotec
_ Instruments Division); density in grams/mL (ASTM D1505-68); High Load Melt
Index (HLMI) in grams of polymer/10 minutes 190°C (ASTM D1238-86,
Con;lition 190/21.6); Melt Index (MI) in grams of polymer/10 minutes 190°C
(ASTM D1238-86, Conditton 190/2.16); Shear Stress Response (SR) determined
15 by dividing HLMI by MI; Molecular weights by size exclusion chromatography,
| i.e. weight averge molecular weight referred to herein as M,, and number average
molecular weight referred to herem as M,; and Heterogenity index (HI) or
molecular weight distribution (MWD) being determined by dividjng M, by M,.
The (SEC) size exclusion chromatography was conducted us;ing a linear column

20 capable of resolving the wide range of molecular weights generally observed in

polyolefins, such as polyethylene.



'Exarrpl e |

A large batch of solid particulate

net al | ocene- based cat al yst was prepared. The preparation involves
reacting the netall ocene (but-3-enyl) 20 (cycl opent adi enyl)
(fluorenyl) (nmethyl) nmethane zirconiumdichloride which is al so

WO 97/ 06951

known as (5-cywbepaesessndenyl) (5-fluorenyl) hex-1-ene zirconiprroseesioos i de

PCT/ US96/ 13000
with a 10 wei ght
soluble olefin po
thermal |y

liquid catal yst s
unsat urated group
et hyl ene by addin
vessel at 3 to 4

. 1 . 18 .
percent sol ution of nethyl a%um noxane in toluene to give a

Ven a1 | e GEORSIRTENE) TR uf TonfdBinals Chend ok
e ftined . oS S RRAS, LE 5, SR Sl
g thylerie‘to mai ntain a pressure in the, reaction

Pobaner eelt viscasity ¢o tomperaturee Thisiscacnergty vieweed asiafnstioniof, ¢

about 20[err]C. After about two hours, the ethyl ene addition was stopped

and the

then with hexane
no nore sol vegnt a
powder was dried

10

15

20

the lingarwssnétivotle cleacteihef the potymers Thesheldcnlat weight and éheand
and dried overnight using a nenbrane punp until

SR D0 gt s ARy Vbt el
flow activation energy. The Ea in terms of kJ/mol can be readily determined from
data obtained from a dynamic rheometer such as Rheometrics Inc. (RMS 800)

dynamic rtheometer. A standard prescription for summarizing the

viscosity-temperature dependence of polymer melts has long been available in the

- scheme known as the Williams-Landel-Ferry (WLF) superposition which is

described in the classic text entitled "Viscoelastic Properties of Polymers", 3rd
Edition (John Wiley & Sons, New York, 1980) by John D. Ferry. Data needed for
establishing the temperature dependence of dynamic viscosity versus frequency,
or viscosity vs shear rate, are not difficult to obtain at various temperatures in a
range between melting and the onset of chemical degradation. In érder to ensure
that the Ea values are most accurate, it is desirable to optimize the data to produce
optimally smooth isothermal master curves according to the WLF time-
temperature superposition but using a least squares closeness-of-fit criterion based
on Carreau-Yasuda model parameters that have been shown previously to

give highly precise fits to single temperature polyethylene data. This can be done

in various ways. The currently preferred technique involves subjecting the



vacuum The solid was sieved through a 60 nmesh screen and conbi ned with
Cabosil HS-5, a funmed silica which had been dried thermally and treated

W th trimethyl al um num The resulting solid
met al | ocene-based catal yst systemwas then 15 enpl oyed in a pilot

pl ant scal e congboysges | oop reactor under slurry type PCT/US96/13000

pol yneri zati on conditions. The feedstocks to the reactor were passed

t hr ough alumina drier beds prior to §eing sent to the reactor. The
reactor was a stainless steel pipe loop reactor. Circul ati on was

achi eved by a pr Op‘?fyhﬁhicv’ﬁﬁéysﬁ%mﬁué&?%ﬂes obtained from BFacoittrics, Inc. dynamic
concentrations were"nonitored by flash gas analysis using two on-line 20

%"é?, Bgrggﬁggggaphs'viscometer to a\ﬁol%mgg(}mputer program entitled "Rheolo§y Analysis

The pol yneri zations were conducted .in_jsobutane. as a |iquid dj] yent .
usi ng varyi ng anourfiregram Gﬁ'ﬁwwdahmmélm&twl@m&mympa@s%ﬂ CoPYHighS e r
of lots of polyethylene fluff. Copolynmers of ethylene and hexene-1 havi ng
densi ties varying foidch @adfiléd fororegistrdion gn Famuarey 21, 1085luThis prepreiatylvempuler d
5 ° netall ocene based catal yst system The pol yethyl ene copol yners of

vari ous 5 Qabsrab i8 aviifibfe fof WOHY dafrsdder 2 libeRingProgianbi | 1 zat i on

package conpri sing

Discussions of the Carreau-Yasuada model can be found in
ngmmgutﬂqlmmm Second ed. (John Wiley & Sons, New York,
1987) by R. Byron Bird, Robert C. Armstrong, and Ole Hassager; as well in
C. A. Hieber and H. H. Chiang, "Some correlations involving the shear viscosity
10 of polystryrene melts," Rheol, Acta, 28, 321-332 (1989) and C.A. Hieber and
H. H. Chiang, .Shear-rate-dependence modeling of polymer melt viscosity,”" Polvm.
Eng. Sci, 32, 031-938 (1992).
The copolymers produced using the metallocene-based catalyst
system have some distinct differences from the Dow 2045A polymer and the
15 polymer produced using a Phillips chromium catalyst. Specifically, the polymers
produced using a metallocene-based catalyst had molecular Weight distributions
in arange 0f 2.17 to 2.31 and unusually low melting points for their density. The
Dow polymer had a broader molecular weight distribution. Thé polymer produced
using a Phillips chromium catalyst a molecular weight distribution that was even
20 broader than that of the Dow polymer. In addition, the SR or HLMI/MI for the

polymers produced using the metallocene-based catalyst were in the range' of 17



0. 06 wei ght percent Irganox 1010, 0.12 weight percent PEP-Q and 0.05

wei ght percent zinc stearate based upon the weight of the

pol ymer. The resulting polynmers were then eval uated
for various physical 10 properties and were enployed in the production
of filnms usi ngwos¥0s95ch Sano bl own filmline havi ngcaussdiseach
single screw extruder. The filmdie is a spiral mandrel die with

four entry ports and is 4 inches in dianeter.23The die had a dual
lip air ring nounted on it whith was used to cool and stabilize the

ext ruded _ t18Whéeasthé Do resih 8is BO! Frsrh Theolvgical datiindyChirdanaVastida
typical of linear-low 15 density pol yethyl ene type processing

condi tions, incl udj Am ' rhg,gq ﬁ@tﬂm . . ﬁF'Efé .&gﬁr

and fil rkn ?i e ;set _tgrrpe_rgtae%tfr%gg?x?. I ; fvE omugo?g?ﬁ?s%%tﬁgpa ,H_ co%aﬁ‘?ti.e_
"I n-pocket extrusign" I m | I cknes e, screw rotatlon was .
ad] ust ed e peliapers podused hromahe matdlosencrhasd Sgstem Had v Arkikation,
hour, so that the film properties so obtained woul d scal e

directly (i.e., beend¢rgiesdmthegange ofi20.48;d0 23S ykI/mol. The Dow 2643A polymertinse
obt'ained from |l arger, commercial scale equipnent. WO 97/ 06951

PCT/ US96/ 13030 contrast had a flow activation energy, Ea, of 25.47 ki/mol. The méallocene-based
For  some of the pol yethyl ene copol yners runs were al so nade wher e

the copolymer had Befh GOURAL IS vithhidd Yo WéteHfatrt the REACHHEGH of tsrifidal vinyl

groups. The percent of chains with a terminal vinyl were in the range of 30 to

about 42.9 percent, a value of which is somewhat lower than that normally

observed for copolymers produced using chromium type catalysts. Carbon "NMR

10 analysis also indicated that the metallocene-based polymers showed the evidence

of trace amounts of ethyl and butyl short chain branches which may have come

from in-situ generated ome olefin oligomers. As determined By FTIR

spectroscopy, the total branching of the metallocene produced resins varied from

about 0.4 to about 2.1 mole percent. The number of vinyl groups per 1000 carbon

15 atoms for the metallocene based resins as determined by FTIR was in the range of
0.087 to 0.145.

A summary of the polyethylene properties and the properties of

selected films is shown in the following table.



fluoropolyner. As controls filns were al so produced using the commercially
avai |l abl e Dow 2045A copol yner, which is believed to be a linear | ow density

5 pol yet hyl ene copol ymer produced using a non-netall ocene
titani um based cat al yst system Also, filnms were nade using a
copol ymer produdea®7egesa Phillips chrone : resin. PCT/US96/13000

Various characteristics of the-polymer and the polynerization were
characterized. Exanples of characteristics dejgermned in various cases

i nclude 10 Haze (ASTM D1003 u5| ng an XL-211 Hazeguard System from
Gar der / Neot ec ) ITTE
D1505-68); H gh Lo#d ] (HL M —in
m nutes 190[err] C { ndMDi oHTb&QArzg.. @aze, #E] Gloks)§ex
(M) in grans of p¢ Pr g] G Tear, g (ASTY D1238} 864
Condi tion 190/ 2. 16 " SERT I TESS. RESPONTFE getrgrmned v
di viding HLM by M{IAMo| pBSIRR| W8 G247 388 Jo 200c| lisi 38 chﬂorﬂsﬂ%g@&@
i.e. weight averge | echbaf7onEL 8] 5.97 €] 788 [t 02ddET £i N 436 ery4s ahqsjuigber
aver age @'w' P 51“ e}i-r-ﬁ-, ' : 14
Het er ogeni ty 3 ndex sl ) pp.9216 1136 | 24 efulkar w&”gh di43t ri Qut 5.9n [ NITH
being determned b T VI P Ng J9E R r I (SEC)T ST Zze
excl usi on chromat o 2&[’, n‘t.z-fgyu\z% A8 -
capabl e of resolvi oot [ apne 91 npllqsql a[74vve ghigs3 genersdsl vl qbgenjved
in ol yol -srrcir—trs rt=ret-trirter
) poLY 0.9256 1 0.9 31 153 170 422 - -
09256 (098 | 231 | 152 | 222 355 - -
10 09402 1 087 | 231 30 19 147 - -
231 24 168
417
240
15

In the above table if there is an A after the film number, it refers to
a film prepared without any fluoroelastomer, whereas if there is a B after the
number, it refers to a film produced using a polymer containing 0.07 weight
percent fluoroelastomer. No fluoroelastomer was used in the control runs where
20 films were produced ﬁom the Dow resin and the Phillips chromium resin.
The table demonstrates fhat in some cases the addition of

filuoropolymer improved the dart impact strength. It is' important to note that the

SUBSTITUTE SHEET. (RULE 26)



WO 97/ 06951

PCT/ US96/ 13000 21

The property referred to herein as-flowactivation energy, also

sonetinmes referred to as energy of activation, i.e. Ea, reflects the
sensitivity of we 9706951 pol yner melt viscosity to tenperat BCEUSISN3BOI S
general ly viewed as a function of the linear vs network character
of the polymer. The nol ecul ar wei ght and the 5 nmol ecul ar wei ght

distribution are also generally viewed as factors affecting the

flow activation e ' ' ned
w Ivat| gﬁgﬁpg?e}r:lgg rréﬁn%@{/ﬁ%cl?élekr&ﬁﬂd stheGthBCthaf 8 filkh SEhe 8din e

from dat om a nam c rheonmeter such as Rheonetrics

Inc. (RM5 800 . d ) h ter. . | Dt ivQh.
05 0 500) i oS BRI S ah PSR RSN,
R YT TESERENITE S, <1 9T R

the classic text entitled "Viscoelastic Properties of Polyners", 3rd
Edi ti on (John W efor&d4sb irapadtieand ieak resis®miog, the faohstilDrerhains yhatBhe xopelyred
for establishing the tenperature dependence of dynam c viscosity

versus frequency, duced usilf the SheENdenY Ss Tapable 'oFt Frodei glich# ik tatt O
obtain at various Preoml)ne;? atuurgsﬂiibn a 15 S rgngg bel?-g/eerﬁﬁgngle%yi ng and thae

onset of Snem ol el il 0k o83 Ui i ik e 5 oo

optimally smooth | fil%shw Ji'orrrla é glrghgru crle\él(;isty ?gs(fl?srlgajvg %het gddrigo%ai/%ripgli'tyn%f greater
stiffness than the films made from lower density polymer, a definite advantage in
some applications.

10 It was further noticed that the films produced from the lower density
metallocene based resins, i.e. those having a density of less than 0.925 g/cc
exhibited .'signiﬁcant friction in the wooden take-up slats. In addition, the
tackiness and blocking decreased as resin density increased. Accordingly, for the
best balance of processing and clarity properties, the metailocene produced resins

15 having a density of at least about 0.925 g/cc were preferable. Additional runs
were made that demonstrated that it was possible to produce 0.5 mil films using

the special polyethylene copolymers having a density of at least about 0.925 g/cc

and a narrow molecular weight distribution.



tenperature superposition but using a | east squares cl oseness-of-fit
criterion based on Carreau- Yasuda nodel paraneters that have been
shown previously to 20 give highly precise fits to single tenperature
pol yet hyl ene data. This can be done tn various ways. The
currently pref &¥08yosdsIchni que i nvol ves subjectlng t he PCT/USR/BI06951
PCT/ US96/ 13000 22

dynam ¢ viscosity frequency curves obtai ned fa2eom a Rheonetrics, Inc.
dynami.c visconeter to a proprietary conputer programentitled
"Rheol ogy Anal ysis Program CY" c@Exameslelfl/ Phillips Petrol eum .
Conpany unpubl i shed copyri ght which was filed for registration on

January 31, 1995. This prOprA%@sEﬁ/ud"eEr’ﬂlH&rﬁ'ﬁlmﬁmvmgtﬁfe@%ﬁ?%’w%sibi’éﬂub@tphﬁn Or

use by others under a IlcenS| ng program D scussl 0

of the Carreau- Yasuada rmd an found in n cs of P rrerl c
Li qui ds. Second ed® @nﬁ?@?ﬁ € RishAred uging the sa%e@p Qg Fg
Bird, Robert C. Armstron . and de Hassager as well i

) in
H eber and H. H. Cdesosibed isExamplertand-a losvdensity dingan lymlgmamduc@bwg 9
10 - of polystryrene nelts,"” Rheol. Acta, 28, 321-332 (1989) and C A

H eber and 3§ Phiftips-threzhinargtaly processa tBoth ethylmiesrwerenapelymgs of ethgleneer
melt viscosity," Polym
and 1-hexene. The medium density metallocene-produced polymer had a density
of 0.9309 g/cc and a melt index of 0.87 dg/min. The low density linear
polyethylene produced with the Phillips chromium catalyst process had a density
in the range of 0.919 to 0.923 and a HLMI in the range of 15 to 21 dg/min. If one
10 pro&uced a 1 mil film using the chromium low density linear polyethylene, it is
possible to obtain good physical properties, however, the optical properties are
less than would be desirable for clear film applications, i.e. the percent haze is
greater than 17.8 in such a film. A 1 mil film produced using the metallocene
| catalyst system had lower tear resistance than the low density linear polyethylene
15  produced using the chromium catalyst. The 1.5 mil coextruded film was extruded
using a Sano coextrusion dye. Processing parameters included 3.0:1 blow up
ratio, 0.060 inch die gap at 200 Ib/hour rate. The bubble configuration was
"pocket”. The process was carried out to produce a product in which 60 percent
of the thickness was the low density linear polyethylene and the two outer layers

20 each were 20 percent of the thickness, the two outer layers being the metallocene

polyethylene. The metallocene polyethylene was compounded with 1 weighi



Eng. Sci. 32. 031-938 (1992). The copol yners
produced using the netall ocene-based cat al yst system have sone
distinct differences fromthe Dow 2045A pol yner and the 15 pol yrer
produced using a Phillips chromiumcatalyst. Specifically, the polyners
produced usi ng WO masestl ocene- based cat al yst had nol ecul ar weiR§ITUS96/13000

di stributions in arange of 2.17 to 2.31 and unusually low nelting
points for their density. The : Dow palyner had a broader nol ecul ar
wei ght distribution. The pol ynmer produced using a Phillips

chrom um cat al yst pergentcsTulmpactei1 0919, Wiidh istbeliewsd tbfb%tabﬂ&eeétE{len@ﬁnear low
broader than that of the Dow polynmer. In addition, the SR or M/M for

}[ Ee the range OP%%’&@&&W’%&Q&E%@%W&&& 3 W@Pﬁéﬁ@:ﬁ%tﬁ@hﬁbﬁﬁ%faswe‘?
PCT/ US96/ 13000 . . . . . .23 .
18 whereas the DowPrgessingaid Asomparism ovarioys E%Pe%%&fam0&w%‘¥d-%?&wat °

paraneters at 190[err]C, the flow activation energies of the polyners were

conpar'ed. of pachpofl thertwe resinsiandeef the 3,58 ik coextruded filmare set forth insthem
had fl ow activation energies in the range of 20.48, to 23.71
kd/mol . The pw 204§ifevifigyable. in S contrast had a flow activation

energy, Ea, of 25.47 kJ/nol.

The netal | ocene-based
al so eval uated to getre mu LA A~ Ao et o o2 e o e

pol ymers were

Cmprisn of Films '

Metallocene
Property Tested Coextruded Cr Polymer Polymer
fGauge - mil 1.58 1.01 1.08
IE. Tear MD g| 101 103 58
10 |E. TearTD g| e85 323 272
~ |TEDD. flbs| 123 1.45 0.886
Dart g 96 216 110
Ten. @ Yield Md  psi 1800 - 2150
Ten. @ Yield TD  psi 1850 - 2300
15 Ten. @ Break MD  psi .4450 - 3750
Ten. @ Break TD  psi 4350 - : 4150
|ElongationMD % 517 - 506
| Elongation TD % - 723 - 630
Haze '
20

The data shows that the coextruded film has improved optical

properties as compared to the low density linear chromium based polyethylene and

improved properties in toughness as compared to the films made o:ﬂy from the



groups. The percent of chains with a termnal vinyl were in the range of 30
to about 42.9 percent, a value of which is sonmewhat | ower than
that nornally observed for copol ynmers produced using chrom umtype
catal ysts. Carbon [err] NMR 10 anal ysis also indicated that the

met al | ocene- bas¥@9P¥Siner s showed t he evi dence of t rPOTAISHA3000t S Of
ethyl and butyl short chain branches which-nay have cone from
in-situ generated one olefin oligoners. As deigerm ned by FTIR

spectroscopy, the total branching of the netall ocene produced resins varied

from aboumethllécéne polymer. Of partiotlar fiste isahé factfihiat the Ay ofdhe ¥beXttuded
groups per 1000 carbon 15 atons for the netall ocene based resins as
determ ned by FTIR &i :

A summary of the p(i)iingg%ﬁ%&?%ﬁ%fﬁagstbgn%ﬂt‘%gdglrnggét;??es eg?a%r
selected filns is shown in the followi ng table. WO 97/ 06951
PCT/ US96/ 13000 24

Pol yet hyl ene Properties Fil mProperties Film
Density M MAD Dart, ©MD TD Tear, g Haze, % d oss,.

g/ ¢c g Tear, g % 1A
0.9179 1.06 2. 17 388 200 398 4. 06 119.7

| B . 0.9179 1.06 2.17 708 299 429 3.73 134. 3



5 : 36 2.24 169 237 411 5.9
nes I m‘n@gﬂﬂmzz %88 275 286 253 429

- - s =+ 0.9222 1.89 2.21 145 174 453
5.66 118. 2 4A 0.9256 0.98 2.31 153 170 422
- - WO 97/06b81 0.9256 0.98 2.31 152 222 PCTIUS6/131085

- - 10 5A 0.9402 0.87 2.31 30 19 147

- - 5B 0.9402 0. 87 2431 - <30 24 168
5.74 121. 4 Dow 0.9200 1.00 4. 17 216 461

755 17.8 . Cr 0. 9230 - 24.0
- - THATWH!‘;I{%S &ﬂé%.E?S Resi n :

In the above table if there js an after.t filmnunber, it,refers t.0

a filmprepared without any 1If“l ug‘rs(f’ 'WBW%W]%?‘@%%‘?OTW@F%IW?e?%%%r
the - nunber, it refers to a film produced using a pol yner )
cont ai ni ng 0.07 welegstione layer is a lowhaze dayer having a;psrognt bagerof legs than 17.8 wherein
fl uoroel astoner was used in the control runs where 20 films were

produced from the @evpdlpmerconsidtsiebsentibily of polyethylene seiected from homopolymers of
The- t abl e denponstrates that in sone cases the addition of

fl I i i S .
f| uor opol yer i npr gGet B Clolyrh PR dehPlehi Bl bhe br'mbre dHBVUILAN seleRtedéin

ot al Tocens. Dhsed @R SoRETRe of Mobe-gsfng hasine.? 19,49 PESE,simey sy

resin with | ower density that was _produced V\%t a Phill i'ﬁs .
chromi um cat al yst . polyetlylene having 2 \densitst of |acleast 0.827 #/FG# HBolgcylar, ayqight ¢

0.9402 g/ cc had somewhat | ower val ues . :
distribution of no more than 4, and optionally con g a fluoroelastomer.

2. A film according to claim 1 wherein said film consists of a
single layer.
3. A film according to claim 2 wherein said film has a percent
haze of less than 10.
4, A-film according to claim 3 wherein the polyethylene used to
-produce said film has a densityof at léast about 0.93 g/cc.
5. A film according to claim 4 which is a blown film.
6. A film according to claim 5 having a thickness in the range of
about 0.25 to about 5 mils.
7. A film according to claim 6 wherein the polyethylene is a
copolymer of ethylene and 1-hexene which contains ethyl branches.
' 8. A film according to claim 7 wherein the polyethylene has a

density in the range of about 0.93 to about 0.945 g/cc.

-
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for dart |rrpmm stance, the fact still remains that the
copol yner n ’Lmﬂmmm’ng the netal | ocene is capable of producing

very clear filFns®att densities nmuch higher than that normally
enployed in nmaking filnms. In addition films nmade fromthe higher
density resins Wa9¥0@%e additi onal property of greater PCT/USDE/13D00cS S
than the filnms made from |l ower density polyner, a definite advantage in
sonme applications. 10 It g@s further noticed that the
films produced fromthe | ower density met al | ocene based resins,

i.e. those having a density ©f |4 fiimtdreordihgfdSclgis wherein 8 the pGl’YBIh?leh@dlas a
significant friction in the wooden take-up slats. In addi.tion, the

tacki ness and bl oCkhdlecilfCweRHE distibuliba bf nd Rkt an N GiEH

for the best bal anc?ﬁof pr oces&ﬁg andmﬁlnariﬁl{:y g?g%e@gﬁgg%ﬁ%&e
nmet al | ocene produceg. re having a density of at |east about
0.925 g/cc were pré’? éﬁ ihﬂ:lgnlon runs wer e nmade t hat

denonstrated that it was possible _to produce S5 ml films usin
the special polyethyl ene copdfyrbfilmpeep mtacbmﬁwl;er@nﬂmpqlmbﬁemMamelt

0.925 g/cc and a narrow nol ecul ar wei ght distribution.
WO 97/ 06951 index in the range of about 0.2 to about 5 dg/min.
PCT/ US96/ 13000 26

11. A film according to claim 10 wherein the polyethylene has a
shear stress response value in the range of about 16 to about 20.
12. Afilm abcording to claim 11 wherein the polyethylene has less
than 0.1 long chain branches per 1000 carbon atoms.
13.. A film according to claim 12 wherein at least about 20 percent
of the polymér chains of the polyethylene contain terminal vinyl gfoups.

14. A film according to claim 13 wherein the polyethylene is
‘prepared by polymerizing ethylene and hexene in the presence of an alkane liquid
diluent under shurry polymerization conditions using a catalyst consisting
essentially of the solid catalyst prepared by (a) combining 5-(9-fluorenyl)-5-
5 (cyclopentadienyl)-hexene-1 zirconium dichlc;ride and methylaluminoxane in a
liquid, (b) prepolymerizing ethylene in the resulting liquid, and (c) separating the

resulting solid prepolymerized catalyst system form the liquid.
15. A film according to claim 6 wherein the polyethylene is
produced by the homopolymerization of ethylene in the presence of an alkane

liquid diluent under slury polymerization conditions using a catalyst consisting

—_—
—_
—
—_—
—_—
—_—
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Exampl e 11 A coextruded bl own film having three
| ayers was produced using u !‘ "llll/“l&"ltﬁﬂ"’m density netal | ocene prepared
usi ng the sanme type of cat 1 o 18 described in Exanple | and

a low density |inear polyethylene pr"oduced using a 5 Phillips
chrom um cat al YW@ 9M6¥dess. Bot h et hyl enes were copol yners of REITISPEI3000
and 1- hexene. The nedium density netall ocene-produced pol yner had a density

of 0.9309 g/cc and a nelt index of 0.87 'dg/m3t The |l ow density |inear

pol yet hyl ene produced with the Phillips chrom um catal yst process had a
density essehtially afigite edlid) catalyst prepaftd3by(a) conttidingi 53(9-fliRoredyl)ss-of
15 to 21 dg/mn. If one 10 produced a 1 ml| filmusing the chromum

| ow density 1§ near @eiofRhliMiehy-hekénd-$ zirconium dichi$fide it fckiiy1RBindkafe ' a

physi cal properties,” h the optical properties are ess

o et N ) BiepSty ok ffo B i el i, hAF( bt R

the netal | ocene . catal yst system had | ower tear resistance than
the | ow density | i fesaiingsolidprepiobmaerized catalyss systera dormythediguidhe chroni um
catal yst. The 1.5 m| coextruded fil mwas extruded using a Sano

coextrusion dye. Processing ¥r Afilircacsondiry to dlaiim 3. ddnthiningothreelayers wherein the -
ratio, 0.060 inch die gap at 200 | b/ hour rate. The bubble configuration was

"pocket". The pr ocgfé@niwaf&ﬁh bﬁﬁﬁwwc&ﬁﬁg%ﬁ%yvﬁﬁlgﬁogﬁ{ﬂg&éﬁlén@ Wlﬁ{:l? the

per cent t he thickness™was t ear polyethylene

o e {0 outer, LE'h ¥ oINS AR Hei imblhl B DR e
metallocene polyet 23{)&9&#&&& ect?lgpegg ggg C(jm\é\,iotr r11nolre V(\ﬁile% r2>tleﬁns selected from the group
consisting of alpha-olefins having 3 to 10:carbon atoms, said polyethylene having
a density of at least 0.925 g/cc and a molecular weight distribution of no more than
4, and optionally containing a fluoroelastomer.

17. A film according to claim 16 wherein the polyethylene of the
inner layer has a density less than that of the two outer layers.

18. A film according to claim 17 wherein the polyethylene of the
inner layer has a molecular weight distribution of at least 10.

19. A film according to claim 18 wherein the polyethylene of the
two outer layers is selected from polyethylenes having a density in the range of
about 0.93 to about 0.945 g/cc.

20. A film according to claim 19 wherein the polyethylene of the

inner layer has a density in the range of about 0.91 to about 0.929 g/cc and an

- HLMI in the range of about 12 to 24 dg/min.
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th ene- et hyF:Lgelnf ng;r Amfﬁm"mﬂmuumm"“ozl gg!t Ihsrgﬁet golrjl?a?nl ng about 3

wei ght percent of the fluoroel ast fonr processing aid. A conparison
of various proQeeesiof approximately 1 ml filns oPcrusdEnsdoet he
two resins and of the 1.58 m| coextruded filmare set forth inthe 5
foll owi ng table. 32 Conparison of Filns

Met al | ocene ' Property Tested Coextruded C Polyner Pol yer
Gauge m | 1. 3. A film actofding to claim 20 Rferein the pol Té?ﬁ:r fif
g - 101 103 - 58 10 E. Tear TD P ﬁthy o

323 272 two outer'] [Qel -

0 886 art layerdis ected frbin tb%?ame or diffefent p%llrgthyleﬁe ‘s}ae?%from
Ten. @Yield M psj Ten. @YI el d
TD psi 1850 bolyethyledes ha"mgam%%exl'&the rans?gﬁ8 2@ B 4BminND psi

4450 - - 3750 @ Break TD psi 4350

- 4150 El ong@ i Arﬂlmccordmg/&o claim 25which is a coextruded blown film
506° El ongati on TD % 723 630

Haze havmgap&c&thaze of lesstHah 10 percent aﬂdﬁtﬁ@lmess in e @dfpe of 0.25

- . 115.6 The data shows that

the coextruded filgd$gg i nmpr oved opt i cal

23. A film according to claim 22 wherein at least one of the outer
layers contains polyethylene having a melt index of less than about 2 dg/min and
said polyethylene contains about 0.01 to about 1 weight percent fluoroelastomer.

| 24. A film according to claim 1 having at least a second layer
wherein the polymer consists essentially of polyethylene having a dens;ity of at
least about 0.945 and a molecular weight distribution greater than 6.

25. A film according to claim 1 having at least a first and second
layer wherein the polymer of the second layer consists essentially of polyethylene
having a density of less than 0.925 g/cc and a molecular weight distribution of less
than 4 and the first layer has a percent haze of less than 17.8, wherein the polymer

5 of the first layer consists essentially of a polyethylene selected from
homopolymers of ethylene and copolymers of ethylene and one or more other
olefins selected from the group consisting of alpha-olefins having 3 to 10 carbon

atoms, said polyethylene having a density of at least 0.925 g/cc and a molecular
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properties as conpared m,w I ow density1linear chrom um based

pol yet hyl ene and H"”)” I es in toughness as conpared to
the filnms nmade only fro 7/ 06951

PCT/ US96/ 13000 ' 28

nmet al | ocene pomonewos9stf particular note is the fact that the PocxasIcazoaohe
coext ruded filmis significantly |l ower than that of the pol yner of
the inner |ayer. : 33 29  THAT
VH CH IS CLAI MED: 1. A self-supporting filmhaving one or

more |ayers wherei Ry tdlﬂﬁﬁﬁndﬁrkﬁ‘ﬂoaﬁ%feth%nﬂdnﬂ"&xﬁéﬁﬁxdbi‘ﬁ?ﬂne*lﬂi{ ¢6F dhout 0.2
percent haze of |ess than 10% wherein the polymer consists essentially o

pol yet hyl ene optl a ensity of at
oatt 093 ol%cr a8 a0t JoRAh, Bbfihaly, cooftfl A3hRRR s 0 ¢ han s
sai d pol yet hyl ene being furt haracteri ze in ubs antial | free
of branches having six or é éaﬁle?F d?ngtocqalmylw ere?n epoymerempzyedm

LA

making the low haze layer has a melt index of at least about 2 dg/min and does
not contain any fluoroelastomer.

27. A film according to ciafm 1 wherein the polyethylene used in
forming at least one of the at least one low haze layers has a melt index of less
than 2 dg/min and contains a processing enhancing amount of fluoroelastomer.

28. A film according to claim I wherein the polyethylene used in
forming at least one of said at least one low haze layer has a melt index of less
than 2 dg/min and contains about 0.01 to about 1 weight percent fluoroelastomer
based on the weight of the polyethylene in said layer.

29. A coextruded blown film having a percent haze of less than
17.8 consisting of three layers wherein the polymer of the each outer layers is the
same or different polyethylene selected from polyethylenes having a density of at
least 0.925 g/cc, less than 0.1 long chain branches per 1000 carbon atoms, and a

5 molecular §veight distribution of less than 4 and the polymer of the inner layer
consists essentially of a copolymer of ethylene and 1-hexene having a density in
range of about 0.91 to about 0.929 g/cc, an HLMI in the range of about 12 to 24
dg/min. and a molecular weight distribution greater than 10 produced using a

~ chromium oxide containing catalyst in a particle form polymerization process.

This Sheet Has Been R

T




—_—_—

' c.Iaimlv\,herein said film
""ﬂ”ﬂ! . Afilmaccording to claim

g)ggﬁst s of a singl ezi a?e]; I”"I"mm"ﬂ

wherein 2 the polyethyl.ene hds & w#noleC wei ght distribution of no nore
t han about 3. 4. Afilmaccording to claim3 wherein the

pol yet hyl ene ud976%81pr oduce said filmhas a density of at PEEUSICANONt
0.94 g/cc. 5. Afilmaccording to claim3 which is a bl own
film 6. Afilmaccording to cd4ei m5 having a thickness in
the range of about 0.25 to about 5 mls. 7. Afilm

according to claim6 wherei rd0.he\ filn seebiipgto elaim A having a hbe/ 6f 1o morsdan 26d
butyl branches. . 30

8. A filmaccordi ngyfiepeif i ﬁm@@@fﬁh'&uﬁ#hﬁﬁdH%élﬁ&k&ﬁ%nh@o’i)og'm%??ﬂ:wleh@

the range of about 0.94 to ‘about 0.945 g/cc. _
oo o g R ot 019 0 i B ik
- of each outer layer is in the range of about 5 to about 25 percent of the total

| 5 - thickness of said film, and wherein if the polymer of each of the outer layers was

formed into a one mil film the films would each have a lower haze than a one mil

film produced from the pol&mer of the inner layer under the same conditions.

—_—

This Sheet Has Bee;

L.



I n the-range of about 0.2 to about 5dg/mn d

0. A filmaccording to claim9 \/\herel n the pol yet hyl ewus -Qaf)tll ncféooo

gaccording to
Value in the

ci33BBOWDwWher ei n t he pol yet hyl ene has a
range of about 16 to about 20.

grvsi-r.
12. A film

243 MeBaggy

according to claim 11 wherein the pol yethyl,gne has a : crltical shear—st+ess
at the onset of nelt fracture of |ess than X 10[err]

13. Afilmaccording to claim212 wherein at |east about mmrm”mn he
pol ymer chains of the polyethylene contain termnal vinyd cgroups. s

14. A fil m acc FTHADHWHICHISICLAIMEDn tHe pol yet hyl ene has et hyl

branches which are uniformy di strl buted at the internol ecul ar
15. Afilmaccording to cllal %e s
t he honopol ynmeri zation of “ethylene i

—

| evel .

R R I ORY oERrs ekl SR

di luent under slurry polynerization condltlons u5|ng a catalyst con5|st|ng

essential |y of ledstonel layeris bazerlayenhaving apagceo hazernfgss than 1

5-(9-fluorenyl)-5- (cycl opentadienyl)-hexene- zi rconiumdi chl ori de and

met hyl al um noxghgerkih the polymer consists essentially of polyethylene, optionally 31
containing a fluoroelastomer, a density of at least 0.93 g/ce, and a molecular
weight distribution of no more than 4, said polyethylene being further

ehar_acterized by being substantially free of branches having six or more carbon

atoms.
2. A film according to claim 1 wherein said film consists of a
single leyer.
3. A film according to claim wherein 2 the polyethylene has a
molecular weight distribution of no more than about 3.
4, A film according to claim 3 wherein the polyethyleoe used
*’ to produce said ﬁlm has a density of at least about 0. 94 g/cc.

5. A ﬁlm according to clalm 3 which is a blown film. |

6. | A film according to ¢laim 5 having a thickness in the range |
of about 0.25 to about 5 mils.

7. Afilm according.to cllaim 6 wherein the p'olyethylene |

contains ethyl branches and butyl branches.
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|iquid, (b) prepolynerizin sultln 4‘7)13000
f?gﬁr Stl b ?hep§§§6’¢v623 gz W%j!ﬂlﬂﬂ gfi;:’iln?i con Eunfigitr%th A% "997

| ayers wherein the polynmer of each outer Iayer is a low haze | ayer

a percent haze of less than 10% wherein thggpol yner consists essentially
of pol yethyl ene, opti onal | y containing a fluoroel astonmer, a density of at
| east 0.93 g/cc, and a nol ecul ar wei.ght distribution of no nore than 4,
sai d pol yet hyl ene bei ng f g chara ferized by being substantiall ree
of branches having six or ftlmmr ingdawlaim 7 wherein the polyethyl ﬂlﬁfi{ﬂsrﬂ
according to claim 16 V\/nerel n the pol yethylene of the inner |ayer has a

density | ess thdensitiein thé ridje 6faboat 094 lobRkus 0.945 %{ec 18. A film
according to claim17 wherein the poI yet hyl ene of t I nner | ayer has a
nol ecul ar wei ght di stri bugi on | east .10 A fi
according to claim 18 wherei nf* 3{' 5§?gwwm%PWFé’ryl?'§ym i s

sel ected from pol yet hyl enes having a density in the range of about 0.94 to

about 0.945 g/ cto produce the film has a nd6leculaf weightdistribution bfatleastabbat Mser ei n
t he pol yet hyl ene of the i nner |layer has a density in the range of about

8g?r1n LO about 0.929 g/cc ggd A'liim ﬂ:ledlh t(t)rc]:feanna&ar?lerem beol%ly &1ytlene2hasa

melt index in the range of about 0.2 to about 5 dg/min.
11. A film according to claim 10 wherein the polyethylene has a
- shear stress reeponse value in the range of about 16 to about 20. |

1_2. A film according to.clain.l 11 whereiﬁ the polyethylene has a ,_
critical shear stress at the onset of meltfractuﬁe of less than 4 x 10° dyne/cm?.

13. Afilm accofding to claim 12 wherein at least about 20
percent of the polymer chains of the polyethylene containi terminal vinyl |

_ g'roﬁps.
14. A film according te claim 2 wherein the pelyethylene has
_ ethyl branches whieh are uniformly distributed at the intermolecular level.

15. Afilm accordmg to claim 14 wherein the polyethylene is
produced by the homopolymenzatlon of ethylene in the presence of an alkane
liquid diluent under slurry polymerizatibn conditions using a catalyst consisting
essentially of the solid catalyst prepared by (a) c'embining 5-(9-ﬂuerenyl);5-

(cyclopentadienyl)-hexene-1 zirconium dichloride and methylaluminoxane in a
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different pol ygBR3OW® sel ected 4Yrem pol yet hyl enes havi ngl mel_,tu _,_r@iq ARr]gg?

the range of _02t05dg/mn _ 22. Afilmaccording to clarm
21 which is a coextruded blown film having,a percent haze of |ess than 10
percent and a thickness in the range of 025 to 5 ml. _ . 23.

A filmaccording to claim22 wherein at |east one of the outer |ayers
contai ns pol yethyl ene having a nelt index of Iess than about 2 dg/mn and
sai d pol yet hyl dirmid,qb) premlﬁheang ciliylene irbthetresulting diquid;and4o) separating

}‘Iuo[oel astorrgr . Afilmaccording to claim1 having at
east a secon e t consi sts
essentially of ‘%%i{?f@! %ﬂgdi;wggm%%g%%ﬁ&“ s&st eﬂ{fq}ﬂpﬂ{e"’l}’cﬁ%ﬁt 0.945 and a
nol ecul ar wei ght distribution greater than 6. 25. Afilm

according to claim1 haviley & filmascording tosclaiamd containing theegdayews syharein he
pol ymer of the second |ayer consists essentially of polyethylene having a

density of les %é BBl ler dfeath Sutét byt i3 167 Ha2t lﬂfér%'&hng a percent haze of less

than 10% wherein the polymer consists essentlally of polyethylene, optionally
contalmng a fluoroelastomer, a den51ty of at least 0.93 g/cc, and a molecular
weight distribution of no more than 4, said polyethylene bemg ﬁthher
characterized by bemg substantially free of branches havmg six or more carbon
atoms. |

17. Afilm accor&ing_ to. claim 16 wherein the polyethylene of the
inner layer has a density less than that of the two outer layers. |

18. A film according to claim 17 where_in the polyethylgne of the
inner layer haé a molecular weight distribution of at least 10. - |

- - 19, Afilm according to 'cléim 18 wherein_the polyethylene of the
two outer layers is selected from p.oly-ethylenes having a density in the range of |
about 0.94 to about 0.945 g/cc.
| | 20. A film according to claim 19 wherein the polyethylene of the | |

inner layer has al density in the rangé of about 0.91 to about 0.929 g/cc and an

HLMI in the range of about 12 to 24 dg/min.



distribution of Iess than 4 and wherein the pol ymer ;Of H@TIUSt 96* ],h}soo 0

a. percent haz%ﬁ?’d‘ﬁgs than 10% and consists essentially of a
I

pol yet hyl ene, o) y containing a fluoroel astoner, # F?y]TsfMﬂR 1997
IeaS-t—O—QM/CC\%%_Z mol ecul ar wei ght di stribuiion of no more
than 4 and a nelt X in the range of ab3ut 0.2 to about 10 dg/mn, and
be| Em ﬂummmtu' erized by being substantially free of branches having
Si X S bl yp m -26. Afilmaccording to claiml
wherein th Irrer*errplo d i ing the | owhaz Ia rhs | t J ndex
of at |east about 2 dg/m ﬂ@@?"%@&%ﬁ#ﬁpﬁws EX[?TE‘F.OthHe
27. A filmaccording to cl al m 1 wherein the polyethyl ene used in formng
at |east one oftwdheuter ldyersis seteetedbfoomethe shmpmrsilffatenap(rbﬁethylmbseleétedl ess
than 2 dg/mn and contains a processing enhanci ng anount - of

fluoroel ast onerg, Is erein the
pol yet hyl ene usegm?%ly?tgyln?nr?ahgt eaéteitol}dgé’g f}gﬂ% 6f) ?%rrﬁﬁw haze

| ayer has a nelt index of less than 2 dg/mn and contains about 0.01 to
about 1 wei ght percent 22. A film according to claim 21 which is a coextruded blown

film having a percent haze of less than 10 percent and a thickness in the range
of 0.25 to 5 mil. |

23. A ﬁlm according to clairﬁ 22 wherein at least one of the
outer layérs contains.polyethy_lene haQing a melt index of less than about 2
dg/min and said polyethyléne contains about 0.01 to abo'ut_l weight percent
ﬂ_uoroelaétomer. .

24, A'ﬁlm- according to claim 1 having af least a second layer
wherein the polymer of the second layer consists essentially of polyethylene
having a denéity of at least about 0.945 and a molecular weight distribution
greate: than 6. |

25. A ﬁlﬁl according td claim 1 having. at least a ﬁfst apd
second iayer wherein the polymef of the second layer coxisists essedtially of
polyéthylene having a density of less than 0.925 g/cc and a molecular weighf
distribution of less than 4 and wherein the polymér of the first layer has a |
percenf haze of less than 10% and consists essentially of a polyethylene,

optionally containing a fluoroelastomer, a de_ﬁ_sity of at least 0.925 g/cc and a
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f1 uor oel ast oner based on the wei ght of the polyethylengyimwr d

29. A coextruded blown filmhaving a percent haze of Ess‘m 9%{/;[3000
con5| sting of t3gWOWeyers wherein the polyner of the eac{PE‘GgE{ﬁ1

t'he sanme or—different—poelyethyd ene sel ected from pol yet hyl'ene gﬁiavBR 1997

density of a , and a nnlecq%gr wei ght distribution of |ess
than 4 and 1 ﬁﬂﬂﬂ&muﬁﬁni Eﬂracterized by I ng substantially free of
branches haviRg ¢ carbon atons, and the polyner of the inner

| ayer consists 34

essential ly of molsentdrywe s&iﬁlxionrtﬁ‘nifm&eﬂﬁnetmdmmemndeﬂmmdmnge
range of about 0.91 to about 0.929 g/cc, an HLM in the range of about 12

to 24 dg/ mn. Iar ri. buti eater. t 10 produced
using a chr om%ﬁ&&ﬁtﬁg t;oo rme#@éﬂ’%"?é’[ “P%%%ngfz ﬁ‘/b £

pol ymeri zati on process. 30. Afilmaccording to claim?29

havi ng a haze ofubstantially frdecof branchesthavingsix loe nporecarhonodtomise out er | ayers
is selected from copol yrrers of ~ethylene and 1-hexene having a densi ty of

the range of about 5 to HSUE fu S defGrafh T ERRRD Pheirihebeifinel Plove, "

film and V\/neré_in if' t he. ? )‘lmer of each of the outer
in making the aze layer has a melt index of at least about 2 dg/min and

does not contain any ﬂu’qroelastomer.
| 27. A film a_.'ccording to claim 1 wherein the polyethylene used
in fon_niﬁg at least one of the at least one low haze layers has a melt inde’x of ‘
less than 2 dg/min and contains a ﬁrocessing enhanéing amount of
fluoroelastomer. |
28. A film according to cla!lim'l wheréin the pblyethylene used
in forming at least one of said at least one low haze layer has a melt index of
less than 2 dg/min and cbntain_s about 0.01 to aboﬁ_t 1 weight percent
- . fluoroelastomer based on the weight of the polyethyleﬁe m said layer.
'29. A coextruded blown film having a percent haze of less than
17.8% consisting of three layers wherein the polymer of the each o.ﬁter layers
is the same or different polyethylene selected from polyethylenes having a
deﬁsity of at least 0.93 g/cc; énd a molecular weight distribution of less than 4
and being further chat"'acterized. by being slublstantially_ free of branches having

six or more carbon atoms, and the polymer of the inner layer consists
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under the sa WEi ons. S A*film according t
wherein the polyethylene is prepared by pol ymeri zi ng et hyl ene and hexene
in the presence of an alkane Iiquid diluent3gunder slurry polymerization
conditions using-a catal yst consisting essentially of the solid catalyst
prepared by (a) conbining 5-(9-fluorenyl)-5- (cyclopentadlenyl) hexene- 1
zi rconium di chl ori de _and_ net hyl al uni_ngxane in a qui d,

prepol yner i zi ngssentialsief 2 sopolymes of pthylane andul-hexwa(vel;g gésam ingangehe

resulting solid prepolynerized catal yst systemformthe |iquid.

35  of abot20.93 touNole8 9295 /éc, MMIFDMII il ¢hé rdrpe\dTabout 12 e 280! ymer
consists essentially of polyethylene optionally contalnlng a

fl uor oel ast oner sai d | ene, den5| st cabout 0.93
g/cc, a MAD of dgm ‘?nﬂqgoﬁ Hﬁe a‘ﬁﬁ'ggflﬁlﬁ @P@%ﬁ?‘? vl e
distributed at the internol ecul ar | evel, said poI yet hyI ene bei ng furt her
characterized kshrogiig oxidésomaining bataryrsem ®patticte foraspdigmerization process:

carbon atons.
30. A film according to claim 29 having a haze of no more than

10% wherein the polymer of the outer layers is selected from copolymers of
ethylene and | 1-hexene havmg a density of at least about 0.93 g/cc, wherein the
ﬂﬁélmess of each outer layer is in the range of about 5 to abouf 25 percent of

the total thickness of said film, and wherein if the polymer of ea_;:h .of thie outer
layers was formed into a one mil film the films would each have a lower haze
than a one mil ﬁlm produced from the polymef of the inher layer under the

same conditions. |

| 31. A film according to claim 2 wherein the polyethylene is prepared
by poiymerizing ethylene and hexeqé in fhe pfesence of an alkane liquid diluent |
under slurry polymériiaﬁon conditions'uéing a éatalyst consisting essentially of
the solid catalyst prepared by (a) combining 5-(9-fluorenyl)-5-
(cyclopentadienyl)-hexene-1 zirconium diéhlo_ride and methylahiminoxane ina
liquid, (b) prepolymerizing ethyléne in the résulting liquid, and (c) separating |

the resulting solid prepolymerized catalyst system form the liquid.
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33. Afil di | ai m 32 wherein the pol yeth -
B?anéhe‘ls. m according to claim erein the polye #621'6‘.%8098?? fgﬁoo
AVENDED SHEET 33330WO IPEA/US 1-3 MAR 1997
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32. Alow haze s’elf-supportiné film wherein the polymer
consists essentially of polyethylene, optionally containing a fluoroelastomer,
said polyethylene havirig a density of at leasﬂt about 0.93 g/cc, a MWD of no

. more than 4, and ethyl branches which are uniforml& distributed at the
intermolecular level, said l;olyethylene being further characterized by being
: substantially free of branches having 6 or more carbon atoms.
.33. A film -ac;ﬁordihg to claim 32 wherein the polyethylene aléo

has butyl branches.

| N A \!Il
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