POLYETHYLENE FI LM HAVI NG | MPROVED BARRI ER PROPERTI ES AND METHODS OF MAKI NG
SAME [0001] The present disclosure relates to polyethylene (PE) resin. Mre
speci fi cavbypioidess2pr esent di scl osure rel ates to net hods poi/useepanisog

pol ymeri zation catal ysts that produce PE resin, the PE resin produced
thereby and their applications. BACKGROUND [ 0002] Pol yolefins are plastic
materials useful for nmaking a wide variety of valued products due to their
conbi nati on of stiffness ductility, barrier properties, tenperature
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density of greater than 0.960 g/cc, a
resistance, optical properties, ava11ab111ty, and low cost. One of the most valued products is

plastic films. In particular, PE is the one of the largest volume polymers consumed in the
world. It is a versatile polymer that offers high performance relative to other polymers and
alternative materials such as glass, metal or paper. Plastic films such as PE films are mostly
used in packaging applications but they also find utility in the agricultural, medical and
engineering fields.

[0003] PE films are manufactured in a variety of grades that are usually differentiated by
the polymer density such that PE films can be designated for example, low density
polyethylene (LDPE), linear low density polyethylene (LLDPE), medium density
polyethylene (MDPE), and high density polyethylene (HDPE), wherein each density range
has a unique combination of properties making it suitable for a particular application.

[0004] Despite the many positive attributes of PE, the film product remains permeable to
gases such as oxygen or carbon dioxide and/or moisture (e.g., water). Thus, it would be

desirable to develop a PE film product exhibiting improved barrier properties



melt index of from1.3 g/10 mn. to 2.8 g/10 mn., a zero shear viscosity

of fromlx 104 Pa*s to 1 x 105 Pa*s, a recoverable shear paraneter of from

220 to 3P 2a1d9882CY- a paraneter of from 0.155 to 0. 200 PCrABRE)/0#dI58%

di scl osed herein is a polyneric resin having an initial tension defined by

the equation I T>-1.67*(M)+b where b hs 5.17 and a percent decrease in the

extrusion pressure of the resin of 30% when conpared to pol ynmer resin of

simlar nmelt index prepared with aggg t that has not undergone an

activation conprising an oxidation, reduction, oxidation sequence wherein
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[0007] Further disclosed herein is a method comprising (a) providing a catalyst comprising

chromium and a support having a pore volume of from 1.7 ml/g to 3.5 ml/g and a surface area
of from 450 mz/g to 700 m*/ g, (b) oxidizing the catalyst at a temperature of from 500 °C to 900
°C for a period of time from 1 hour to 12 hours in an oxidizing atmosphere comprising from 5
mol.% to 100 mol.% oxygen to form an oxidized catalyst, (c) reducing the oxidized catalyst at a
temperature of from 700 °C to 900 °C for a period of time of from 1 hour to 12 hours in a
reducing atmosphere comprising from 5 mol.% to 100 mol.% carbon dioxide to form an
oxidized reduced catalyst, (d) oxidizing the oxidized reduced catalyst at a temperature of from
500 °C to 900 °C for a period of time of from 1 hour to 10 hours in an oxidizing atmosphere
comprising from 5 mol.% to 100 mol.% oxygen to form an activated catalyst, (€) contacting the
activated catalyst with an olefin under conditions suitable to form a polyolefin, and (f)
recovering the polyolefin, wherein the polyolefin has a density of greater than 0.960 g/cc and a

melt index of from 1.3 g/10 min. to 2.8 g/10 min.



of from450 n2/g to 700 nR/g, (b) oxidizing the catalyst to form an

oxi di zed catalyst, (c) reducing the oxidized catalyst to form an oxidi zed
reduced cwvabyaogs2¢d) oxi di zi ng the oxidi zed reduced catralryuseoo0d508 m an
activated catalyst, (e) contacting the activated catalyst with an olefin
under conditions suitable to forma pglyolefm and (f) recovering the

pol yolef n, wherein the polyolefin has a density of greater than 0.960 g/cc
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al um nophosphat es, .magnesi zirconia, silicg-zircania, a&u i_na- zi r.coni a,
ceria,  COPMLIDPTBARET Bage toiagy f peolel spd L ehaern be pREPESR. Wi
enbodi nment , t(ge support .conprises sjilica which is present in an amount of
great er e Bt GIEnS OF BhgRtey g o 10 agyelt ipdex| of fgomgh$ &/dP mipdo
support,_alternatively greater than 80 w.% alternatively greater than 90
wt. % al+efldfMi%ely greater than 95, 96, 97, 98, 99, 99.5 or 99.8 wt.% In
an alternative enbodi ment the su E{ort co(ggurpi ses silica-titania which is
present in an amount of greatBFTALER BESGRIPIHINper cent (wt. %
silica-titania by total weight of the support, alternatively greater than
80 wt . % (0899 er nBisFloEsdyhgreinare catelyglrcogpositions, podyrhes cappPs/eng, apdangteedsiohan 95,
96, 97, 98, 99, 99.5 or 99.8 wt.% The support may include additional
conponenmakipghand ingnsmeadyansaibpdigiene e qakdysteanapogision sgmprses a supported

chromium compound. The catalyst compositions of this disclosure may function as

polymerization catalysts that produce polymers (e.g., PE) exhibiting desirable barrier and/or

processing characteristics. Such catalyst and polymer compositions are described in detail

herein.

[0010] In an embodiment, the catalyst composition comprises a support. The support may

primarily include an inorganic oxide such as silica, silica-titania, alumina-titania,

aluminophosphates, magnesia, zirconia, silica-zirconia, alumina-zirconia, ceria, ceria-zirconia,

clay, zeolites, or combinations thereof. In an embodiment, the support comprises silica which

is present in an amount of greater than 50 weight percent (wt.%) silica by total weight of the

support, alternatively greater than 80 wt.%, alternatively greater than 90 wt.%, alternatively

greater than 95, 96, 97, 98, 99, 99.5 or 99.8 wt.%. In an alterative embodiment the support

comprises silica-titania which is present in an amount of greater than 50 weight percent (wt.%)

silica-titania by total weight of the support, alternatively greater than 80 wt.%, alternatively



such as zirconia, alumna, boria, thoria, magnesia, or mxtures thereof.
[ 0011] The support may be further characterized by a surface area and pore
vol une efwecbinmmosg2e6 provi de for an active catal yst. ThepPsunfsacie/oarses of the
support may range from 400 square neters per gram (n2/g) to 1,000 n®/g,
alternatively from450 n2/g to 700 n2/,g, or from480 n2/g to 600 n2/g. The
pore vol une of the support may range from1l.7 mliliters per gram(nL/g) to
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trioxide, chromumacetate, chromumnitrate, or conbinations thereof.
Exanpl esFuthen - ypRarbmay baye sl averee priclersien mpbe rige of gbmdermee P&k, but y|
chromate, a diarene chrom um (0) conpound, biscyclopentadienyl
chr omi undltermptivedshfromi20 e to1250 a0 sdryffoacdt onad BS0 jai. conbi nati ons thereof. The
chrom um cont ai ni ng conmpound nmay be a chromium (11) conpound, chrom um
(') colprind, Tie subp@nielyn silida) maP BP Pretsht irdthe catalyst system in amounts of from
50 wt.% to 99 wt.% support by weight of the catalyst system, alternatively from 75 wt.% to 99
wt.%, altemnatively from 80 wt.% to 95 wt.%, altematively from 85 wt.% to 95 wt.%,
alternatively from 90 wt.% to 95 wt.%. Herein the percentage of support refers to the final
weight percent of support associated with the catalyst by total weight of the catalyst after all
processing steps.
[0013] In an embodiment, the catalyst composition comprises chromium. Chromium may
be introduced to the catalyst composition via contacting one or more of the other components
of the!lcatalyst system (e.g., the silica support) with a chromium-containing compound. The
chromium-containing compound may comprise a water-soluble chromium compound or a
hydrocarbon-soluble chromium compound. Examples of water-soluble chromium compounds
include chromium trioxide, chromium acetate, chromium nitrate, or combinations thereof.

Examples of hydrocarbon-soluble chromium compounds include tertiary butyl chromate, a

diarene chromium (0) compound, biscyclopentadienyl chromium(II), chromium I



conbi nati ons thereof. Suitable chromum (I11) conpounds include, but are
not limted to, chrom um carboxyl ates, chrom um napht henates, chrom um
hal i des, wbnromvuss2pyrrolides, chrom um benzoates, chronPUmui2@OALESS
chrom umnitrates, chrom umsulfates, or conbinations thereof. Specific
chrom um (111) conpounds include, but sare not limted to, chromum(Il1l)
i sooctanoate, chromum (111) 2,2,6,6-tetranet hyl hept anedi onate, chrom um
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Pi bonded chrom um conpl exes are descrl bed in U S Pat. No. 3,976, 632,
which i SCIF‘HE’BP’F(HF)a?P@a‘ebi}ﬂqf@fl@r@ﬁdé‘f}ﬁéﬁahwmlwn|(H§ ngonetaneage, Lhomijm THe amount
of chrom um present in the catalyst conposition may range fromO0.01 wt.%to
10 wt . % @rpEntiupmiyn (H) grifate fehronbun (118 getate; chyoosin i(BH, beatdater nlabimgh y f r om
0.2 wt.%to 1.5 wt.%chromium alternatively from0.5 wt.%to 1.1 m.%
chr om urﬁlll}m@ilcﬁp(q)h@romlum (IIT) perchlorate, chromium (III) chlorate, or combinations thereof,

Suitable chromium (II) compounds include, but are not limited to, chromous fluoride

b

chromous chloride, chromous bromide, chromous iodide, chromium (II) bis(2-ethylhexanoate),
chromium (II) acetate, chromium (II) butyrate, chromium (II) neopentanoate, chromium In
laurate, chromium (II) stearate, chromium (II) oxalate, chromium (II) benzoate, chromium n
pyrrolide(s), chromous sulfate, or combinations thereof. Examples of other suitable chromium-
containing compounds include tertiary butyl chromate in a hydrocarbon liquid; chromium
trioxide in water or acetonitrile; chromium acetate in water; chromium nitrate in alcohol;
zerovalent organochromium compounds such as pi bonded chromium complexes, for example,
dicumene chromium and dibenzene chromium in a hydrocarbon; or combinations thereof, Pi

bonded chromium complexes are described in U.S. Pat. No. 3,976,632, which is incorporated

by reference herein in its entirety.



percentage chromumrefers to the final weight percent chrom um associ at ed
with the catal yst conposition by total weight of the catal yst conposition
af ter al Iwprooewss2ang steps. [0015] I n an enbodi nent, thectatsaéiysvos0s
conposition conprises titanium Titanium my be introduced to the catal yst
conposition via contacting one or norg of the other conponents of the
catal yst system(e.g., the silica support before and/or after contacting
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conmplex, ti tan et.gnat e titaniu e and caonbi nati ons thereof.
Such corﬁ%’@ﬂ% 3 L‘x%‘g i N=06) thcﬁ"‘gogmf‘gfg%faali)@fo‘ﬁyn%ﬂf’ﬁsabl e technique to
provi de rcetagetltanl mof fromO w.%to Y% tifanjum
aI t er nat 9/%? epbpgimpt 31@70693!%6/8%&05%% ﬁ?m%HSF%P%!PP\/eT’WPPb‘HM M. %t o
wt . % Herel the percentage. titaniumrefers to the final weig

per cent d@%odelmdatﬁ.thﬁﬁﬁé%%%&?rawawwqunﬁ@t%?r&l g porg, of thtoer m@w@m@fof t he
catal yst after all processing steps. [0016] The chrom um cont ai ni ng support
may be phepAtEd SKem (e ot isiige SURPRT SRTOEmESHE Aften GrgtasGenBith dheahePmiusuppor t |
both of the types described previously herein. In an enbodi ment, the
support (©BREIg sorayedr vath| § t@anidmicppiainggdcarrouptr odtermatevshn aﬁhmnngmsupport
may be prepared by contacting a chrom um containing conpound and silica to
form a Gonginingcesppynkand titgniypreeianing shopeure may betve-intrrdupsdumtistatadiishi ng
support may be prepared by contacting a chrom um contai ni ng conmpound and a
support wooppsiiien by «intacteg Mithapme ot gndrorofi teGrthgi bomapontnts aofi the saapystt . 1 n
yet anot her enbodi nent, the support conprises silica and the

composition (e.g., the support such as silica). The titanium-containing compound may

comprise a water-soluble titanium compound or a hydrocarbon-soluble titanium compound.
Nonlimiting examples of suitable Ti-containing compounds include TiOSQ,, titanium
tetraisopropoxide, TiCls, TiCls, Ti(SOs)s, titanium peroxo complex, titanyl acetylacetonate
titanium oxylate and combinations thereof. Such compounds may be contacted with a support
by any suitable technique to provide a percentage titanium of from 0 wt.% to 8 wt.% titanium,
alternatively from 1 wt.% to 7 wt.% titanium, alternatively from 2 wt.% to 5 wt.%. Herein the
percentage titanium refers to the final weight percentage titanium associated with the catalyst
by total weight of the catalyst after all processing steps.

[0016] The chromium-containing support may be prepared by contacting a chromium-
containing compdund and a support, both of the types described previously herein. In an
embodiment, the support consists essentially of silica and the chromium-containing support

may be prepared by contacting a chromium-containing compound and silica to form a Cr-silica



catal yst precursor is prepared by contacting a chrom um containi ng
conpound, a titanium containing conpound and the silica to forma
Cr/ Ti-silwoaosupepsart . | n anot her enbodi ment the silica aod/tsadoohrsesi a, or
the silica and chroma and titania are nade by cogellation or
coprecipitation. [0017] The chrom um gontai ni ng conpound and support may be
contacted using any suitabl e nethodol ogy. Exanpl es of suitable contacting
techniq ncl i 1L tat | i on- [ .Nci pi tness, pore
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Fr o 80 0tIA B BRI Cb e g B0 GG FROUEHHAF F819 by fieggflation or co-
alternatively from0.2 min to 5 hours, alternatively from30 mn to 1 hour.
[0019] IMT*ERIBENEr enbodi ment, a nethod of preparing a catal yst precursor
conprises contacting the support wth a titani umcontaining conpound and a
chr omi un98Hit ai FiengreBiTyeriteniae compeudnidasupaeit dnay; be cantackb ugipgheRGt | ng of
the support with the titanium containing conpound and chrom um contai ni ng
conmpoundUifehje pthedolpgt afreripies of|suigablpaganipeting ehniqyas inelude oyitheyt liseitagier r i ed
out sequentially (e.g., Ti followed by O or vice-versa). The
ti t ani unPeerhangsi weireahyetess pardils ausehvimpeagnationneraenic sntysotimpremmgtidse of t he
types previously described herein and may be introduced to the support
usi ng t heelt gpatmet trgeltieg hhy quismgalos gopbingtians shereafes ¥hé esdlting rreaterial The
netallated silica my be dried to renove

designated a Cr-support. Hereinafter, unless otherwise indicated, the disclosure will focus on

the use of a Cr-support which may refer to a Cr-silica support, a Cr/Ti-silica support, a
Cr/silica-titania support or combinations thereof.

[0018] In some embodiments, following contacting of the components (i.e., chromium-
containing compound and support), the Cr-support may be washed and/or dried to remove any
solvent used during impregnation of the metal. The drying may be carried out in a temperature
range of from 25°C to 300°C, alternatively from 50°C to 200°C, altemaﬁvely from 80°C to
150°C and for a time of from 0.1 min to 10 hours, alternatively from 0.2 min to 5 hours,
alternatively from 30 min to 1 hour.

[0019] In another embodiment, a method of preparing a catalyst precursor comprises
contacting the support with a titanium-containing compound and a chromium-containing
compound to form a metallated silica. The contacting of the support with the titanium

containing compound and chromium-containing compound may be simultaneous; alternatively



solvent at tenperatures ranging from 25C to 3000C, alternatively from 500C
to 2000C, alternatively from8QC to 1500C and for a tinme of fromO0.1 mn
to 10 houwe,2oslmses2nati vely from0.2 mn to 5 hours, altecmatseeelogoshs om 30
mn to 1 hour. [0020] In an enbodi nent, the catalyst precursor (i.e.,
Cr-support) is activated to produce agcatalyst. In an enbodi nent, a nethod
of activating the catalyst precursor conprises heating the catal yst
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period of tine of fron11,h?ur tqg 12 hours, or alternatively from2 hours to
6 hour s, O-pMiyPOdoHEL FlFERYY ¥3WW?0WBHF%1£%“4 hours. The resulting materia

is termed an oxidized catal yst precursor. [0021] The. nethod of activation
of a cat@M3Mt phnersmbadiment, theecatalysPTaassor (I5e ¢ THIEPROTH isrAglivates omErdugormr i se
heating the oxidi zed catal yst precursor to a tenperature in the range of
from 500@@htsb [0epewmbodimeny] 2 methad plastiyating ghe cabe@reyrs9poBmriset hegtingtheat i vel y
from 8000C to 9000C. Heating of the oxidized catal yst precursor may be
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wi t h an T09&C tto §e’C, Bx altgmhatizely firann 804°Cota W8 °( Ulareitdfier fler temperaiure hy e

di scl osure include nitrogen, helium and carbon dioxide. The oxidized

cat al ystinpessedibg osingreny shtighie techrsquisj dic treembaliment, the temperature may be ramped

at a rate of from 0.1 degC/min to 10 degC/min, alternatively from 1 degC/min to 5 degC/min,
alternatively from 2 degC/min to 4 degC/min. Heating of the catalyst precursor may be carried
out in an oxidizing atmosphere. The oxidizing atmosphere may comprise oxygen, air, or
combinations thereof. In an embodiment, the oxidizing atmosphere contains oxygen in an
amount of from 5 mole % (mol.%) to 100 mol.%, altematively from 10 mol.% to 50 mol.%, or
alternatively from 15 mol.% to 25 mol.%. The catalyst precursor may be subjected to heating
in an oxidizing atmosphere as described for a period of time of from 1 hour to 12 hours, or
alternatively from 2 hours to 6 hours, or alternatively from 2 hours to 4 hours. The resulting
material is termed an oxidized catalyst precursor.

[0021] The method of activation of a catalyst precursor of the type described herein may
further comprise heating the oxidized catalyst precursor to a temperature in the range of from

500°C to 900°C, or alternatively from 700°C to 900°C, or alternatively from 800°C to 900°C.



a reducing gas such as for exanple carbon nonoxide. In an enbodi nent, the
reduci ng gas contai ns carbon nonoxide in a range of from5 nol%to 100

nol % al tworatooged2y from5 nol %to 50 nol % or alternat iPeglug2010000589 nol %
to 25 nol % The reducing gas nmay be contacted with the oxidi zed catal yst
precursor for a period of tinme of frogp 1l hour to 12 hours, or alternatively
from2 hours to 6 hours, or alternatively from2 hours to 4 hours.
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pol ymeri zation of nononers (e.g., alpha-ol efns) to produce a _polymeric
mat er i al Vithe thg. OXI‘PE’F CaF?BYSt é’keéHﬁPrefora? petod] 9fstime of feored hoyr dedérhioyed oher ei n
may function as a meri zation catal yst which may contain at |east a
porti on Bermatieht fwlal 2 éwr@m rhogs, o pkaratively sy hppsHp righeuss. p&ollawing ed by

theory, the polynerization catalyst mayhave the netals (i.e. C(Vl))
under go Joataet Wtsgu awfediring e direresyliing) mateginh atenhesk o pxidigedreadueedt entadisval ent
chromum Cr(I1) which may serve as the active site for polynerization of an
al pha olmedursor.Her ei nafter catal ysts prepared as described herein are terned
oxi di zed reduced oxi di zed catal ysts (ORCCs).

[0022] The method of activation of a catalyst precursor of the type described herein may

further comprise oxidizing the oxidized reduced catalyst precursor to form a catalyst. The
oxidized-reduced catalyst precursor may be heated at a temperature in the range of from 500°C
to 900°C, or alternatively from 500°C to 800°C, or alternatively from 550°C to 750°C. Heating
of the oxidized reduced catalyst precursor may be carried out in an oxidizing atmosphere. The
oxidizing atmosphere may be of the type described previously herein having a mole percentage
oxygen in the ranges also previously described herein. The oxidized reduced catalyst precursor
may be subjected to an oxidizing atmosphere, for a period of time of from 1 hour to 10 hours,
or alternatively from 2 hours to 5 hours, or alternatively from 2 hours to 4 hours. The resultant
material is a catalyst that may function in the polymerization of monomers (e.g., alpha-olefins)
to produce a polymeric material (e.g., PE). For example, a catalyst prepared as described herein
may function as a polymerization catalyst which may contain at least a portion of the total

chromium as Cr(VI). Without wishing to be limited by theory, the polymerizatibn catalyst may



[ 0023] The pol ynerization catal ysts of the present disclosure (ORCCs) may
be suitable for various al pha ol efin polynerization nethods known in the
art, usinyovarwosse7t ypes of pol ynerization reactors. AsPaTas2010/0ei5n8

"pol ynmeri zation reactor” includes any polynerization reactor capable of

pol yneri zi ng al pha ol efin nmononers (e;@., ethylene) to produce honopol yners
or copolyners. Such honopol yners and copol yners are referred to as resins
or pol yngrs ri 0 Qr S | t t e
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stages in at | east two separate polymerization reactors interconnected by a
t r ansf erPOUENATIRENARIRACHSS: | 45 1564 BTN POlyMerizaiion &facion cingyfiss iy BOly@ERdafiohy fr om
the first polynerization reactor_into the second reactor. The desired

pol yner i B239ro faRaBl§ d Pt i ReahansTisingnalphe  plptn rmaramsrs (Bgy BRYIERDT & arieduEe om t he
operating conditions of the other reactors. Aternatively, polynerization
in mul t i PmMepPlxEIEISOF sonehmarh ctugh Bomerolyregisiand copeliaers aregefeped tpras resins @ one
reactor to subsequent reactors for continued polynerization. Miltiple

react or Rncsss Figyvanae tpks cdmsacioonibélinda thess that eaydieneferrésito agbatch,ishintyed t o,
multiple loop reactors, nultiple gas reactors, a conbination of |oop and
gas r eacsashasensdlutiop] bighipyésspreetbulne or evtotlavesreastors. cGasbphrat iraptosf mhy gh
pressure with | oop and/or gas reactors. The multiple reactors nmay be

oper at edcompriseefliidgedbed reagarsair Istiged horizontal reactors. Slurry reactors may comprise

vertical or horizontal loops. High pressure reactors may comprise autoclave or tubular reactors.
Reactor types can include batch or continuous processes. Continuous processes could use
intermittent or continuous product discharge. Processes may also include partial or full direct
recycle of un-reacted monomer, un-reacted comonomer, and/or diluent.

[0024] Polymerization reactor systems of the present disclosure may comprise one type of
reactor in a system or multiple reactors of the same or different type. Production of polymers in
multiple reactors may include several ‘stages in at least two separate polymerization reactors
interconnected by a transfer device making it possible to transfer the polymers resulting from
the first polymerization reactor into the second reactor. The desired polymerization conditions
in one of the reactors may be different from the operating conditions of the other reactors.
Alternatively, polymerization in multiple reactors may include the manual transfer of polymer

from one reactor to subsequent reactors for continued polymerization. Multiple reactor systems



[ 0025] According to one aspect of the disclosure, the polynerization
reactor systemnay conprise at |east one loop slurry reactor. Such reactors
may conprweeowamss2cal or horizontal | oops. Mononer, dil eemus2cabadsyst and
optionally any conmononer nmay be continuously fed to a | oop reactor where
pol ynmeri zation occurs. Generally, confj nuous processes nmay conprise the
continuous introduction of a nononer, a catalyst, and a diluent into a
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separation step including but not limited to, flashing that may include any combination of heat
addition and pressure reduction; separation by cyclonic action in either a cyclone or
hydrocyclone; or separation by centrifugation.
[0026] A Polymerization process (also known as the particle form proc.ess), is disclosed,
for example, in U.S. Patent Nos. 3,248,179, 4,501,885, 5,565,175, 5,575,979, 6,239,235,
6,262,191 and 6,833,415, each of which is incorporated by reference in its entirety herein.
[0027] Suitable diluents used in slurry polymerization include, but are not limited to, the
monomer being polymerized and hydrocarbons that are liquids under reaction conditions.
Examples of suitable diluents include, but are not limited to, hydrocarbons such as propane,

cyclohexane, isobutane, n-butane, n-pentane, isopentane, neopentane, and n-hexane. Some

loop polymerization reactions can occur under bulk conditions where no diluent is used. An



of the catal yst under polynerization conditions. A recycle stream may be
w thdrawn fromthe fluidized bed and recycl ed back into the reactor.

Si mul t anewo2b/09gs2ryner product may be wit hdrawn from t reTrisacmooosand new
or fresh nmononmer may be added to replace the pol ynerized nononer. Such gas
phase reactors nmay conprise a processjjor nulti-step gasphase

pol yneri zation of olefins, in which olefins are polynerized in the gaseous
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feeding a catal yst-containing polyner forned in a first polynerization zone

to a 530\915191i@%cXFE%Faite%iané/ir%re%&éﬁ?ereirgh‘%tste}{%tﬁf gas phase reactor is disclosed
in U S Patent Nos. 5,352,749, 4588, /90 and 5, 436, 304, each of which is
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Agitation may be enployed to obtain better tenperature control and to

mai nt ai nPUARE SPTREAAN § HEHiPLATMeRRALIRN 2PRE @ second polymerization zone. One type of

gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4588,790 and 5,436,304, each of
which is incorporated by reference in its entirety herein.

[0029] According to still another aspect of the disclosure, a high pressure polymerization
reactor may comprise a tubular reactor or an autoclave reactor. Tubular reactors may have
several zones where fresh monomer, initiators, or catalysts are added. Monomer may be
entrained in an inert gaseous stream and introduced at one zone of the reactor. Initiators,
catalysts, and/or catalyst components may be entrained in a gaseous stream and introduced at
another zone of the reactor. The gas streams may be intermixed for polymerization. Heat and
pressure may be employed appropriately to obtain optimal polymerization reaction conditions.
[0030] According to yet another aspect of the disclosure, the polymerization reactor may
comprise a solution polymerization reactor wherein the monomer is contacted with the catalyst

composition by suitable stirring or other means. A carrier comprising an inert organic diluent



t hroughout the pol ynerization zone. Adequate neans are utilized for

di ssipating the exotherm c heat of polynerization. These reactors are known
in the arwo 2p00B8427Pol yneri zation reactors suitabl e for PChaSpriesesns

di scl osure may further conprise any conbi nation of at |east one raw
material feed system at |east one fepd systemfor catal yst or catalyst
conponents, and/or at |east one polyner recovery system Suitable reactor
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loadout, laboratory analysis, and process control.

[0032] Conditions that are controlled for polymerization efficiency and to provide resin

properties include temperature, pressure and the concentrations of various reactants.

Polymerization temperature can affect catalyst productivity, polymer molecular weight and

molecular weight distribution. Suitable polymerization temperature may be any temperature

below the de-polymerization temperature according to the Gibbs Free energy equation.

Typically this includes from 60°C to 280°C, for example, and from 70°C to 110°C, depending

upon the type of polymerization reactor.

[0033] Suitable pressures will also vary according to the reactor and polymerization type.

The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000 psig.

Pressure for gas phase polymerization is usually at 200 — 500 psig. High pressure

polymerization in tubular or autoclave reactors is generally run at 20,000 to 75,000 psig.



t hroughout the pol ynerization process. The organic nediummay, e.g., be a
paraffin, a cycloparaffin, or an aromatic. For the production of ethylene
pol yner s,wolre1osl9ss2ry pol yneri zati on process nay be carr iP€d/Usat10i0p0sas8
reaction zone at a tenperature of from500C to H OOC and at a pressure in
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of the catalyst are relatively high. As used herein, the activity refers to the grams of polymer

produced per gram of solid catalyst charged per hour, and the productivity refers to the grams
of polymer produced per gram of solid catalyst charged.

[0035] The concentration of various reactants can be controlled to produce resins with
certain physical and mechanical properties. The proposed end-use product that will be formed
by the resin and the method of forming that product determines the desired resin properties.
Mechanical properties include tensile, flexural, impact, creep, stress relaxation and hardness
tests. Physical properties include density, molecular weight, molecular weight distribution,
melting temperature, glass transition temperature, temperature melt of crystallization, density,
stereoregularity, resistance to crack growth, long chain branching and rheological
measurements.

[0036] The concentrations of monomer, co-monomer, hydrogen, co-catalyst, modifiers,

and electron donors help produce these resin properties. Comonomer is used to control product



provi de better processing during manufacturing and for desired properties
in the end product. Additives include surface nodifiers such as slip
agents, awoi2bloaoks7 tackifiers; antioxidants such as priPcams2@edoesesondary
anti oxi dants; pignments; processing aids such as waxes/oils and

fluoroel astoners; and special additivgs such as fire retardants, antistats,
scavengers absorbers, odor enhancers, and degradation agents. [0038] In an
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alternatively from270 tg 330. A quantitative neasurenment of the

r heol ogi %48F € TF@r@Wé@?agﬁﬁﬁdgqﬁ?lous pol ymer resins is the estimation of

the RSP. Recoverable shear strain for a rubberlike material is defined by
Equat i On[Ot)w: In an embodiment, an OROC 1s used in the polymerization of alpha-olefins.

Alternatively, an OROC may be used in the polymerization of ethylene to polyethylene.
Polymers such as polyethylene homopolymers may be produced in the manner described
previously herein.

[0039] In an embodiment, a polymeric composition (e.g., polyethylene) produced using an
OROC is characterized by a density equal to or greater than 0.960 grams per cubic centimeter
(g/cc), alternatively equal to or greater than 0.962 g/cc, or alternatively equal to or greater than
0.963 g/cc.

[0040] In an embodiment, a polymer composition (e.g., polyethylene) produced using an
OROC has a melt index, MI, in the range of from 1.3 grams per 10 minutes (g/10 min) to 2.8
2/10 min, alternatively from 1.5 g/10 min to 2.5 g/10 min, or alternatively from 1.7 g/10 min to
2.2 g/10 min. The melt index (MI) refers to the amount of a polymer which can be forced
through an extrusion rheometer orifice of 0.0825 inch diameter when subjected to a force of

2160 grams in ten minutes at 190°C, as determined in accordance with ASTM D 1238.



RSP = - (1) where N1 is the first normal stress difference and t is the
shear stress. Details of the significance and interpretation of Equation
(1) may beoforwmdss2n: J . M Dealy, K F. Wssbrun, Ml t PREASagpo@Eng its
Role in Plastics Processing: Theory and Applications , Van Nostrand

Rei nhol d, New York, (1990), which is jgqicorporated by reference herein in
its entirety. At |low frequencies, the recoverabl e shear can be approxi nat ed

by Equatm@n](Z)m amlﬁdﬁlen[ SRS c3m %&%&J %t' 1y9a19fen9fpr5&1eeaiw@gm§ shear

nmodul us whilfe \'h *| and M/represent t he magnitu es of t'he correspondi ng

conpl ex yREEASE fayRécusérme QR ot P Lrﬁét?@g@pz NEWLCAGYe of pgmeﬁo' $6e32%;

Applylng thls approxi mation I n the ncy range (for exanple, w =

0.03 s H{Qfsﬁf) Iscf&ea%of &rauemnewﬁarﬂg% {o%: OaArﬂei\%htﬁaan}Eeaﬁrcr‘?mgrﬁ hpes

presented |n "t osure are obtaine escr above u3|ng Equatlon

(2) andth@ I eOTBgliC%i mffe%jlcpsyal?lo % pOfl}qgéT 681RJ lslﬁ’lene 1Ln9194lg]o

enbodi nent yner conp05| yethy produftg u3|ng an

ORCC ha e o | ange of from 0. 155
to O. ZOSR&O g}en%??r§gﬁlﬂq$rr @%ﬁéﬂ%&sf%eﬁby}zgﬁ rgg) ively fromO0.165 to
0.185. The Carreau Yasuda a' paraneter (CY-a) is deflned as the

r heol ogi cal breath paranetergsmh ogical breadthrefers to the breagth of
the transition region between Newroni an and power-|aw type shear rate for a
pol ymer or the frequency dependence of the viscosity of the polyner. The

r heol ogi wladre bY eadhd firg mrheanstessodiffefentehand el sxthe ishear tsires. dildtailstnftthon of a
polymer resin, which in turn is a function of the resin nolecular structure

or ar chidigéfiddh@. and igterlpétaiop df BERAtOh (1VBayds: fobiideinh eV biyeay KU MR, Wissbhg,
Cox-Merz rule and calculated by fitting flow curves generated in

| i near - Vifsig @BéAsdy £id AyNRSTE Gn pwzdsl%&wn{]rmu@%w APMEERIAX PRI NBHahd W th a
nodi fi ed Carreau-Yasuda (CY) nodel, which is represented by Equation (3):

where  Reinhold, New York, (1990), which is incorporated by reference herein in its entirety. At low
frequencies, the recoverable shear can be approximated by Equation (2):

G!

RSP =~
-|n*

)

where G' represents the elastic part of the dynamic shear modulus while |77 *| and o represent

the magnitudes of the corresponding complex viscosity (using Cox-Merz rule) and frequency,
respectively. Applying this approximation in the low frequency range (for example, @ = 0.03
s), the RSP values for can obtained for a resin. The RSP values presented in this disclosure
are obtained as described above using Equation (2), and are multiplied by a constant factor of
1000.

[0042] In an embodiment, a polymer composition (e.g., polyethylene) produced using an
OROC has a Carreau Yasuda ‘a’ parameter, CY-a, in the range of from 0.155 to 0.200,
alternatively from 0.160 to 0.190, or alternatively from 0.165 to 0.185. The Carreau Yasuda

‘a’ parameter (CY-a) is defined as the rheological breath parameter. Rheological breadth



E =viscosity (Pa-s) g = shear rate (1/s) a =rheol ogi cal breadth paraneter T
= relaxation time (s) [describes the location in time of the transition
regi on] BYO=20mamMes23hear viscosity (Pa-s) [defines the Neatrarsc@o/oplsag eau] n
=power |aw constant [defines the final slope of the high shear rate region]
[0043] To facilitate nodel fitting, t{we power |aw constant nis held at a
constant value. Details of the significance and interpretation of the CY

nodel  andfedeol (& BreRdth JTREEL i SnsiRY 1B oxfl 8Lider Newfoniah- anh"p%%f 1a8Ng pkishdar
Chi ang, Rheol. Acta, 28, 321 (1989); CA. Hieber and H 'H Chiang, Polym

Eng. SClrate3Rr a98dlytad982) e ABGLeRey Bepeﬁﬂérfée oR-thCvistb it 1008 Q ldgsseger,

Dynam cs of Polyneric Liquids, Volunme 1, Fluid Mechanics, Edi tion, John
Wliey & é@&ggléalg&zam 1§@mcg$n 6 RotdsS b6 BR&%G& 5a & %ﬁi %ﬁ‘ PRESI N TN
its entirety. In an enbodi ment, a pol yner corrp03| e.g.,

pol yet hyl,eqg)s %ﬁ&}bﬁ%@tﬁé{e{lﬂnﬁ)ﬁbcma& a%éhﬁt‘é?c %8;?1%%&&(5

defined by Equation (3), in the range of fromlx pasca second a s) to

|10 M BRI NERY (R AR MRS b’?%#m ok iches fhemteain, |
refers tlﬂlg&b\ﬂsc\&ﬁ&f&s 'dﬁ(}an%t $Jéﬂ1a yl%%}ﬁ:br?c COPRX e)t(}!eﬁg'le%{s %ltﬁe g ey ! ate
no C

and is indicative of e materla ol ar ure or pol ymer

melts, Bl Rtey ﬁoﬁ%l?\%htct(#rg%rg{)e}xféab?mlﬁﬁgaﬁiow(%)l ndi cator_of pr ocessi ng

attributes Such as rre ng ‘and foam technol ogi es and
bubbl e stability in filmblow ng. The hjgher the zero shear viscosity, the
better is the nelt strength E)I’-Eb bl()fn’g ability. [0045] In an enbo(g ment ,
the initial tension (1T) of the’ resin satisfies Equation (43 | T
-1.67 M + b whje wherei n paraneter b is equal to 5.17, alternatively 5.42,
or alternati vetyisboshty (Pas)

y = shear rate (1/s)

a = rheological breadth parameter
T, = relaxation time (s) [describes the location in time of the transition region]

E, = zero shear viscosity (Pa-s) [defines the Newtonian plateau]
n =power law constant [defines the final slope of the high shear rate region]

[0043] To facilitate model fitting, the power law constant » is held at a constant value.
Details of the significance and interpretation of the CY model and derived parameters may be
found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hieber and H.H.
Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong and O. Hasseger,
Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley &
Sons (1987), each of which is incorporated by reference herein in its entirety.

[0044] In an embodiment, a polymer composition (e.g., polyethylene) produced using an

OROC has a zero shear viscosity (E_), defined by Equation (3), in the range of from 1x10*

pascal-second (Pa-s) to 1x10° Pas, alternatively from 1x10* Pa's to 8x10* Pas, or alternatively
from 2x10* Pa-s to 6x10* Pa's. The zero shear viscosity refers to the viscosity of the polymeric

composition at a zero shear rate and is indicative of the materials molecular structure. Further,



ITis the force required to elongate a polymer strand under specified flow
and draw rates. IT is a characterization of the resin extensibility by
measur i ngwohelofiessee associated with drawing a filament extrusdedoaisosa
constant flow rate through a standard nelt indexer. Mol ecul ar paraneters
that affect the IT test include nolecyd ar wei ght, nol ecul ar wei ght

di stribution, long chain branching, crosslinking, additives, and short

chai n brnhlimg méiR, thiLrodihss! R&BES, if biked & ubBASHESHrUT Gt @heMitriBates €|
coupled with a constant speed plunger, constant rate haul off barrels, and a

preci si anck as ﬁﬁlttsﬁr@ﬁgﬁﬁ%@%fo“t-ﬂoﬂﬁfg%fﬂ@ f38m! BEnbRERES & BHHBIE UabMinfiCRGRL € 2

nmelt filament to a known strain. The I T of the polyner resin neasured as

descri begloviReVend 1 gifer frd e sREh Qfsc&shﬁ M veptBd %Lﬂ%ﬁ%&%gﬂpor duB0 Claning) y mer

resins produced as disclosed herein my be ?or Into articles o

manuf actgg4s)0r @ng mdaﬁ&iﬁh@mmk&goﬁmm)%?%mer%m @leﬁeig%g P i ng

extrusi on, blow nolding, injection nolding, rspinning, t

and casqh_g. For exanple, a polymer resin may be extruded into a sheet,
which is then thernoformed into an end use article such as a container, a
cup, a tray, a pallet, apay., @«gysgmronent of another productm)ln an
enbodi nent the pol yner resins produced as described herein (e.g.;
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IT is measured using an MI barrel coupled with a constant speed plunger, constant rate haul-

off barrels, and a precision force transducer to determine the force required to elongate a melt

filament to a known strain. The IT of the polymer resin measured as described above is a

function of the MI and parameter b.

[0046] Polymer resins produced as disclosed herein may be formed into articles of

manufacture or end use articles using any technique suitable such as extrusion, blow molding,

injection molding, fiber spinning, thermoforming, and casting. For example, a polymer resin

may be extruded into a sheet, which is then thermoformed into an end use article such as a

container, a cup, a tray, a pallet, a toy, or a component of another product. In an embodiment

the polymer resins produced as described herein (e.g., polyethylene) may be formed into films

which can be useful in food packaging.



create what is known as a lay-flat tube of film This lay-flat or coll apsed
tube is then taken back down the extrusion tower via nore rollers. On

hi gher owpubiddosseg, the air inside the bubble is al so exthsrgedoos0is is
known as Internal Bubble Cooling (IBC). [0048] The lay-flat filmis then

ei ther kept as such or the edges of tfee lay-flat are slit off to produce
two flat filmsheets and wound up onto reels. Typically, the expansion

ratio b bU\@E n Cth%n%ﬂl@o@immn tﬁe%n%(r r«t;sln{srﬂfvmy hgclgﬁlréaé fhiicdtel V6 S e die

di anmet er e drawdown between the nelt wal hi ckness and the cooled film
t hi cknesmqa/ube hidqikedsire ALY @4 pI%@ﬁjceh @93hi 'skq{aeﬁlméihcrdeﬁd' lﬂlaér gquh;meeaS' l'y

controll ed by changi ng the volune of air |nS|de the bubbl e and by altering

the haul c0931t10§§)?% r&ﬂﬁtlt)ﬁ t)frﬁ fni OVIH‘EQ efnrb 019);155 'r&fhsgl;e %o%éd gl'toS(:l osure

(e.g.. polyethyl en any th ness he user.
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films having a hIC ness ternativel romoO.5
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Pr oducti on Scribe erelr n nay aC|
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polymeric resins e descri “herein en S he film
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enmbodi ne Mer res ns of e deserib ere niray extruded at a
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For exa ner resin roduc descrlbed her ei durln pJ ocessi ng
may di s[ﬁ) agk d%\‘in é‘?& ’ﬁ’%‘?‘BH t?)‘?’férs fmeTe ﬁ‘gltersi Ongighes oupyt E?es aﬁ’a‘f“ 1‘61%8 {‘%r eat er

t han 30% ternatiyvel u to or reater than 25% alternatively equal
to or grtelgsléﬂs atlT?a‘ﬁ‘Cliaé‘gg%ﬁHS @dﬁﬁ‘&?éﬂ %"%&“QWEIQP%%%&BE} simlar melt index

repared wth a catalyst that ha
prep [0048] The lay- ﬂ%/t ftilm 12 then eltier kept as such or the edges of the lay-flat are slit off

to produce two flat film sheets and wound up onto reels. Typically, the expansion ratio
between die and blown tube of film would be 1.5 to 4 times the die diameter. The drawdown
between the melt wall thickness and the cooled film thickness occurs in both radial and
longitudinal directions and is easily controlled by changing the volume of air inside the
bubble and by altering the haul off speed. The films formed from polymer resins of this
disclosure (e.g.. polyethylene) may be of any thickness desired by the user. Alternatively, the
polymer resins of this disclosure may be formed into films having a thickness of from 0.1
mils to 5 mils, alternatively from 0.5 mils to 3.0 mils, alternatively from 0.8 mils to 2.5 mils.

[0049] Production of films of the type described herein may be facilitated by the use of
polymeric resins prepared as described herein. For example, polymeric resins of the type
described herein when subjected to the film production process may display improved

processing characteristics. In an embodiment, polymer resins of the type described herein



under gone an activation conprising an oxidation, reduction, oxidation
sequence. Such conparative catal ysts nay be conventional catal yst systens
such as cwpaniounys2ased catal ysts or Ziegler Natta catal PeTaIS2010/000508

enbodi ment, the conparative catalyst is an otherw se simlar catalyst that
has undergone a conventional activatign sequence rather than an activation
sequence conprising an oxidation, reduction and oxidation. [0051]

qdi ti ! . ; ; oo
Addi ti Ongde@{r@&égqFQEécé%%&%ﬁ@rtﬁﬁ&? &qup‘f%hé];{b%h{ﬁgx%d% ﬂrﬂgrg%&angn bPsibiigr head

pressure from2%to ernatively mb5%to 2 ternatively
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i ndi catigps,of the | nproy rocessing characteristics of the polyner
resi ns ﬁ%gu%%Sgﬁmﬂﬁ?Fég§3%%H&¥he bubbl e stability during production of
bl own f | mpr.ovenen

i i n_hubbl e .st abi | i be, attributabl e
eor oasdl080h' CUER SHEMe, sthaHEe: fuf Bibiskd iy JBEPREL PR BB Eoeb g e
during the Ql own fil rocess described preyviousl erein.. Events.which
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(vertical, novenent t he neck as.@ funct.iagn of tine), dancing,(circular
rotati ori‘lltSIF‘a?‘f?g’? B‘ij"ﬁg;oe%fr%ﬁ%?f Wb%\%i %1%1“63}“??@3 ARl {{h 8T §feRE gﬁ‘f‘gg{"( gk’er}mvemsnt
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t hi ckness), and nmay al so resulf. in process in%errupti.ns that will, generally
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Bubble stability is a qualitative netric which my be rated on a scale of 1
to 5 whePBIPAREYS saialysts ey disd CHRMSBINaL (calIYSt systefrt sBeh A8 uemBUmsbastd bubbl e
stability. Polymer resins of the type disclosed herein may, during the
product i @klxsts ¥ Siggler iNate @fadystsay Iy 2pupphodimgngpihe  qoynparativ GatRlysBisngf | e

otherw se simlar resins prepared with a capalxst,that has not undergone an
acti vat i(glpprwﬁpqgm@r ﬁ@talaﬁ thatihga ppdprgone a conventional activation sequence rather than

an activation sequence comprising an oxidation, reduction and oxidation.

[0051] Additional improvements in processing may include a decrease in the head
pressure of from 2% to 30%, alternatively from 5% to 28%, alternatively from 10% to 25%;
and a decrease in the motor load of from 2% to 20%, alternatively from 4% to 17%,
alternatively from 5% to 15%. Herein the head pressure refers to the discharge pressure at
the end of the extruder while the motor load refers to horsepower draw of the extruder.

[0052] Further indications of the improved processing characteristics of the polymer
resins may be an increase in the bubble stability during production of blown film.
Improvement in bubble stability may be attributable to decreases in events or motions that
adversely affect the bubble formed during the blown film process described previously
herein. Events which lead to an unstable film bubble can be described as bubble breathing

(vertical movement of the neck as a function of time), dancing (circular rotation of the bubble



reducti on, oxidation sequence may have bubble stabilities rated from 4-5.
[0053] In an enbodi nment, filnms formed from PE conpositions of this

di scl osurworm/s®epl ay enhanced barrier properties. For pexarspdie/os@ogl fil nms
may di splay reduced noi sture vapor transm ssion rates (MVTR) and reduced
oxygen transm ssion rates (OTR). [005#] In an enbodiment, a nomnally
1.6-1.8 m!l thick blown film produced from pol yner resins of this
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vapor transmission rates (MVTR) and reduced oxygen transmission rates (OTR).

[0054] In an embodiment, a nominally 1.6-1.8 mil thick blown film produced from
polymer resins of this disclosure has a gage-normalized MVTR in the range of from 0.21
grams.mil per 100 square inch per day (g.mil/100 in*/day) to 0.33 g.mil/100 in%/day,
alternatively from 0.22 g.mil/100 inz/day to 0.29 g.mil/100 in® /day, or alternatively from 0.23
g.mil/100 in*/day to 0.27 g.mil/100 in%/day as measured in accordance with ASTM F 1249.
The MVTR measures passage of gaseous H,O through a barrier. The MVTR may also be
referred to as the water vapor transmission rate (WVTR). Typically, the MVTR is measured
in a special chamber, divided vertically by the substrate/barrier material. A dry atmosphere is
in one chamber, and a moist atmosphere is in the other. A 24-hour test is run to see how
much moisture passes through the substrate/barrier from the “wet” chamber to the “dry”
chamber under conditions which can specify any one of five combinations of temperature and

humidity in the “wet” chamber.



material, nitrogen sweeps the opposite side of the filmand transports the
transmtted oxygen nolecules to a coulonetric sensor. This value is
report ed WO 20100098323 ssi on rate. When this rate is multipplriusdolospodshe
average thickness of the material, the results are considered a
permeability rate. EXAMPLES [0056] Thg invention having been generally
descri bed, the foll owi ng exanples are given as particul ar enbodi nents of

the invepgbsspn angah em@,lsmeat Fifth srom&drffo%%e%elyﬁﬁdreaﬂlyamh@%&wsn&rﬁoé It is
understood that the exanples are given by way of illustration and are not
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I n enbodi nents, the polyner resins produced are u ed for
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permeability rate.
EXAMPLES
[0056] The invention having been generally described, the following examples are given as
particular embodiments of the invention and to demonstrate the practice and advantages
thereof. It is understood that the examples are given by way of illustration and are not intended
to limit the specification of the claims to follow in any manner. In embodiments, the polymer
resins produced are used for blown film applications with excellent barrier properties. In the
following examples, MVTR was measured in accordance with ASTM F-1249. A Mocon
Permatron machine (model W 3/31) is used and the measurements are made at the following
conditions: 37.8 °C and 90 % relative humidity. OTR was measured in accordance with

ASTM D-3985. A Mocon Ox-Trans machine (model 2/20) is used and the measurements are

made at the following conditions: 23 °C and 0 % relative humidity.



core layer that was 52% of the filmthickness and a LLDPE skin | ayer that
was 15% of the total filmthickness. EXAMPLE 1 [0058]

Chr om unfwOl20e98820ani a cat al yst was obtai ned from W R PGraiseoo/oens t he
name MAGNAPCRE 963 and activated in a 42-inch commercial activator via
three different procedures designatedh®(l), P(I1l), and P(I1I). P(lIl) and
P(11l) were activated using the procedures disclosed herein for the
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cat al yst ﬁﬁre then tested in a bench scale reactor to deternmine their

activit B@ Ymer properties, in particular the melt index potential.
Pol ymeri zati on runs were nade

EXAMPLE 1

[0058] Chromium/silica-titania catalyst was obtained from W.R. Grace under the name
MAGNAPORE 963 and activated in a 42-inch commercial activator via three different
procedures designated P(I), P(II), and P(III). P(II) and P(Ill) were activated using the
procedures disclosed herein for the formation of an OROC. Specifically, actigfation of the
catalyst using the P(II) procedure involved heating 450 lbs of the Cr/silica-titania catalyst by
rambing the temperature up at a rate of 2.6 degF/min. to 829°C (1525°F) in air over a period
of 8 hours and then holding the temperature at 829°C (1525°F) in air for 2 hours. The air was
then flushed out with nitrogen and the catalyst was first held in 10 mol% carbon monoxide in
nitrogen for 2 hours at 829°C (1525°F), and then held in nitrogen for 4 hours at 829°C
(1525°F). After lowering the temperature to 704°C (1300°F), the catalyst was treated in air for
3 hours. Activation of the catalyst using the P(IIl) procedure involved heating 450 Ibs of the

Cr/silica-titania catalyst by ramping the temperature up to 829°C (1525°F) in air over a period



ina?22Iliter steel reactor equipped with a marine stirrer rotating at 400
rpm The reactor was surrounded by a steel jacket containing boiling

met hanol wiDt2h102098%2Mnecti on to a steel condenser. The boiPCirrus2@oionisoof t he
met hanol was controlled by varying nitrogen pressure applied to the
condenser and jacket, which permttedyqrecise tenperature control to within
hal f a degree centigrade, with the help of electronic control instrunents.

[0061] Avrsmalls. FRDEMIyst Qa@eh Reld a§-§29©d’3 %@54‘1‘) VR Forh I'Btlrst I)@te? ﬂllléhglg%{ al yst
was first charged under nitrogen to the dry reactor. .2 I1ters of

| sobut ange Ait @ih BinWesh, HeRhERS AR ﬁQ& d §RE1 Phold6 8dresh A d
tenperatu?e 10§C Ethylengg“as ?ﬁéneadded tg thé rea@?%?hﬁgﬁggEQI%F fixed

Pressur & héindat @5% gﬁzgqF)V\QIdCtheﬂVﬁeﬁd Rhitbadd R 4douisng sbhe E%E%g”?\@{er The

stirring was allowed to continue for arotund one hour, and t ctivity was
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set pressure. [ 006 After the allofted trnme, the ethylene ow was st opped
and the tor I Lk d r r
ol yrer ooaer PO iERRLER B EbAEHALARARE I GRRE of N REIET, o
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then reno and wei
ﬂ%gk!}lsm%%eat 5d Cha 8%25 Bnalfﬁr gx%gé-r.abl el

produce
surrrrarlgllel%(te1 e ac he caPm?ysts pr oduce tivation

d dt t f the h d b
procecu AN e INELE FHOPRLLLES 21, BRI L o
di t dex ¢ t CY-
Gef | ped 15 PESE Pt %{‘lneqaaf%g%)twﬁ IR PLt dPlireftng Hoiscr gt Gedtiur oo
d I d d P II di ed cat I t t bl
o the dBPa et S foSPEammRpeL M SRR ns%ramta‘ﬁ?%% og. B Frob g
produced resin It was notable that P(I1)

) I de
whi ch wa¥r %Idre‘?/@f %ae%ﬂacget%avéwgféé’gﬁg a&s{ @I‘ Viibasopaactieniog sies! ondesered

resins mnt er _nmelt jndex
oaimg p%glt of the methanol was controlled by varying nitrogen pressure applied to the

condenser and jacket, which permitted precise temperature control to within half a degree
centigrade, with the help of electronic control instruments.

[0061] A small amount (0.05 to 0.12 grams normally) of the solid catalyst was first charged
under nitrogen to the dry reactor. Next, 1.2 liters of isobutane liquid was charged and the
reactor heated up to the desired temperature, 105°C. Ethylene was then added to the reactor to
equal a fixed pressure, e,g, 550 psig, which was maintained during the experiment. The stirring
was allowed to continue for around one hour, and the activity was noted by recording the flow
of ethylene into the reactor to maintain the set pressure.

[0062] After the allotted time, the ethylene flow was stopped and the reactor slowly
depressurized and opened to recover a granular polymer powder. In all cases the reactor was

clean with no indication of any wall scale, coating or other forms of fouling. The polymer



Table 1 Activity Activation Procedure gPE/g-h M (dg/mn) (kg/nol) PD CY-a
P(l), comparative 6156 1.09 140 10.0 0.1653 P(l11) 5284 10.1 85 8.7 0.1543
P(I'11) 6286 28100098€277.5 0.1946 EXAMPLE 2 [ 0065] The acti varat2aabalsyst s were
used in a comrercial |oop reactor of 18,000 gallon capacity with a reactor
tenperature of 1040C (2200F) to catalgsze et hyl ene pol ymeri zation. The
concentration of ethylene is 4 w%wth a residence tinme of 1 hour.
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produced resins with a higher melt index (MI). It was notable that P(IT) which was activated at

k.-
;-.

a lower re-oxidation temperature also produced resins with a higher melt index.

Table 1
Activity My
Activation Procedure  gPE/g-h MI (dg/min) (kg/mol) PDI CY-a
P(I), comparative 6156 1.09 140 10.0 0.1653
P(II) 5284 10.1 85 8.7 0.1543
P(III) 6285 3.0 96 7.5 0.1946
EXAMPLE 2

[0065] The activated catalysts were used in a commercial loop reactor of 18,000 gallon
capacity with a reactor temperature of 104°C (220°F) to catalyze ethylene polymerization. The
concentration of ethylene is 4 wt% with a residence time of 1 hour. Homopolymers were
obtained and tested for physical properties and film performance. S1 was a polyethylene resin
having a melt index (MI) of 2.0 dg/min while S2 was a polyethylene resin with a melt index
(MI) of 1.7 dg/min. Three other resins were also obtained and used to produce nominally 1.7
mil blown films whose performance was tested and are used as comparative resins. Cl1 was

produced from a high density polyethylene blown film resin, HiD 9659, with a melt index (MI)



g.m /100 | =good; dg/mn g/cc in2/day 5=poor Psi HP anps SI 2.0 0.9651 0. 26
3 1400 16 31.3 S2 1.7 0.9637 0.23 2 1570 17 32.8 O, conparative 1.0 0.9649
0.36 1 1880200/@8829 C4, conparative 1.0 0.9596 0.28 4 2@60/Us018/H0EG0ECS,
conparative 2.0 0.9590 0.25 5 1770 18 37.4 [0066] Resins SI and S2

exhi bited increased bubble stability shen conpared to the C4 and C5 resins
while the filnms displayed conparable barrier performance as indicated by

the MWTRM3 dififim; Eh waeyl%uéeb $rofd méﬁ&én@mgmwt@y&@ WW AR EraBURPhGHEARDI 11 Ly

than the SI or S2 resins, films produced using the Sl or 82 resins
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these filns woul ormance coO a co-extruded film
s, PLaEns fgs c%%dgarﬁafts%%” 4 e B s e e T r o w th ¢ e
pr oper seallng characterlstlcs for &h& %bnal use. In such cases,
co-extrusi on would be reqU|red anywa wever, even in such cases t he
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types and i nventor due to the &‘H;‘ I facture nonol ayer filns
. S 2 at st t hadlP amps

S1 2.0 0.9651 0.26

3 1400 16 31.3

S2 1.7 0.9637 0.23 2 1570 17 32.8

C1, comparative 1.0 0.9649 0.36 1 1890 19 36.9
C4, comparative 1.0 0.9596 0.28 4 2060 19 375
C5, comparative 2.0 0.9590 0.25 5 1770 18 374

[0066] Resins S1 and S2 exhibited increased bubble stability when compared to the C4 and
CS5 resins while the films displayed comparable barrier performance as indicated by the MVTR
values. Although the C1 resin displayed a higher bubble stability than the S1 or S2 resins,
films produced using the S1 or S2 resins displayed improved barrier performance as indicated
by the lower MVTR when compared to films produced using the C1 resin. Furthermore, the
processing characteristics of the S1 and S2 resins were improved when compared to the C1,
C4, or CS resins. Specifically during processing S1 and S2 resins were processed at lower head
pressures, lower motor loads, and lower full load currents. Therefore, the resins produced as
described herein (i.e. using an OROC) could allow a converter to run the resin as a monolayer
film and these films would display MVTR performance comparable to a co-extruded film that

combines, for example, a 2 MI with a 1 MI resin. In some commercial films, a sealing layer is



resorting to co-extruded filns that require nore care and effort during
processing to achieve the desired structure. The inproved processing

char act erwet2no9sd27t he pol yner resins produced as descr pb@ash@nmisosray

all ow a manufacturer to inprove manufacturing efficiency and positively

i npact manufacturing costs. EXAMPLE 34 0067] Polyner resins with different
M val ues, designated sanples SI-SI O were produced according to the
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Iam/consgﬁﬁi “%é#W?ﬂﬁf % Equation (3) was set to 0.1818. Table 3
EXAMPLE 3

[0067] Polymer resins with different MI values, designated samples S1-S10, were
produced according to the methods disclosed herein and tested for their properties and film
performance. Comparative resins were also rested for their properties and film performance.
Specifically, C1 was produced from high density polyethylene blown film resin HiD 9659 with
a melt index (MI) of 0.99 dg/min; C2 was produced from high density polyethylene blown film
resin HiD 9659 with a melt index (MI) of 1.02 dg/min; C3 was produced from high density
polyethylene blown film resin HiD 9659 with a melt index (MI) of 1.06 dg/min; C4 was
produced from high density polyethylene MMW film ALATHON M6210 with a melt index
(MI) of 1.00 dg/min; and C5 was produced from high density polyethylene MMW film
ALATHON M6020 with a melt index (MI) of 2.00 dg/min. Table 3 summarizes the values of
M1, HLM], ratio of HLMI/MI, density, MVTR, and OTR determined for these resins and films

produced from these resins.



RESSINM HLM HLM/M Density MTR OTR dg/m n dg/mn g/cc g.m /100 in2/day
cnB/ 100 in2/day SI 1.97 107.83 54.74 0.9651 0.27 129.00 S2 1.73 97.23 56.20
0. 9637 0.8 2081098£27S3 0. 91 63.83 70.14 0.9622 0.32 169. GOTH$2d10260580. 68
62.54 0.9638 0.24 137.00 S5 1.33 87.48 65.77 0.9644 NA NA S6 1.46 92. 66
63.47 0.9650 NA NA S7 1.75 102.99 58.85 0.9646 NA NA S8 2.08 111.88 53.79
0.9645 NA NA S9 2.09 117.02 55.99 0.9647 0.26 136.00 SI O 2.81 150.34 53.50

0. 9656 (Qodss) 131R&Q1s(§1r81©oémﬁﬁt@& kS0 bbdhnBE - p@go%n@e? a@mgﬁﬁlgd (I)%I%\%}% bégr 00 C2,
conparative 1.02 NA NA NA NA , conparative 1.0 0. 35 185.00

C4, conpanvaRiang OIrROGIvER- e %érels% i b%@@pr@pe’f’ﬁés%’t@eag& &ﬁhe ﬁﬁ”plﬁésaﬁcj:'cyrﬁe 2. 00
88.02 44.01 0.9590 0.27 [0069] In this exanple, the sanples produced using

an ORCC dréat@ thanS.0 &/fin. hﬁﬂﬁl@nﬁ-ﬁYe dny ﬁJeHl%gﬂcﬂ ptr&ﬁrtfe@'agﬁleﬁef sa%@%g]\&%riltzstgcp 0.19,

i ndependent of their M value. This was arger t han ! a val ue of
conpar at hat of . ¢ ive
sanpl es dnuethé S.e§l£rnn%%zr%§t I?Cgabga4 %‘gﬁ ?AJI t}]pgerﬁ?’s g?rewscoggﬂp%dath
Zlegler-NattacataI sts, which W|thout Wi shing to bellmted bytheory

pr oduce TFla¥3tiqa tige ’|thrc9é’a%%am@ﬁg(rbﬂ%gwabbramlhpﬁgmetewndvm@ recovmgide ed t o

resins produced using chrom umbased catalysts. The decrease in the Cy-a
val ues sstgiggaiameROTSPAr Ehapiveer 126y @hSaiM e défitlel FEEquaBSH (35 wWd debto 0.1818.

Table 3
RESIN MI HLMI HLMI/MI Density MVTR OTR
dg/min  dg/min g/cc  g.mil/100 in*/day  cm’/100 in’/day
S1 1.97 107.83 54.74  0.9651 0.27 129.00
S2 1.73 97.23 5620  0.9637 0.23 131.00
S3 0.91 63.83 70.14  0.9622 0.32 169.00
S4 1.29 80.68 62.54  0.9638 0.24 137.00
S5 1.33 87.48 65.77  0.9644 NA NA
S6 1.46 92.66 63.47  0.9650 NA NA
S7 1.75 102.99 58.85 0.9646 NA NA
S8 2.08 111.88 53.79  0.9645 NA NA
S9 2.09 117.02 5599  0.9647 0.26 136.00
S10 2.81 150.34 53.50  0.9656 0.25 131.00
Cl, comparative ~ 0.99 66.40 67.07  0.9649 0.39 172.00
C2, comparative ~ 1.02 NA NA NA NA NA
C3, comparative ~ 1.06 NA NA NA 0.35 185.00
C4, comparative ~ 1.00 75.13 75.13 0.9596 0.30 132.00
CS, comparative 2.00 88.02 44.01 0.9590 0.27

[0069] In this example, the samples produced using an OROC (i.e., S1-S10) had a CY-a
value in the range of from 0.17 to 0.19, independent of their MI value. This was larger than the
CY-a value of comparative samples C1, C2 and C3 but smaller than that of comparative

samples C4 and C5. Comparative samples C1, C2 and C3 are produced by Ziegler-Natta



I ncreased r heol ogi cal
dg/mn xIO4 Pas S S

0.1769 301 SIO 2.81 2.19 0.0301 0.1815 277 O,
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breadth. Table 4 Test RESIN# M EO T CY-

a RSP

1.97 3.88 0.0545 0.1764 370 S2 1.73 4.50 0.0647

0. 1750 3403810009882711. 0 0. 1968 0. 1695 335 S4 1.29 6.97 @CcTAB2010/000808 327 S5
1.33 6.35 0.0946 0.1729 317 S6 1.46 5.49 0.0797 0.1738 273 S7 1.75 2.23
0.0292 0.1832 308 S8 2.08 3.56 0.051 49 0.1788 302 S9 2.09 3.47 0.0473
conparative 0.99 9.59 0.1462
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The decrease in the CY-a values suggest OROCs are able to produce polymer resins with

increased rheological breadth.

Table 4
Test
RESIN # MI E, T, CY-a RSP
dg/min x10* Pa-s s

S1 1.97 3.88 0.0545 0.1764 370

S2 1.73 4.50 0.0647  0.1750 344

S3 0.91 11.0 0.1968  0.1695 335

S4 1.29 6.97 0.1097  0.1707 327

S5 1.33 6.35 0.0946 0.1729 317

S6 1.46 5.49 0.0797  0.1738 273

S7 1.75 223 0.0292  0.1832 308

S8 2.08 3.56 0.0511  0.1788 302

S9 2.09 347 0.0473  0.1769 301

S10 2.81 2.19 0.0301  0.1815 277

C1, comparative 0.99 9.59 0.1462 0.1619 368
C2, comparative 1.02 12.0 0.1521 0.1555 378
C3, comparative 1.06 10.6 0.1426  0.1563 374
C4, comparative (1) 1.00 3.35 0.2104  0.2699 258
C4, comparative  (2) 1.00 3.31 0.2103 0.2712 256
C4, comparative  (3) 1.00 3.79 0.1820  0.2548 266
CS, comparative 2.00 1.05 0.0303  0.2977 141

[0070] While embodiments of the invention have been shown and described, modifications

thereof can be made by one skilled in the art without departing from the spirit and teachings of

the invention. The embodiments described herein are exemplary only, and are not intended to

be limiting. Many variations and modifications of the invention disclosed herein are possible

ve 1.06
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[0070] While enbodi ments of the invention have been shown and descri bed,
nodi fi cations thereof can be nmade by one skilled in the art w thout
departi ngwbromvmbe7spirit and teachi ngs of the inventi oRCT/se010/00i3d$ ment s
descri bed herein are exenplary only, and are not intended to be limting.
Many vari ations and nodifications of jghe invention disclosed herein are
possi bl eand are within the scope of the invention. Wiere nunerical ranges
or |im taliaRNGitAl fe @éﬁ?é 85k YnveAtRhE YhePd Gl SR 28s LARGRS S alle'e%lfegsﬁ)% ons
shoul d be understood to include iterative ranges or limtations o i ke
magni t udgaddkhdhnGpihd ﬁhgbstdi‘%nﬁeéﬁ&%ssﬁl)lﬁd%g Ah&DsthHBSRC10de iltérm\Ieggﬁgggﬁr (e.g.,
from1l to 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.1 1,
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[0071] Accardi,ngl he scope_of protectjon is not Jimted by_the
descri ptﬁe(r)cr?ntsgt‘%{)%é{“’ gbpoe\rlceen 9tpe|r%engr?l ]gfr‘fel"tﬁ't ed R A S&ngfcﬁﬁt’ﬁipﬁ‘f‘fe‘?tol | ow,

t hat scope [ncl udi al | i val en of the subject tter of the clains.
Each andp'e'v% */’erﬁffn&ir% Ii’%“’i“ﬁ% rR5GERY ég PPYSEY> ??18‘“5 i ]i%gaﬁefc@ﬂt' adorgqver,

enmbodi nrent of th resept inventjon. Thus, the clains are a further

descr | pﬁ“ésr?“alﬁa“if 85 AeHRe; B BYe ft*dlﬂflﬁéﬁélﬁﬁ‘&é?%‘éﬁtt%e AHovE palse erssifically

i nvention. ,Th i scussion of a publication herein is not an adm ssion that
it is pr ‘ﬁ?osﬁ‘ftgied’%g??édﬁrt@g’éﬁ?c}‘i a9 GRAPISH Incdidsd pyng.ptca fpulddiegingderetaod hat may

to provide support for narrower terms such as consisting of, consisting essentially of, comprised
substantially of, etc.

[0071] Accordingly, the scope of protection is not limited by the description set out above
but is only himited by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present invention. Thus, the claims are a further description and are an
addition to the embodiments of the present invention. The discussion of a publication herein is
not an admission that it is prior art to the present invention, especially any reference that may

have a publication date after the priority date of this application.



have a publication date after the priority date of this application. CLAI M5
What is clainmed is: 1. A polyneric resin having a density of greater than

0. 960 g/ cwo 201088271 ndex of from 1.3 g/ 10 mn. to 2.8 gPLO/USRLO/00E0ZEr O
shear viscosity of fromlx 10 Pa*s to 1 x 105 Pa*s, a recoverabl e shear
parameter of from 220 to 370, and a Gf-a parameter of 2. The resin of claim
1 or 11 wherein the resin displays inproved bubble stability when conpared
to polynmer resin of simlar nmelt iggeqgppsepared with a catalyst that has

not undergone an activation conprising an oxidation, reduction, oxidation
sequencewhas is cldigedesin of claim1l1l or 11 wherein the resin displays a
decrease in the head pressure of from2%to 30% when conpared to pol yner

resin ofy simyj goyMBlid rdsAABXink! £ Eiﬁﬂof"ér%ie}?fath&%.@ky g{(ccfi‘ﬂfelth%x%qtﬁoﬂpdezgone

an activation conprising an Oxi dation, uct1 on, I dat1 on sequence.

The resin of 10 ghandy of KLy NOGHE! DG 310l SPEAKS1 A1 HAGHERSE s Ot O

| oad of from 29 en- conpare o polyner“resin sim t i ndex

Jfror t : gt si' ¢
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wherein the r, rinses polyethylene. 6. A filmproduced fromthe resin
of claim1l OFE§5@1§£ Hg%filn1of claim6 having a thickness of fromO0.1
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conprising t r1llgdgrigclmrenagfactcl:\!a%icngn c06n'1prising an oxidation, reduction, oxidation sequence.
3. The resin of claim 1 or 11 wherein the resin displays a decrease in the head pressure
of from 2% to 30% when compared to polymer resin of similar melt index prepared
with a catalyst that has not undergone an activation comprising an oxidation,
reduction, oxidation sequence.
4. The resin of claim 1 or 11 wherein the resin displays a decrease in motor load of from
2% to 20 when compared to polymer resin of similar melt index prepared with a
catalyst that has not undergone an activation comprising an oxidation, reduction,
oxidation sequence.
5. The resin of claim 1 or 11 wherein the resin comprises polyethylene.
6. A film produced from the resin of claim 1 or 11.
7. The film of claim 6 having a thickness of from 0.1 mils to 5 mils.
8. The film of claim 6 having a moisture vapor transmission rate of from 0.21 g.mil/100
in*/day to 0.33 g.mil/100 in*/day.
9. The film of claim 6 wherein the film has an oxygen transmission rate of from 120

cm®/100 in’/day to 170 cm*/100 inz/day.



11. A polymeric resin having an initial tension defined by the equation

| T>-1.67*(M)+b where b is 5.17 and a percent decrease in the extrusion
pressure WO 20tw9gesi n of 30% when conpared to pol ynmer resirnsediosoesng ar nel t
i ndex prepared with a catal yst that has not undergone an activation
conprising an oxidation, reduction, oxi dation sequence wherein the resin
when fornmed into a filmhas a noisture vapor transm ssion rate of fromO0. 21

g.m|/10@. i n fay ﬁéka%négorgaiﬂérlc/ognggsihé‘@/em-of@l%im@\._ food packagi ng contai ner
conprising the fi Ipm of claimé6. 13. A nethod conprising: (a) providing a

cat al yst11CONR pS1yMeri CRERHaliiky 3R hifal SHRRAde iRV e 3qRAH0R 1Y) YT+ oM 1.7
m/g to 3.5 mi/)gylgnd alsuﬁfg}%e arlea of fronl1 456;1%5/8 to 700 er/(glg\’;ﬂf)(b)

oxidizing th _ el . j bhe
oxi i zed cat Sl et Fo For i Shout O T VAR SRR Bhut S AR RS e

oxidi zed 1 edutrl GAPALY Y pliPmbO R sAfita WU ATlaSAbRbAS withD cal¥ AL NG the

activated catalyst wth an olefin un ondition urtable to Torma

pol yol efin; and (f Junh&eAEah NEat RPN Elol Th JMEESH NrddlGidRO X85 { N has a
AR sy o offlaf

density of greater t g/ cc an ndex of tTrom 1. m n.
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carried out at a tenperature of from or a period of tinme

of from 1 hoyp,b8.4% DRWrol{b 30 B Ho3h N6k, 35 GBS RISH FosQuRL). ST N9 from 5
18 ITEO {I]' d&gf g?a m

nol . % to 100 nol. % oxygen. e nmetho eréin the reduci ng

in (c) is caryj : .enper at.ure.of..from 700 0OC to 900 OC for a
period of "ti r‘?\efoggp Cb%%ggcﬁnéélrgertcgmfﬂmﬂ%glre sﬁ hflr??zcalalrl% uci ng at nosphere
conpri silr}g fr[\omﬁt%?ﬂg(l).%to_abut 100 nol . % carbon di oxi de. 16. The net hod of

cl ai m 13 "wher ei oKidi%i ng in (d) is carried out at a tenperature of

(a) providing a catalyst comprising chromium and a support having a pore volume
of from 1.7 ml/g to 3.5 ml/g and a surface area of from 450 m%/g to 700 m%/g;

(b) oxidizing the catalyst to form an oxidized catalyst;

(c) reducing the oxidized catalyst to form an oxidized reduced catalyst;

(d) oxidizing the oxidized reduced catalyst to form an activated catalyst;

(e) contacting the activated catalyst with an olefin under conditions suitable to
form a polyolefin; and

® recovering the polyolefin, wherein the polyolefin has a density of greater than
0.960 g/cc and a melt index of from 1.3 g/10 min. to 2.8 g/10 min.

14.  The method of claim 13 wherein the oxidizing in (b) is carried out at a temperature of
from 500 °C to 900 °C for a period of time of from 1 hour to 12 hours in an oxidizing
atmosphere comprising from 5 mol.% to 100 mol.% oxygen.

15.  The method of claim 13 wherein the reducing in (c) is carried out at a temperature of
from 700 °C to 900 °C for a period of time of from 1 hour to 12 hours in a reducing

atmosphere comprising from 5 mol.% to abut 100 mol.% carbon dioxide.



from500 OCto 900 OC for a period of time of from1 hour to 10 hours in an
oxi di zi ng at nosphere conprising from5 nol.%to 100 nol. % oxygen. 17. The
met hod ofwol2aiom9g@7wherei n the ol efin conpri ses et hyl enecanus2alomoqsos yol ef n
conprises pol yethylene. 18. The nethod of claim 13 further conprising
extruding the polyolef n and formng g fil mhaving a noi sture vapor
transmssion rate of fromO0.21 g.m|/100 in2/day to 0.33 g.m /100 in2/day,

wher ei n @0 i Mk ntkhdd@®TSiafh 19fwheRe BO bYRIAlhi® @@JAIE@QthYaTté?ﬁpe%M@Tofon | T>-
1.67*(M)+b where b is 5.17; and wherein the polyolefn has a percent

decrease in tygn SO0LICLDIND “DIBESHR Rk iR Y MBRN LR GhbourOinR) o\{(m‘?{m%es' n of
simlar nelt index prepared with a catalyst that has not undergone an
activation CQfMshRdrOBoraptisthg £ih 5 Ab1.o8 AW A, oRgkAat i on sequence.
| 17. The method of claim 13 wherein the olefin comprises ethylene and the polyolefin
comprises polyethylene.
18. The method of claim 13 further comprising extruding the polyolefin and forming a
film having a moisture vapor transmission rate of from 0.21 g.mil/100 in%*/day to 0.33
g.mil/100 in’/day,
wherein an initial tension of the polyolefin is defined by the equation IT>-
1.67*(MI)+b where b is 5.17; and
wherein the polyolefin has a percent decrease in the extrusion pressure of 30% when

compared to polymer resin of similar melt index prepared with a catalyst that has not

undergone an activation comprising an oxidation, reduction, oxidation sequence.



