1 POLYETHYLENE FILM HAVING IMPROVED BARRIER PROPERTIES AND METHODS OF
MAKING SAME [0001]The present disclosure relates to polyethylene (PE) resin. More specifically, the
present disclosure relates to methods of preparing polymerization catalysts that produce PE resin, the
PE resin produced thereby and their applications. BACKGROUND [0002]Polyolefins are plastic
materials useful for making a wide variety of valued products due to their combination of stiffness,
ductility, barrier properties, temperature resistance, optical properties, availability, and low cost. One of
the most valued products is plastic films. In particular, PE is the one of the largest volume polymers
consumed P ’BMM{E@EF&Mi YN IMBROYED, BARRFERBREPERTIE SoANRr polymers
and alternative materials such as Y&, HOMBAKINESBAMES 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 K0Lkny1ed B presett disclenuin tedaietyd oRlsethidene (ABPRymndethsperidiepiinhenylene
(HDPE), wherein each density range has a unique combination of properties making it suitable for a
particu|8F°§551i£%%%%0@&1§%§5if@%@4ﬁ&fmﬂ% pehpneszasion cataly St thatopiaduesnflins
permeable to gages such as oxygen or carbon dioxide and/or moisture (e.g., water). Thus, it would be
desirabfgsﬂﬁ’&g@?@ﬁ%‘pgmfﬁMEpﬁﬁﬁé)mﬁ’g awRlieatiensather properties 2 SUMMARY
[0005]Disclosed herein is a polymeric resin having a density of greater than 0.960 glee, a melt index of
from 1.3 g/10 min. to 2.8 g/10 min., a zeroB 3@ of from Ix 104 Pa*s to 1 x 105 Pats, a
recove;&%lﬁ isheasrkﬁrameter of from 220 to 370, and a CY-a parameter of from 0.155 to 0.200.
[0006]AB0% K clodebioleing ias Rt meaietalh asaflafoinmakisgstoniderinatiaty b vejuadon
ITh-1.67;§ 1?)+b where b is 5.17 and a percent decrease in the extrusion pressure of the resin of 30%
when cB ’gl'é B0 P IR hsin cambinatiana phsitinges. shstiive Ramier preppstiesatempersiuadergone
an activation comprising an oxidation, reduction, oxidation sequence wherein the resin when formed
into a IRV ARESE DRt PIRRSEHES a AR RRIBYY + 204 dpWosrsh. £ng afi the guastoyaliedornoduessisi/ 100
in2/day.a%(;0.07 urther disclosed herein is a method comprising (a) providing a catalyst comprising
chromiBASHS pRoPRisHI, & Fott thel GRte It therirtgsstnvrlume polms Brepassmedcinathe of from
450 m2/ 7%?,m2/g, (b) oxidizing the catalyst at a temperature of from 500 C to 900 C for a period
of time W&t fidSadarsafiliupolnass thatintigsisbspriteanaen riniiy e drotheidiolyreroandiol. %
oxygen {o form an oxidized catalyst, (c) reducing the oxidized catalyst at a temperature of from 700 C
to 900 EFEPRIXE MRAISIAlS ULy Horrss HaGP1 Panstrs Rlagtie dilam sushhis I &lans swepmently from 5
mol.% to 100 mol.% carbon djoxide to form an oxidized reduced catalyst, (d) oxidizing the oxidized
reduceted iy Brckaging, peplifations pyinthexn dse, Hod atiityaiphe rerigmbusl rmedicabando 10
hours in ap oxidizing. atmosphere comprising from 5 mol.% to 100 mol.% oxygen to form an activated
catalySEHEIME RS 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
glcc aﬁéﬂg?] )PE films are manufactured in a variety of grages that are usually d%/fferentiated 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 from 1.3 g/10 min. to 2.8 g/10 min. 3 [0008]Further disclosed herein is a method
comprising (a) providing a catalyst comprising chromium and a support having a pore volume of from
1.7 mug to 3.5 mug and a surface area of from 450 m2/g to 700 m2/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 olefm under conditions suitable to form_a polyolefin, and (f) recovering the polyolefin,
wherein the polyolefin has a density of greate?Wé% 0 g/cc and a melt index of from 1.3 g/10 min.
to 2.8 g/10 min. DETAILED DESCRIPTION [0009]Disclosed herein ate cate%lxﬁggo?r%;&s' '&psd polymer
composifi0es] and Pistlsets kefreindkin gANB UG TGRS 2 Ao SR S Ca alyst tomposition
comprises a supported chromium compound. The catalyst compositions. of this dis eggsasy

ng Nsro 019(55{6 ather

function arlpaigaxefzadion tatalj8mindopiot et FRmrE g b B b ting desita

and/or processing characteristics. Such catalyst and polymer compgasitions ared iRed ip getall
herein. [§® 1D} & bodﬁmﬁhﬁ%%&?&l?ﬁ%ﬁ?ﬁdﬁmg&ﬁ sﬂ %‘J‘Eﬁoﬁ?d %%g%gport may
primarily include an inorganic oxide such as silica, silica-titania, alumina-titania, aluminophosphates,
magnesifromrdbhdd, teillt208irconia, alumina-zirconia, ceria, ceria-zirconia, clay, zeolites, or
combinations thereof. In an embodiment, the support comprises silica which is pr if,apamount of
greater tf@006D weilso pﬁﬁd@ﬁﬂ\bﬁ%?éﬁiéd’ﬁb’%?%ﬁhﬁ%‘?ﬂgeagu%%r ,t% #&ﬁa‘%veiy grgater than 80
wt.%, alternatively greater than 90 wt.%, alternatively greater than 95, 96. 9 1009200998
Wt.%. In equattenridiivé. 6THOdBewheRR BitHpdih %ﬁ;ﬁg@g@iﬁ%&?‘fﬁ%% \%ﬁig IS rlJ?es%ntSin an amount
of greater than 50 weight percent (wt.%) silica-titania by total weight of the AUroaEvelY
greater tiizn 86, WermhsnctpmpgichierRASH Wﬂ%?aiﬁgpr%ﬁvrgépg%%%%&%égn 95, 96, 97, 98, .
99, 99.5 or 99.8 wt.%. The support may include additional components that ! dvgkasheaffect the
catalyst sysabyst, that thags DotcoRdSTEIReRABHIFLOM SPEPHIARY igxééar%?x u%e%st gr%e’of. [0011]The
support may be further characterized by a surface ar nd pore.vplume ef '\éﬁﬁg pYigeder an
active casalysmchwehemeindheaiesingrhss Kipidinfes %r%r@%ﬁ seqYJag(?gf %n%ers Ser gram (m2/g) to
1,000 m2/g, alternatively from2450 m2/g to 700 m2/qg, or from 480 m2/g to 600 m2/g. The pore volume
of the sujfipnt M2 ganild09dm/day i3 &pUrQLH /gﬂl'/g) to 3.5 mL/g, alternatively from 1.8 mL/g to
3.0 mL/g, or from 2.0 mL/g to 3.0 mL/g. Further, the suppart mgy.have.an a SQ%%% iSigg in the
range of {00075 gm For8eo &sslasrd heigirly 2mehnd W%gé?,%? rlo%gs%%é?%?o 150 gm. [0012]The
support (e.g., silica) may be present in the catalyst system i unts pEfr WG 9% %0
support bshvesidimnaiithe SRROVCRaBEA AR #8??1 {;\f g]hl?%t?o gé nvvjcity.g/ggﬂternati\?eIy from 80
Wt.% to 95 wt.%, alternatively from 85 wt.% to 95 wt.%, alternatively fram 90-wt % ig D&l YpgHerein
the percM@mﬁﬂmﬁ@t&é@ﬁf&th@hﬂ@%@ﬁ?ﬁ@?@&ﬁt& g&%‘ﬁl\é?{a %ls“seo%fﬁg véﬁh the catalyst by
total weight of the catalyst after all processing steps. [0013]In.an empodiment GAka fEREPosition
compriseg(bﬁmommﬁn@fr@nnﬁuﬁpmdﬁéfimrgamwmbggé?a o

atmosphére’c )
Comp%SI ion Vlg contacting one or

more of the other components of theicatalyst system_ (e.qg,, the silica Suppert). wi talyst at
chromiunmmd¥atioit () covhPooxyentie @%%M%ﬁ&ﬁiﬂ%ﬁ?jﬁ% R %’?ﬁf ééﬁ%ﬁgé’ BAtater-soluble

chromium compound or a hydrocarbon-solug)le chromium cam ou%d Ex les of %ﬁl%%@e
chromiuntemapepguredsf iffomd@eGnirIARcKder éﬁﬁﬁﬂ%ﬁ?&&?a? ff:%nrlsfr:]}l%)r%r r%%trg%aelt,l or
combinations thereof. Examples of hydrocarbon-soluble chromium compounds ingl Higny,butyl
chromateraiiingrnobspiraiaraqpasnd AR, Higslddient9lidPk h B l%fl%ﬁr%gm%m () 5
acetylacetonate, or combinations thereof, The chromjum-containing compound ma f:ﬁr(gﬁwium (1
compoundxidirethieducgilcatatyso (Ao dirig a7 EL RS ,%éggr%g?ntgg‘o%es%ﬁe%?of Suitable
chromium (Ill) compounds include, but are not limited to, chromiym catboxylates, .chromi
naphthenam)s?ehmﬁﬁiﬁhﬁﬂfaﬁdesﬁ?md@ﬁmﬁfrfﬁﬂﬂe‘s}‘%?ﬁé?n%#f%gﬁ%%gfggfﬁ%oﬁ i%r@%%tees,
chromium nitrates, chromium sulfates, or combinations thereof. Specific chromi 1l §iands
include, bubmperisiagfroired 19l tar Rl 4 STEHOSI T ARAS ﬁ?‘*&?ﬁagﬁy“’ & R
2,2,6,6-tetramethylheptanedionate, chromium (Ill) naphthenate, chromium %Ili}1 I ri%& ) ym (1H)
tris(2-ethydhﬁxamdaee9algbironithmr(lW}any-@éﬁﬁyﬂﬁ’@%}%‘été,ugﬁ%ernf g"(ﬁﬁ?) i %Pr(%lg yI%%xargfc))uate,
chromium (l11) acetylacetonate, chromium (lll) acetate, chromium (I1)) butyrate, chrgmium (
' neopentaneateciiingdheipniyolfinuwdeseirtamiorolaipdiatade rﬂﬁﬁﬁ’%ﬁs o%lgt%@c%%cm%{gdma(l 1))
benzoate, chromium (Il1) pyrrolide(s), chromium (lll) perchlorate, chromium (ll1) chlorate, or
combinatignalttirekensf SoitabRg/hbomituie Ai§ B8inds include, but are not limited to, chromous
fluoride, chromous chloride, chromous bromide, chromous iodide, chromium (lI) bis(2-ethylhexanoate),
chromium (Il) acetate, chromium (1) butyrate, chromium (II) neopentanoate, chromium (Il) laurate,
chromium (Il) stearate, chromium (H) oxalate, chromium (H) benzoate, chromium (Il) 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
comnnitindecricrh ae Nt honded chromiim comnlavaee for avamnle diciimena chrominim and



6 [0014]The amount of chromium present in the catalyst composition may range from 0.01 wt.% to 10
wt.% chromium by weight of the catalyst composition, alternatively from 0.2 wt.% to 1.5 wt.%
chromium, alternatively from 0.5 wt% to 1.1 wt.% chromium. Herein the percentage chromium refers to
the final weight percent chromium associated with the catalyst composition by total weight of the
catalyst composition after all processing steps. [003_L5]In an embodiment, the catalyst composition

comprisgs litanium, Titaniym may be introduced to the catalyst compagsition via contacting gne or more
of the o TR Rhmp  HEHE SIBIRSEL BATRD 4 N BB S L BB BER o BN GBI SBtacting

with the chromium-cpntaining compound) with a titanium-containing compound. Alternatively,
chromiu?%x-%]ﬁ'fg?rﬁﬂ %8“988%%‘3&3 filefNe &%ﬁ@bé%%%ﬁ@%@c@%ﬁﬁ%ﬁ%aﬁ%e
catalyst osjtion By conggcting with one or . more of the other components qf the catalyst

com pos?%lg%](%@.é%%%ﬁ%ﬁiﬁgﬁgas g?%c%‘.%@tif%iﬁﬂﬁ-&éﬁfgifmc@nﬁﬁﬂoﬁﬁ%ﬁﬁﬁ%e a
water-solyble titanium compound or a hydrocarhqn-spluble titanium compound, Nonlimitjng examples
of suitaﬁ?éuﬁl-l},% 20910 %rﬁ%‘sq}ﬁaé"i 1% ﬁn'l‘?ﬁgléeﬂlf %ﬁ?&gﬁgﬁo@oﬁﬂgﬂa KIFECE3,
Ti(SO4)3,.titanium peroxo complex, titanyl acetylacetqQnate titgnium oxylate apnd combinatjons thereof
Such céﬁ%‘b‘(%ﬁ%&%‘ﬁg%\i} ééé @ﬂa@e%f%ﬁﬁzé §B}5‘§‘6% tgéa‘?%m?ﬁﬂ&glgﬂfé@ﬁﬂl SRR B entage
titanium of from 0 wt.%.to 8 wt.% tjitanium, alternatjvely fro wt.% to 7 wt.% fitaniym, alterpatively
from 2 v(\’/?g)félto %f%’.a 8?&?1%%&?0%%@@3?&%?&% é&fié“ﬁﬁ’é’ww&iaﬂtﬁ ntagetitanium
associated wijth t atalyst by total wejght of t atalyst after aJl processing steps. [0016]The
chromi?;ﬁqrr?-g%i toalﬁ]r}%gl 50 8‘??%‘9@65%&%6{2‘?@]@9%&7&@%% Q%ﬁ%ﬁ??ﬁﬂ?%%ﬁfl&ﬂé%: &ind and a
supporb ?of%tﬂ&f the types described previously herein. In an embodiment, the support consists
essentially SilEa and the chromium-containing support may be prepared by contacting a

chromium-containing compound and 3ili -silica. 7 support. In another embodiment, the
chromium-containing support may bﬁﬁﬁ?@n@%@%&lmromium-containing compound and a
suppor rising.silica-fitania to form a Cr/silica-titania support. In yet another embodiment, the
supporﬁ@@érggrises %Sfﬁkgge e 8L We%%@?ﬁgoﬂfeﬁg&’)&’ &Rgﬂﬂr‘?&saﬁ#n 1t8htaining

compoung..a titanium containing compqungd and the silica to form a Cr/Ti-silica, support. In another
cbod TR PR AR Sl Eh A RICE THERG 12 SRATER SRR A A G Beaton

or co-precipitation. [0017]The chromium-containing compound and, support may be, contacted using
any su‘fﬁargpflemrlnnéthc @%&&Exﬂﬁle@@%it%ﬁ%ﬁiﬁn‘#t niﬁﬁgg’%‘fud’é%@itﬁﬂlﬁmitﬁﬁion
ion-exchange, .incipient wetness, pore. fill, agueous impregnation,.arganic solyent impregnagion, melt
coating? @X%gﬁlzﬁ%,gﬁr %\%(fﬁsga’@tt Foasce, %ﬁg‘ﬁ‘férgﬁf’ r@%‘ﬂl‘l‘?ﬂﬁ%‘gn ?&’%ﬁ%%ﬂ%‘n 5
Cr-support. Hereinafter, unless ogherwise indicated, the disclosure, will focus on the use qf a,
Cr-sup {)or?%‘rgﬁ%ﬁig a CHehitd 5&38{1& YRS BRI %9@?&5‘@& didainort or

combi aetions thereof. [0018]In some embodiments, following contacting of the components (i.e.,
chromiurﬁ‘?lebntaining compound and support), the Cr-support may be washed and/or dried to remove

any so sed during impregnation of the metal. The drying may be carried gut in a temperature
range (W@%)rﬁ ZS@tg%%B%ﬁ%%&?e i W%ﬁéﬁﬂ’éﬁ?&ﬁﬁ/é\y’% WREbHBAY | for a
time of from Q.1 min, tq 10 houys, alternatively from 0.2 min,to 5 hours, alternatively from 30, min to 1
hour. [8 yangﬁr;;lg S d SRR mEHEY oHiShe patinglicRat raifso A% ntacting
the support. with a titanium-contgining compoynd and a chromium-g¢ontaining compound to form a
metallﬁ%&l&ﬁgif’sﬁi@t%rﬂ%ﬁé%f %&%ﬁﬁ%@%t%ﬂ%&ﬁ%ﬁ&%ﬁa&ﬂﬁ&%ﬂiﬂ

chromiym-containing compound may be simultanequs; alternatively 8 . . .
(L:iay, zeorhtes, r combinations %¥ereof$. In an embodiment, the su%port 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 alternative 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



the contacting may be carried out sequentially (e.g., Ti followed by Cr or vice-versa). The
titanium-containing compound and chromium-containing compound may be of the types previously
described herein and may be introduced to the support using the contacting techniques also previously
described herein. The metallated silica may be dried to remove solvent at temperatures ranging from
25C to 300C, alternatively from 50C to 200C, alterfluatively from 80C to 150C and for a time of from 0.1

into 10 h , alt tively f 0.2minto5h It | f ' 1 . [8P20]!
embod AT bEa R MRS, BFLEE B Hoatinle o B0l 2ok AL i A

embodiment, a method of activating the catalyst precursor comprises heatjng the I cursor to
a tempeTBRRASt AdYe ipgliyle &Wﬂbmo%‘&&}{ﬁgﬂaﬁ%qu]‘%ﬁ% Y61 g&‘; {g%o ) gé?;%?es%@fively
from 800C to 900C. Hereinafter the temperature may be ir;%qgas&cei Q fusing any suitable technique. In
an emb @8R @R EERRN&rAERE A O 2y HiRY iR RARRF HE-LF ARSI RO T degC/min to 10 degC/min,

tne catalpOLblecurkBR rABPEE SAPYe oL ORI b S S GLBe may
ey gon FIRRAAESIHRIR STRCIESSHROTD6) 5 FOEROGE SCiAIE) o A €080 mol %6,
oxidizin AR GNETL R R DL b1 G B RO R 03 16 Vo TSy rom
R S A e N R

ange OATAPSE OB EPRRERIURT TSR EXEIE & ANna iy hon SOOE S so0c. o

Heating of the oxidized catalyst precursor may be carried out in a reducing atmospher me
embodirk8RheT R SHRRIHTEAN, IR AT AYERRT IMURESIS s Jgﬂﬁlegoglﬁc{ﬁle o&%&%l)n%g()gzggéphere

with an inert gas. Examples of inert gases suitable for use in this disclosure include nitrogen, helium,
and carlsbiersively, from 2Qismde 230umsepEnAd MY 1R Me subjected to a reducing gas such as
for example carbon monoxide. In an embodiment, the reducing gas contains_carbon monoxide in a
range of[#813]5 mdlte tsupparitors siliernmaydly psssn Mdiw ?&@Sﬁﬁy@@,“b?’hﬂ@ﬂﬁ’ﬁ% 10
mol% to 25 mol%. The reducing gas may be contacted with the oxidized catalyst precugsar for a period
of time afGrotP4 thdl% . 2Pshppes, by wrishi-afbg Gty st %&?@t@@%ﬂ?@}%fr&ﬁbﬁ?a%zﬂfﬁé)% 2 hours
to 4 hours. Following contact with a reducing gas, the resulting material is termed an xidiz?-reduced
catalyst preféyrabierioGRayT ieom SRow Yo teiAignt Sha Aiamgaveie AR 3 Wty R gés&ﬁ &d herein
may further comprise oxidizing the oxidized reduced catalyst precursor to form a catalyst. JTh
oxidizedaléztuativebnfadyat W av e se r?lﬁiyvb&(oheﬁﬁ%ﬁ@téﬁﬁ%‘aﬁﬁréﬁﬂ%%ﬁﬁf@ﬁftﬂé’ﬁ %@E to
900C, or alternatively from 500C to 800C, or alternatively from 550C to 75Q0C. Heatjng of the gxidized
reduced weighygiepeentesounpant hesosiated withitharsaglyssiby Wialoxpiebtotthe it éﬁﬁ&f phere
may be of the type described previously herein having a mole percentage oxygen in the ranges also
previouspratessinigstepsrein. 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
alternatiédisiom Zihenrenbodintants Rheatalysieompstipm CRIMPHEES SRIOMIMTN S HIRTRINA Hahe
polymerization of monomers (e.g., alpha-olefins) to produce a polymeric material (e.g., PE). For
examplebe intiadysep tothecchiatyslesunibesitinaraia eeniaetingtons 25 BPRWhEK2HMSHh CRRRhich may
contain at least a portion of the total chromium as Cr(VI). Without wishing to be limited by theory, the
polymeriafitibefcastiyssystmn 16 hate thition stapotte WIH A MBI ANRINER RIMECHHSho i (9.,
alpha olefm) to generate divalent chromium Cr(ll) which may serve as the active site for polymerization
of an alptiratsfim-tereinaite compdysts maspspseptisedaseitsssolablen AremRREPBRAEY PEficed
oxidized catalysts (OROCs). 100231 The polymerization catalysts of the present disclosure (QROCS)
may be diyithbtertemvanivbls ehbmivkficoppiyndiZxrsnpiee ofowateiesiibls ShERUDSEATRANS types
of polymerization reactors. As used herein, "polymerization reactor” includes any polymerization
reactor ciaphide ohpahjumerizivkjdephbrotaiimnasebine chremium i) 8 sAseRipaiesmGistrhers or
copolymers. Such homopolymers and copolymers are referred to as resins or polymers. The various
types of ExartplesirufUunjeltbesboinaoklzly bbrommcpmgmm@mytegmmé <hemsHE - High
pressure, tubular or autoclave reactors. Gas phase reactors may comprise fluidized bed reactors or
staged hdiizerdaldeactonn S(0)rycorapevnslmaiscyrigpestadiensdal et |shpugh SHsure
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

—sintarcaonnactad hy a trancefar deviecae malvina i nnceihla tn trancfar thea nolhvvmeaeare raciiltina from the- firet



[0026]A Polymerization process (also known as the particle form process), 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 rgonomer being polymerized and hydrocarbons that
are liquids under reaction conditions. Examples of suitable diluents include, but are not limited to,

hydrocarbans sych as propane, cyclohexane,isghutane, n-butane, n-pentane, isopentan

neopen e A A2 LB, BEHForis BioR FRRRHERE RLASIE, SR Euih Bins
where nq diluent is,ysed. An 12 example is ﬂlgsmerization of propylene mopamer as dis¢losed in U.S.
Patent '{.%rog%gs(ﬁj \?v%rp%o%%hcgﬁﬁ%&g‘t%% %y e er@ﬁgﬁ%ré)n%gnen ir tyﬁ [ﬁ?gﬁ%%%’rd?ﬁg to yet
another aspect aliisdisclosue, (e RAVRENZAiN teacion ma comprisg aLleas gc e ghase
reactor. Such systéms may employ a continuous recycleé stream contaihing one or more monomers
continuausly cycled through a flyidized bed in the presence of the catalyst under polymerization
concitioORTLR, SRS Chiei i R e S T R, MR
reactor. Simultaneously, polymer product ynay, be withdrawn fro e reactor.and ney or fresh
monomg?r%mai/ugle 3’88’36& ?%S’reﬁ a&’%‘iﬁ%’ pé@)%gé?lsZeg Bﬁ%rﬁuélrlﬁlerpg}ﬁg%s’gag% né%lglreg%%rgsfna?/r
comprise aprocess for multi-gte S- phase cg erization qf olefins, in which olefins.ar
polymer(i(z)rél maﬁ?’(%as%rgas’ pﬁggce% atleast tw @dSBfé’r?Sé‘ﬁ g%gﬁﬁgsgl\go y?nré?gzialﬁ%r% §otr(1)és while
Zone. GO B ) 2 LT A B S "
5,436,304 .each of which is in ofated by reference in.ts epdir rein. 002 Ag%%rgi still
another%l1 Iﬁ?gg ) tr\:‘éﬁaﬂ’g&%&‘u@gﬁé’ﬁ pﬁ’ecsfért?freuggiyg@ri%%%ne%%%r%?ﬁgg éoc?ner())nse a trlzj%ular
reactor or ap autaclave reactor. Tubul rs m ]Flave several zones hgre e onomer,
et oA honhi S AR R IR SR e W e oy
introducc do%%e

e of the reactor. Ipitiators atali./ﬁts.an catal 0
entrained In a gase LS g r%ér%ﬁg)r%lﬁrgcii?ﬁél aafcig’n% oenr’fl Zon o? eg%%%%?rg? #ﬁg? éﬁ@%@i may be
intermixed for pelymerization. Heat a % ressure-may he employed a riately, to ghtain optimal
polym e);lgzug?l%h cr%%c |1<51r!1n(€;)§)i ?1@ if 3?%6[0 ) gfn ué{:lo@mg&%q glcteet’ afrﬁé?#é?%sﬁ@tp%ﬁ%}%fsg o(s)fjnrlé'l,[%e
polymerization r ay comprise a sqlution pelymerizatian reactor wherein. the mopo is
Contact A e R R e
Inert Orgam%%g"uc%%nﬁum (II) compounds include, but are not limited to, chromous fluoride,

chromous chloride, chromous bromide, chromous iodide, chromium (II) bis(2-ethylhexanoate),
chromium (II) acetate, chromium (II) butyrate, chromium (II) neopentanoate, chromium (II)
laurate, chromium (II) stearate, chromium (II) oxalate, chromium (II) benzoate, chromium (II)
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.



13 or excess monomer may be employed. If desired, the monomer may be brought in the vapor
phase into contact with the catalytic reaction product, in the presence or absence of liquid material.
The polymerization zone is maintained at temperatures and pressures that will result in the formation
of a solution of the polymer in a reaction medium. Agitation may be employed to obtain better
temperature control and to maintain uniform polym%rization mixtures throughout the polymerization
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o N, ARSI R IS LAt O O By
o A o SRR Al agh oo
BB e e )
o e B L RE ARl AR NG P S P e
e GO RS A5 PO TR O s B o
S S 50 L A Gy S oo
e S L ARSI SRR s g e
D SULSSR SISO e BTG ST, IS0 Sl NEHRIR e ggaran.

e oSSR, (o8 A 1 SUPBEEh D MigRrakt o, Shae o il P, T o

in the rafi psia r. At least one monomer is placed in the liquid phase

of the slurry in which the catalyst.is suspended thus praviding for ¢ s tgﬁﬂ‘ﬁ%mer and

the cataﬁ%ﬁpf‘rsi‘é 30‘3’3%%@3%%&&0 Uth\:/cI)f?polg %I}?i:%ra ;}%gfrg?gr ?’&%ﬁ@ﬁ?ﬁ?gﬁh. A%%sed erein, the

activity refers to the grams.of polymey produced per gram of solid;ca h per, [mnd the
t}gg o%ﬁ%na)le o% sui g{e JIL1 ¢ r&lﬁﬂp%r%orlgﬁ?o as Egbfﬁ&g %@%2)4 é@ﬁ

producti rams of polymer produce solid catalyst charged. [0035]The
concentration of variQys r

ochan AP ASEOAEC T epliodt U o T ST STz e rSM TR metho
Rexral AP, CHEES S CE VIR G o VLD A VRIS SR SRR '
omporath e SN AP JARIOHE O PHETERF ESeres o oL e e o
ryarogeP BN O R cTeAeCah CABR R  H ARe R e ey IO e

ComOnolggrec%};stalé%qtgtz}r?i&%n}é%rgrt%d gtﬁnal 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 compound 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



15 density. Hydrogen is used to control product molecular weight. Co-catalysts can be used to
alkylate, scavenge poisons and control molecular weight. Modifiers can be used to control product
properties and electron donors affect stereoregularity. In addition, the concentration of poisons must
be minimized since they impact the reactions and product properties. [0037]After polymerization,
additives and modifiers can be added to the polymér to provide better processing during

manufacturing and for desired properties in the end product. Additives include surface modifiers such
as slip ageme, antbIBER ,efa(‘?fl#?@f@?’ﬁﬂﬁogfﬂa?hgogﬂlfﬁ‘é?’ﬁﬁm@% STRPE BKYaRF PHFBRTEd by
pigmentsc'ng)t%%fl%ssin&raids su_ch as waxes/oils aréd fIHoroeIastomers; and special additives such as fire
retardants. antaeates SoR e N EYalaNng BURPOSHE A SRR SARPISIRSSIHER UaRIALO f96%8etin an
embodirﬁ]%ltﬁaqu%ll?uoc is used jn the polymerizagion of al%%olefms. Alternatively, an OROC may be
used in the p&?/menzaaﬁ%pr%‘ft‘eﬂ*?léﬁé P YORERASHIRE 1y e FURRATH SUTISESSHiSR FshiBRolymers

may be produced in the manner described previously herejn. [0039]In an embodiment, a polymeric
comp05|gt)&|1(t)ar1i:Iy e?é) e %%tﬁ?/lgﬁeéﬁaﬁ%&ycgarl%‘fﬂﬁ%ﬁ SREPIRI Y GO A LG, SATBRPHL 75t to or

greater than 0.960 grams per ic centimeter (g/ c@alt rnatively equal to or greater.than 0.962 g/cc,
or alterncé)t?\%f}me%ﬁ%PPé’ o g%é?ﬁ? tﬂﬁéﬁaotfbg‘?@/ c& fbﬁﬁ?éﬂpgél{ﬁg#hﬁ% e ER0ATIPER o sition
(e.g., palyethylenpe) produced using an. ORQC has ar};%éindex, MI, in the range qf from 1.3 grams
per 10 r%l)i(ﬁ% (—:él%;ﬂf??%fn 528G SR 22 e?'ﬁ%ﬂ%‘@l Hiapa ai‘id%%‘?r @'chgé: i 810"

alternativrgl f{o%&J g/10 min to 2.2 g/10 min. The melt index (MI) refers to the amount of a polymer
which cin g%rce'd through an extrusion rheometer orifice of 0.0825 inch diameter when subjected to
0 grams in ten. minutes .at 190C, as d ined in accordance with ASTM D 1238. 16

a force rﬁﬁﬁ 15l tem% Aﬁs

[0041]I1 an eémbodient A Pon el HBHE LR %a'b |SRRROE 7% B8 REHATSA SO BBC has a
Recoverable.She frain Parameter (RSP).in the range of frqm, 220 to 370, alternatively from 250 to
350, or%%%r%r%gtll{/lg%(%g%73%%8‘?%&%%@%\78%&&% FSE%‘EH‘%?&H@%%OW@?@&? aﬁﬁ’éﬁ%’r?@es among
various. T‘e RSP. Recoverable shear,strajn for.a rubber|ike material

BQhym a(H{esirl}'lscis.trgrg estimation Olhé
is defined by Equation (1) REPTE) B ARk AP RS AR R ) SRRSO EPE HRRIERIFH9Dthe shear
s ess. Details of.the significance and interpretation af Equatign (1).may, be found in: J. M, Dealy, K. F.
Wissbrtl}}le,ﬁ\ﬂ%cf?%o‘fgg%/e glrﬁl *itS RO a%ﬁi%’ap&%ggfﬁgﬁuf%ggry SAWEQ%OW?W Nostrand
Reinhold, New York, (1990), whjch is incorpqrated by reference herein in its entirety, At low
frequer%icjzlei,selgn w%gr%ci:&or\-/seu e'srilieech #%e‘%%ﬁ%%ﬁ%&e&%%%%oﬁﬁé%ﬁi%ﬁ%ﬂﬁ‘f?i‘%ﬁ&e C
represents lE‘Qee g}agt'ﬁ rpsart oflghe dynamic s%ecar modyjus,while 1g *land t%rrﬁé)_reﬁent the magnitudes of
cy,

the correepbRdag cOmPIBRATs AL (8 JEBx R ar S FRliCA PR SHEEHIPPABpRing this

apProEIANIRn Rl QbR RS B sagnpte: co = 008

[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 impreghation 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, alternatively 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 titanjum-containing compound and a chromium-containing
compound to Vfonn a metallated silica. The contacting of the support with the titanium

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



- s 1), 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 Cdtreau Yasuda ‘a’ parameter (CY-a) is defined as the

rheological breath parameter. Rheological bread 7 reéef the breadth of the iti gion
betweethR SAREISEREIEY R SAIIEGH %Sgﬂ%%{}t}%{& e 6@#&8‘?’ gﬁaﬁ%aﬂgﬁ%%gé%%§h82}r{e§e of the

viscosity of the polymer The rheological breadth is a function of the relaxation {i istrition of a
polymeﬂk‘é@%ﬁ?\nﬂ%ﬁlﬁmﬁrﬁqg@%&tﬂﬂﬁl of ggﬁcmﬁ%rcggl@gwm}agg}agc%@ﬁu%. e CY-a
parameter may be obtained by assumjng the Cox-Merz ryle and calculate fithing flow Ghiryes
generatB@Wﬁ%ﬂ@%é@@%ﬁFéﬁ?nﬁ?ﬂiéWciﬁﬁtW? ﬁgrﬁgygﬁe%uﬁ %?(%e%iﬁggntt%%with a modified

ViscostenBItFs SHRAPPHBIR b 53T ol AT BLAMASILrY e e el R ==
Keomonrin L RTINS FRVEA LT el O TSR NCTEA 442, foen e
SignicaAETHSHOTERE Ao o S0 P SEE e L i HE B oIS Meer
(a{lgdgg)l—éﬁg%g%g%%gggé%é%ﬁ g%%%g%hgtéllﬁi&t%er and H.H. Chiang, Polym. Eng. Set, 32, 931

asseger, Dynamics of Polymeric Liquids, Volume 1,

R o SR L e

polymer compos e.g., polyethylene) produced
using an OROC has a zero_shear viscasit 0), defined b ' j . 1 x104
pascal sealat(Ba ) ¢ pedimEmd 2 E}egh‘éalr?gffﬁ‘/ﬁl\{/a%%%f X %@é};}%%%’l%% a-% Eg rg %ﬁttlegr?get ively

from 2x104 Pas to 6x104 Pas. The zero shear viscosity refer V'W' y i
composRAAEE PHEHEOR LA A LeBHAHE i a5 FaSF tﬁg Frﬁ)a e?ig?;@ n?&ecular’s?%éﬁ%ﬁg lurthtlall(ri, 18

700°C to 900°C, or alternatively from 800°C to 900°C. Hereinafter the temperature may be

increased by using any suitable technique. In an embodiment, 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.%, alternatively 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.



for polymer melts, the zero shear viscosity if often a useful indicator of processing attributes such as
melt strength in blow-molding and foam technologies and bubble stability in film blowing. The higher
the zero shear viscosity, the better is the melt strength or bubble stability. [0045] In an embodiment,
the initial tension (IT) of the polymer resin satisfies Equation (4): IT > -1.67 x Ml + b(4) wherein
parameter b is equal to 5.17, alternatively 5.42, or%lternatively 5.67. IT is the force required to
elongate a polymer strand under specified flow and draw rates. IT is a characterization of the resin
extensiiftgng mk s pxidiasd SBECHR WAk Beawiisd o e AredudiR AEOsRhsE taMt flow rate
through a standard melt indexer. Molecular parameters that affect the IT test include malecular weight,
moleculSPTRRNPALReBtHthe ToARCEMRARBraRRISHIdS crtrklivhed By Arstilushing 9uiba HdiziBEanching.
In this disclosuyre, IT.is measured using an Ml barrel coupled with a constant speed plunger, constant
rate hatﬁtﬂ‘ﬁ?gﬁ‘&é",’lg‘rﬂ‘é”ﬁﬂeg?ﬁoﬁ*&?&%“??éﬁéﬂ%gﬁﬁséé’c@r}ﬂﬁrf@rtH?f’é‘rgESréaﬁﬁlPéHr?d@BWﬁate a
melt filament to @ known strain. The IT.of the polymer resin measured as described above is a function
of the MPHH&%%Q PR repaR iR Theinridisd satlvat RIRIGOS MR¥ e e S UNeRST IR into
articles of manufacture or end use articles using any technique suitable such as extrusion, blow
molding? ﬁﬁ'%‘éﬂaﬁ FROITHSY, Fol SBIATRRIG, HHORR SRAATE-arl BBSMEOEmEeRk- 1 ReIUCHA B8 resin
may be extryded into a sheet, which is then thermoforgned into an oend use a,rticlerﬁuch as aocontainer,
a cup, £HHDS FAReR MeBexHledn A KHER ShIOMLASRALT HPo Mo an AisaHKF¥ oL L Her resins
producedg de?g/ibe%lherein (?.g polﬁthyl%ne) may beoformed into films which can be useful in
food patk §i PoYoREAIAYR ¥ 8Bt SRPlth Ot teding #igeidoavebsreoRiBfiedied into a
film. The films of thjs disclosure may be produced by any suitable method and under any suitable
concltioN Har e SHEERSECHAY TrRESSHSH <R AP FEH. A BTBE R B BSHE 18 pGHES ins
through a blown film process. In a blown film process, plastic melt is extruded through an annular slit
die, us&ﬁm‘f i ,0{6c?ofmtgstﬁﬂq%ﬁa@ﬁ,tabéltﬂwgﬁxh@ﬂ%&Mm&é ashore PR enter of

the die to blow up.the tube Jike a balloon. Maunted on, top of the die, a high-speed air,ring blows onto
the hot RRIAE CBRNE PR g?sﬁ|ﬁkl?n@ﬁ%?&ﬁﬂé@%ﬁ&@%ﬂﬁ@f@%&fﬁ@?ﬁﬁ%F& Shes
through nip rolls where the tube is flattened to create what is known as a lay-flat tube of film. This
lay-flat BI*CBIf¥sed tube is then taken back down the extrusion tower via more rollers. On higher
output lj the inside the l%ubble is alsQ exchanged. This is known as nternal Bubble Cooling
(IBC). [ he?ﬁgs@ﬂa? Rl ACHVaHAR Ok FaiR KT g SSHERRr Q1 JBE bR qa%pﬁs@ B to
produce two flat film sheefs.and wound_ up onto reels. Typically, the expansion ratio between die and
blowin (HGF ARSI A AE S0 20 riend GRSt IREGRES0E Q5B Ao NSt e
thickness.and the cooled film thickness occurs in both radial and longitudinal directions and is easily
control B9 eétﬁf&ﬂa tRRVSHRTREHEoTAYiAe heal sl Al SmRP R ER IR Ry 080N BRRpIO(CThe films

formed fr lymer resins of this disclosure (e.g.. polyethylene) may be of any thickness desired by
ot i e e R S e e R S e e
thicknesf$ f from.0.1 mils to 5 mils, alternatively from 0.5 mils tg 3.0 mils, alternatively from 0.8 mils to
2.5 mil€f {02 ShsRCorhYSt TRcUTERp atas s eRTE Hek M A iz 2R B JL of
polymeric resins prepared as descriped herein. For example, polymeric resins of the type described
herein Wﬁéﬁ‘gﬁlﬁ seRse AN he Slhe dvpndsistibed miay RSl AFTRIn AsviRE S rele PRy ENaRE cteristics.
In an embodiment, polymer resins of the type described herein 20 may be extruded at a decreased
extrusiGRYSRASOL e FARBRs RRRIRiPHS 3 SigprEbsd Srainsithe P Hitifsd dedupsd saRii e cEaly st that
has not undergone an activation comprising an oxidation, reduction, oxidation sequence. The
extrusiBRHRESIRISIRA AL OXIdHIRg Atmesahefe far darTind of e of e dr oo ) hekEimple, a
polymer resin produced as described herein during processing may display an extrusion pressure that .
is decrebalerAHRely{rom s bpumde hbrvspor, alissnatively frent Aheuss 4 etg aFhegesuliatinatively
equal to or greater than 18% when compared to polymer resin of similar melt index prepared with a
cataly LA S H6ttalyabibpaay-funetionignthe polymedzationsd sneRomsts i8n Anhg-aleAnsd quence.
Such comparative catalysts may be conventional catalyst systems such as chromium-based catalysts
or ZiedRPTdHee cRalyuierifmaicsiabiSambR); Hivk exmplsticatelystipinarsh asiessbeddientit catalyst
that has undergone a conventional activation sequence rather than an activation sequence comprising
an oxidAHoRRERR RS RRRbERAAGAN Seis b duhieh ann sravain hdleastp Rutiom o hihs fetlde a
decrease in the head pressure of from 2% to 30%, alternatively from 5% to_28%, alternatively from
10% SRR, aVathoIHavishing tode Bnvisthbavdesyothe arbrmstization satls may7y,
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. 10052]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 21 dfbund the axis formed by the die center) or
movement of the bubble relative to the die which is random in nature. These ins S)ilities cause poor
gauge dietritieangials (LariGHOMY) iHTTieRem KoRARR "I HHa g neRaEr (st Eﬁo{gg DifQRFUSIHRS that
will generally lead to a reduction of the quantity of acceptable film that i roduced.og.ubbl? tability is a
qualitatidevalrntiehremnm Sy HR vdiish opey seRie 35 Pe YRS fof B ?@5?&%60&1 ubb eps?%%bnity and
5 indicates poor bubble stability. Polymer resins of the type disclos%(g[he{@ingna%hdginﬁéhed
productiotefst bitsueinafer sriplisEPIeRNse asdsaty RSB FCIRTRKLRBINTES SR 2ENE Brepared
with a catalyst that has not undergone an activation comprising an oxidation, reduction, oxidation
sequenc¢d X}Sﬁslm%ﬂble stabilities rated from 4-5. [0053]In an embodiment, films formed from PE

compositions of this disclosure may display enhanced bartier, proper; r example said films may
display #8823kd mEhapelXragrratian SHtrEsSHALRsPY S&h%‘?&o@c%@‘ts e aﬁ%a%‘%tn%;%sigi%ﬁ rates

(OTR). [0054]In an embaodiment, a nominally 1 6-1  mil thick tﬂ%wn ilrré%oducegugrom ol)() er
resins oVaiQus; sl el %&@@W}ﬂ%lﬁ?&‘ﬂéT FhdBake BbrBrT 8. 2T Gams i per 100
square inch per day (g.mil/100 |n2/da)[i) to,O‘.§3 .mi1/100 in2/da ,,a.lt%{n tively fram %rzlgaﬁﬂr%%/loo

in2/day ROVRETHAHARBEHIRILYS Uied WO RRA o BRGSO RS D S i

in2/day as measured in accordance with ASTM F 1249. The MVTR measwe ssage of eous
H20 throg#fios beaprtleTio Wﬁ?ﬁé‘?&lﬁfpgé &I d%oggl?ﬁés\/?gfgf’vaet%ﬁ r?lrgg?ssrt‘ﬁisglrgrcﬁr%%

(WVTR). Typically, the MVTR is measured in a s?ecial ch mberl, divided ve éiCS‘HB{ob%str%%m or
substratBARERRYFAEH: PEFOROUYINEHS SUSHARMSRATEMETE AOMERC IS BolSt Almosphere 18 in the

other. A 24-hour test is run to see how much maijsture passes throygh the substrate/barri urng,om the

"wet" chBHHBFE tﬁ@“&ﬁ?‘%ﬁéﬁ‘ﬁﬁ%%?ﬁ?ﬁp&mﬁ]ﬂ’éﬁ§%§ﬁ cﬁi’aiamagp%gcf tt%rﬁ%/&?%gs gﬁzﬁt\?g, cscl)em ihations

of temperature and humidity in the "wet" ch 22 LOOeSSrLJnFan embodiment,
r

ber.
film procRasaRhssmsalutions High ryessurss dy %%5%8%%‘% AR IO rAhge of

IS .
om cubic
centimeters per 100 square inch per day %3 0Q inﬁ@taé)t 170 gm3/100 in2/day, alternatively from
120 cm¥aprise/Auidierd e d A78AQTS BT d/j}og,{g i ?F%m@&%ycrrﬁ%c}% %gilég? c?i%%o
c¢m3/100 in2/day day as measured in accordance with ASTM D3985. %Tﬁ IS thgl{;n asurement of the

amount SPEkPhRRNGEZIRI IporseHERBBRHRFAEIS REAATBERGA TERI S Ay be Con

esting may & con?ucied
under a range of relative humidity conditions at a range of temp g{lgres. Tz}gicalls\ééone i(g%soef the film

is exposBEAIh DS §éR. ‘R%l‘i‘fi.‘s’oll’&fﬁhz%"s‘?ﬂ{ﬁ‘ﬂ‘fg‘ﬁ A& rm l§utlﬁlrlcs) RHAE Sample material,
CoulomaRiETRHER o1 AP RNER e B s R TSS TN R T A SR by the
B clo of un. renctod mongmer. un-reacied comonomer, and/or dtent,  a(e- EXAMPLES
[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 stéges 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



[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 bathér properties. In the following examples, MVTR was
measured in accordance with ASTM F4249. A Mocon Permatron machine (model W 3/31) is used and
the meamaementl argy wmubizttiwe itallodiing bandititnsti@ SulbiplOMep relrtive, intlithly gakTR was
measured in accordance with ASTM D-3985. A Mown Ox-Trans machine (model 2/20) is used and the
measureeaeiors,are coatdenatitine 661l gued ngliioreacREsC andtipleo hisdhtipecsuuneidiéactd (@057 ]In the
following experiments, monolayer blown films were prepared using a single layer (mono) die, a
smooth ¢umbisrtionler highigirtssaie-with oup atdonigadiecpitorsheTheouwnultiphtioetBtdR) mag BeO which
equaled a 25.25 in layflat width. The standard output was 250 Ibs/hour hour and the target gauge was
1.75 milomiratédrirssamee qrizppamtlalsing a seated bubble and a consistent frost line height. Cooling of
the film was carried out using both IBC and chilled air. Multilayer films were prepared by coextrusion
using a [928]layeAdienrding dthoneraspettafatheddiat lgswie; riing) palytharbating. W ionsysteBhiaywas 2.0
which equaled a 25.25 inch layflat width. The standard output was 250 Ibs/ hour with a target gauge of
1 6 mil SamprBait. leastayeddim Somprisetbn HDEE rekitomymahetmiariss 3aatifaiher thoalZdntal
thickness, a HDPE core layer that was 52% of the film thickness and a LLDPE skin layer that was 15%
of the tdesimsinMblmes sliflepnt\datalyst 400 58lohatignany (sitiventitaet menpbdysintingonbipifedtdram W.R.
Grace under the name MAGNAPORE 963 and activated in a 42-inch commercial activator via three
differeniosi teagtor svhersi politowizatipHogcand FGenerall condiRiE) wexesses vasgcosiprsththe
procedures disclosed herein for the formation of an OROC. Specifically, activation of the catalyst using
the P(lIy@rtinuons dnodhvtiom efisrmotmiys ot atdySe sitida ftdusat datalgspdlymenigitigrnt iteatson perature
up at a rate of 2.6 degF/min. to 829C (1525F) in air over a period of 8 hours and then holding the

temperangt¢hacepimipus 2empvial fioforthisusactorTdfx anspersivre noinstisitgpolyrikriatighes and the
catalyst was first held in 10 mol% carbon monoxide in nitrogen for 2 hours at 829C (1525F), and then
held in HierdguenforRepctorsflispo @4y 525Tashadi¢o lemenadhthsoliehpobyater éromabd Aidaiisakat the
catalyst was treated in air for 3 hours. Activation of the catalyst using the P(lll) procedure involved
heatingcaBWiiss Bfetlddh@nbitiventitaeri arciioalgstopomenniMatims seahehigies upyob88ed(kGahis) in air
over a period 24 of 8 hours. The catalyst was then held at 829C (1525F) in air for 2 hours. After
flushingaparatienastepiinchadigebytthet didtgd toy dnsiungattatchvaittinbOudeciity carnbination @fitieain
nitrogen for 2 hours at 829C (1525F), and then held in nitrogen for 4 hours at 829C (1525F). After
loweringddidor napdraprassuce 7 881005 0Fepatatioat Ay styaertie setibin air feitlRhaureydR@BOKR(1) was
activated by a "conventional procedure” which consisted of heating 450 Ibs of the Cr/silica-titania
catalyshysreayssing; rseparpidon foy centrifuga@®.(1525F) in air over a period of 8 hours, then holding
the temperature at 829C (1525F) in air for 8 hours. [0060]These catalysts were then tested in a bench
scale r¢@026} to détdtolymetizaticacvisesnthiso limuevp espiheiparticle doticuprothss)nitdisdosgahtential.
Pdlymerization runs were made in a 2.2 liter steel reactor equipped with a marine stirrer rotating at 400
rpm. Tiher resampleyain sl uPatent D es.sB248tRt doi0h985g BSilifd THSthAA6/9Th 6,23MPestion to a
steel condenser. The boiling point of the methanol was controlled by varying nitrogen pressure applied
to the éotalhdbrndd,Biét Sydaicthqfevhiidhed inerixerdtch perefarence rits tmtirthithérelha degree
centigrade, with the help of electronic control instruments. [0061]A small amount (0.05 to 0.12 grams
normall§92tlthe shiidabltalilsemasisidtiotshugydpuhareritiigeimtbute buy seantarlidéxt fotliters of
isobutane liquid was charged and the reactor heated up to the desired temperature, 105C. Ethylene
was themsetded beitiy pebuterited qndl hyiirechibass that eyg, hgtidsigndenicbastin neaintitioas] during
the experiment. The stirring was allowed to continue for around one hour, and the activity was noted
by recixtingpkredfosititdendilenatinincibder darttaremondintiaid tog kedrovasiseie 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



E)Opoeenzgg\fttgrrg; \?;I:);tzc: atimtla, thelethylene flow was stopped and the reactor slowly depressurized and
nular polymer powder. In all cases the reactor was cl ith no indication
any wall scale, coating or other forms of foulin Cron romoved and <!
' e, g. The polymer 25 powder was then d
weighed. Activity was specified as grams of i efiesatall
_ _ polymer produced per gram of solid catalyst charged
hour. [00631Table 1 summarizes the activity of théZatalysts produced by these activ;’tion prgcedffés

and the physical properties of the h : :
T e s i oY AL T
o i sa SRR e o e
Lnodrﬁ;éjaaéglg 1 ActivityMw Activation Procedure gPE/g-h MI (dg/min) (Jfglmol rgglnéYv\_/; PZ&ZQ er melt
oGl b 43 Paseasack) BB 4YsEmyEay employ & contintiots recycle stream
containing one or More Monomers continuously cycled through a fluidized bed in the presence
of the catalyst under polymerization conditions. A recycle stream may be withdrawn from the
fluidized bed and recycled back into the reactor. Simultaneously, polymer product may be
withdrawn from the reactor and new or fresh monomer may be added to replace the
polymerized monomer. Such gas phase reactors may comprise a process for multi-step gas-
phase polymerization of olefins, in which olefins are polymerized in the gaseous phase in at
least two independent gas-phase polymerization zones while feeding a catalyst-containing
polymer formed in a first polymerization zone to a 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



8.7 0.1543 P(lll) 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 104C (220F) 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. Si was a polyethylene resin having d nelt 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 PFSEGESS mepnamaesmay bl enplaysimdidesisedpSrtomnnemenmeaytbstbrbagly indheseapas
comparative resins. Cl was produced from a high density polyethylene blown film resin, HiD 9659, with
a melt ifi8geWnte senitct withy/thencatalxtigsrpreimt adoitueh filg theanessnpolge whdemrs MAgUitn grade
ALATHON M6210 with a melt index (MI) of 1.0 dg/min; and C5 was produced from high density
polyethyRaterighvinhei pelratization oS vsdeindd vk terepelatiess(wd pfessOrgs thih willDesult
in the formation of a solution of the polymer in a reaction medium. Agitation may be
employed to obtain better temperature control and to maintain uniform polymerization mixtures
throughout the polymerization zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization. These reactors are known in the art.
[0031] Polymerization reactors suitable for the present disclosure may further comprise any
combination of at least one raw material feed system, at least one feed system for catalyst or
catalyst components, and/or at least one polymer recovery system. Suitable reactor systems for
the present disclosure may further comprise systems for feedstock purification, catalyst storage
and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage,
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.



2?652(;?nﬁjmmelgcially_?v;ila:cble from Chevron Phillips Chemical Company while the ALATHON resins
ercially available from Equistar Chemicals, LP. performance and [ isti

. f . , LP. processing charact

of these resins are summarized in Table 2. Table 2 The film RESIN dg/min Ml Dengity g,kc I\(/Ie\rﬁ'tlg:S

gemil/100 in2/day Bubble Stability 1=good; S= :
Current amps S1 y 1=000d; pocl)ér‘Head Pressure Psi Motor Load HP % Full Load

Polymerization reactors can also be operated in a supercritical region occurring at generally
higher temperatures and pressures. Operation above the critical point of a pressure/temperature
diagram (supercritical phase) may offer advantages.

[0034] In an embodiment, a slurry polymerization process is employed in which the
catalyst is suspended in an inert organic medium and agitated to maintain it in suspension
throughouf the polymerization process. The organic medium may, €.g., be a paraffin, a
cycloparaffin, or an aromatic. For the production of ethylene polymers, the slurry
polymerization process may be carried out in a reaction zone at a temperature of from 50°C to
110°C and at a pressure in the range of from 100 psia to 700 psia or higher. At least one
monomer is placed in the liquid phase of the slurry in which the catalyst is suspended, thus
providing for contact between the monomer and the catalyst. The activity and the productivity
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
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density. Hydrogen is used to control product molecular weight. Co-catalysts can be used to
alkylate, scavenge poisons and control molecular weight. Modifiers can be used to control
product properties and electron donors affect stereoregularity. In addition, the concentration of
poisons must be minimized since they impact the reactions and product properties.
[0037] After polymerization, additives and modifiers can be added to the polymer to
provide better processing during manufacturing and for desired properties in the end product.
Additives include surface modifiers such as slip agents, antiblocks, tackifiers; antioxidants such
as primary and secondary antioxidants; pigments; processing aids such as waxes/oils and
fluoroelastomers; and special additives such as fire retardants, antistats, scavengers, absorbers,
odor enhancers, and degradation agents.
[0038] In an embodiment, an OROC is 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
£/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.
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[0041] In an embodiment, a polymer composition (e.g., polyethylene) produced using an
OROC has a Recoverable Shear Strain Parameter (RSP) in the range of from 220 to 370,
alternatively from 250 to 350, or alternatively from 270 to 330. A quantitative measurement of
the rheological differences among various polymer resins is the estimation of the RSP.
Recoverable shear strain for a rubberlike material is defined by Equation (1):

RSP =]—2V;‘- 1)

where N, is the first normal stress difference and 7 is the shear stress. Details of the

significance and interpretation of Equation (1) may be found in: J. M. Dealy, K. F. Wissbrun,
Melt Rheology and its Role in Plastics Processing: Theory and Applications ,Van Nostrand
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):

LG
¥

RSP @

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



[00661Resins Si and 52 exhibited increased bubble stability when compared to the C4 and C5 resins

* while the films displayed comparable barrier performance as indicated by the MVTR values. Although
the Cl resin displayed a higher bubble stability than the Si or S2 resins, films produced using the Si or
S2 resins displayed improved bather performance as indicated by the lower MVTR when compared to
films produced using the Cl resin. Furthermore, thdprocessing characteristics of the Si and S2 resins
were improved when compared to the CI, C4, or C5 resins. Specifically during processing Si and S2
resins WisETp e s brradio We thectiansiéen urgionobawasot diewtatiamaddomwerdulhiway my stemts.
Therefore, the resins produced as described herein (i.e. using an OROC) could allow a converter to
run the féSnfas & PelBIsy e fiths divnusass Mlependente difphsy KiseTsitperfotheanclyuempaFhble to a
co-extruded film that combines, for example, a 2 Ml with a 1 Ml resin. In some commercial films, a
sealing fa§elogical breadihds aduncsinnofitberialasation fangidistributiopef semiympehresioorisitds for the
final use. In such cases, co-extrusion would be required anyway. However, even in such cases, the
resins pibHURda afustienvd dhearsin melegulagstMWROT prebiirg taowlhe CYrvprrametenaiteya film
structure with the required MVTR performance with fewer resins. For example, a manufacturer may be
able to RécRRaiNed Ryshssyming dhei Govcers mlrand el anited by figing dlavreurnies geyeratichimhaving
user ang/or process desired properties rather than resorting to co-extruded films that require more
care anHSABNIRARIRSfo dvBemis Lo siiRiory thEcgusher SeerIrexmiTEmanisovathpcasslified
characteyistics qf the polymer resins produced as described herein may allow a manufacturer to
improve- ARSI (E rmeds anish dniranesenied bnBaustion My costs. EXAMPLE 3
[0067]Polymer resins with different Ml values, designated samples Sl -S10, were produced according
to the methods disclosed herein andée__%e ipglthﬁ]irfjoperties and film performance. Comparative
resins were also rested for their propertiestan fifm performance. Specifically, Cl was prod dd from
high density pglystaylene blown film resin HiD 9659 with a melt index (MI) of 0.99 dg/min; C2 was
produced fromzauighisleas (PP thylene blown film resin HiD 9659 with a melt index (MI) of 1.02
dg/min; C3 wag pr igh density polyethylene blown film resin HiD 9659 with a melt index

gem
(MI) of 1.06 dg/min; roduged from high density polyethylene MIVIW film ALATHON M6210
with a melt ingéx 3&%}3 %b%%%%lp 2R g’%éas roduced from high density polyethylene MMW film
ALATHON M6020 With a1 e (fﬂ%ﬁ" SSI0QRAHP RIS ISUOMEESINEs of MI, HLMI,
ratio of HLMI/NA}, Geresipheax/viggasity (PZR)ddedimeinthd Mewhesianedatsaahd films produced from these

resins. n = power law c3B18RORITRRN T Shinallfl p WRHRSHIR SR AR gfrformance as
indicated by the lower MVTR and OM values. The increase in bather properties increased as the Ml

values [pedane gRAtRE INaR b/ Mt E YHD AEHealAgiFal HAReHis T Shnss saEPles

were tested and the results summarized in Table 4 which provides the zero shear viscosity Ec, the

relaxatidaidinefline Him¥aaeurnaiapiisaicitahbeedibaar sty SRagyRRle Strain
parameter (RSP). The power law constant n defined in Equation (3) was set to 0.1818. Table 3
RESIN(GhAaMmM®. 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° Pa-s, alternatively from 1x10* Pa's to 8x10* Pa's, 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,
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for polymer melts, the zero shear viscosity if often a useful indicator of processing attributes
such as melt strength in blow-molding and foam technologies and bubble stability in film
blowing. The higher the zero shear viscosity, the better is the melt strength or bubble stability.

[0045] In an embodiment, the initial tension (IT) of the polymer resin satisfies Equation
4):

IT>-1.67xMI+b 4)
wherein parameter b is equal t0 5.17, alternatively 5.42, or alternatively 5.67.

IT is the force required to elongate a polymer strand under specified flow and draw rates. IT
is a characterization of the resin extensibility by measuring the force associated with drawing
a filament extruded at a constant flow rate through a standard melt indexer. Molecular
parameters that affect the IT test include molecular weight, molecular weight distribution,
long chain branching, crosslinking, additives, and short chain branching. In this disclosure,
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.
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[0047]  In an embodiment, the polymer resins of this disclosure are fabricated into a film.
The films of this disclosure may be produced by any suitable method and under any suitable
condition for the production of films. In an embodiment, the polymer resins are formed into
films through a blown film process. In a blown film process, plastic melt is extruded through
an annular slit die, usually vertically, to form a thin walled tube. Air may then be introduced
via a hole in the center of the die to blow up the tube like a balloon. Mounted on top of the
die, a high-speed air ring blows onto the hot film to cool it. The tube of film then continues
upwards, continually cooling, until it passes through nip rolls where the tube is flattened to
create what is known as a lay-flat tube of film. This lay-flat or collapsed tube is then taken
back down the extrusion tower via more rollers. On higher output lines, the air inside the
bubble is also exchanged. This is known as Internal Bubble Cooling (IBC).
[0048] The lay-flat film is then either 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
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may be extruded at a decreased extrusion pressure 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. The extrusion pressure was measured by the
extruder’s melt pressure transducer.
[0050] For example, a polymer resin produced as described herein during processing
may display an extrusion pressure that is decreased by equal to or greater than 30%,
alternatively equal to or greater than 25%, alternatively equal to or greater than 18% 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. Such
comparative catalysts may be conventional catalyst systems such as chromium-based
catalysts or Ziegler Natta catalysts. In an embodiment, the comparative catalyst is an
otherwise similar catalyst that has undergone 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.
10052]  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
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around the axis formed by the die center) or movement of the bubble relative to the die which
is random in nature. These instabilities cause poor gauge distribution (i.e., variations in film
thickness) and may also result in process interruptions that will generally lead to a reduction
of the quantity of acceptable film that is produced. Bubble stability is a qualitative metric
which may be rated on a scale of 1 to 5 wherein 1 indicates good bubble stability and 5
indicates poor bubble sfability. Polymer resins of the type disclosed herein may, during the
production of blown film, display a bubble stability of from 2-3 while otherwise similar
resins prepared with a catalyst that has not undergone an activation comprising an oxidation,
reduction, oxidation sequence may have bubble stabilities rated from 4-5.

[0053] In an embodiment, films formed from PE compositions of this disclosure may
display enhanced barrier properties. For example said films may display reduced moisture
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 in’/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.
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[0055] In an embodiment, film produced from the polymer resins of this disclosure have
an OTR in the range of from 120 cubic centimeters per 100 square inch per day (cm3/ 100
in%day) to 170 cm*100 in’/day, alternatively from 120 cm®/100 in*/day to 150 cm’/100
in%/day, or alternatively from 125 cm? /100 in*/day to 140 cm>/100 in’/day day as measured in
accordance with ASTM D3985. OTR is the measurement of the amount of oxygen gas that
passes through a film over a given period. Testing may be conducted under a range of
relative humidity conditions at a range of temperatures. Typically, one side of the film is
exposed to the oxygen. As it solubilizes into the film and permeates through the sample
material, nitrogen sweeps the opposite side of the film and transports the transmitted oxygen
molecules to a coulometric sensor. This value is reported as a transmission rate. When this
rate is multiplied by the average thickness of the material, the results are considered a
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.
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+ (i.e:, Si-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 Cl, C2 and C3 but smaller than that of
comparative samples C4 and C5. Comparative samples Cl, C2 and C3 are produced by Ziegler-Natta
29 catalysts, which without wishing to be limited b¥theory produce resins with increased long chain

branchirig%g’_qCB) when compared to resins produced using chromium-based catalysts. The decrease
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breadth, Table 4 RESIN Test #
layer (mono) die, a smooth bore extruder, a dual lip air-ring, and a 60 mil, die pin. The blow up

ratio (BUR) was 2.0 which equaled a 25.25 in layflat width. The standard output was 250
Ibs/hour hour and the target gauge was 1.75 mil. The films were prepared using a seated bubble
and a consistent frost line height. Cooling of the film was carried out using both IBC and
chilled air. Multilayer films were prepared by coextrusion using a three layer die, smooth bore
extruder, dual lip air-ring, and a 60 mil. die pin. The BUR was 2.0 which equaled a 25.25 inch
layflat width. The standard output was 250 1bs/ hour with a target gauge of 1.6 mil and 2.5 mil.
A trilayer film comprised a HDPE skin layer that was 33% of the total film thickness, a HDPE
core layer that was 52% of the film thickness and a LLDPE skin layer that was 15% of the total
film thickness.
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(I), and P(IlI). P(II) and P(Ill) were activated using the
procedures disclosed herein for the formation of an OROC. Specifically, activation of the
catalyst using the P(II) procedure involved heating 450 Ibs of the Cr/silica-titania catalyst by
ramping 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(III) 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
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of 8 hours. The catalyst was then held at 829°C (1525°F) in air for 2 hours. After flushing out
the air with nitrogen, the catalyst was contactéd with 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 788°C (1450°F), the catalyst was treated in air for 3 hours.
[0059] P(I) was activated by a “conventional procedure” which consisted of heating 450
1bs of the Cr/silica-titania catalyst by ramping the temperature up to 829°C (1525°F) in air over
a period of 8 hours, then holding the temperature at 829°C (1525°F) in air for 8 hours.
[0060] These catalysts were then tested in a bench scale reactor to determine their activity
and polymer properties, in particular the melt index potential. Polymerization runs were made
in a 2.2 liter steel reactor equipped with a marine stirrer rotating at 400 rpm. The reactor was
surrounded by a steel jacket containing boiling methanol with a connection to a steel condenser.
The boiling point 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
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powder was then removed and weighed. Activity was specified as grams of polymer produced
per gram of solid catalyst charged per hour.

[0063] Table 1 summarizes the activity of the catalysts produced by these activation
procedures and the physical properties of the homopolymers produced by these activated
catalysts which were the melt index (MI), molecular weight (MW), polydispersity index (PDI),
and Carreau Yasuda ‘a’ parameter (CY-a) defined by Equation (3).

[0064] Catalysts activated using the procedures disclosed herein, P(I) and P(III), displayed
catalyst activity comparable to the catalyst activated by the conventional procedures, P(I), but
produced resins with a higher melt index (MI). It was notable that P(II) which was activated at

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(I) 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. C1 was

produced from a high density polyethylene blown film resin, HiD 9659, with a melt index (MI)
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of 1.0 dg/min; C4 was produced from high density polyethylene MMW film grade ALATHON
M6210 with a melt index MD) of 1.0 dg/min; and C5 was produced from high density
polyethylene MMW film grade ALATHON M6020 with a melt index (MI) of 2.0 dg/min. HiD
9659 is commercially available from Chevron Phillips Chemical Company while the
ALATHON resins are commercially available from Equistar Chemicals, LP. The film

performance and processing characteristics of these resins are summarized in Table 2.

Table 2
Bubble Head Motor % Full Load
RESIN MI Density MVTR Stability Pressure Load Current
gmil/100  1=good;

dg/min g/cc in*/day 5=poor Psi HP amps

S1 20 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 37.5
C5, comparative 2.0 0.9590 0.25 5 1770 18 37.4

[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 Ci,
C4, or C5 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
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required to provide the film structure with the proper sealing characteristics for the final use. In
such cases, co-extrusion would be required anyway. However, even in such cases, the resins
produced as described herein (i.e. using an OROC) would allow the converter to make a film
structure with the required MVTR performance with fewer resins. For example, a
manufacturer may be able to reduce the resin types and inventory due to the ability to
manufacture monolayer films having user and/or process desired properties rather than
resorting to co-extruded films that require more care and effort during processing to achieve the
desired structure. The improved processing characteristics of the polymer resins produced as
described herein may allow a manufacturer to improve manufacturing efficiency and positively
impact manufacturing costs.

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
MI, HLM], ratio of HLMI/MI, density, MVTR, and OTR determined for these resins and films

produced from these resins.
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[0068] Resins S1-S10 exhibited improved barrier performance as indicated by the lower
MVTR and OTR values. The increase in barrier properties increased as the MI values became
greater than 1.0 dg/min. Furthermore, the rheological properties of these samples were tested

and the results summarized in Table 4 which provides the zero shear viscosity E,, the
relaxation time T, the CY-a parameter (theological breadth parameter), and the recoverable

strain parameter (RSP). The power law constant 7 defined in Equation (3) was set to 0.1818.

Table 3
RESIN MI HLMI HLMIMI Density MVTR OTR
dg/min _ dg/min g/ecc  gmil/100 in*/day cm>/100 in*/day
Si 1.97  107.83 5474  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 09622 0.32 169.00
S4 1.29 80.68 6254  0.9638 0.24 137.00
S5 1.33 87.48 65.77  0.9644 NA NA
S6 1.46 92.66 6347  0.9650 NA NA
S7 1.75  102.99 58.85  0.9646 NA NA
S8 208  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 035 185.00
C4, comparative  1.00 75.13 75.13 09596 0.30 132.00
C5, comparative _ 2.00 88.02 4401 09590 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
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 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 are280$sible 30 and are within the scope of the
invention. Where numerical ranges or limitations are expressly stated, such "%xéﬁress ranges or

limitatio FR/RI SV HECtnERe Wi iR (9aReiiPar bX gD PRAGHSRJRSIRY ML RGIFtede ?a6ing
within the expressly.sta (Lag:ranges or limitations (e.g., from 1 tQ 10, includes, 2, 3, 4, etc.; greater than
0.10 incfg‘ﬁ& {b‘%ﬁﬁ‘ﬁi Eé,"iél}‘c’:‘.*).%BW@SFQTFBlé?%ﬁeHWEF%ﬁdtﬁlﬁérFéHPf%ﬁéﬁWﬁ@%@g&tﬁmit, RL,
and an ypper limit, Ry, is dis¢losed, any number falling within the range is specifically disclosed. In
particul AP RRReRSRE Rirtert VAPRR SHEBET GRS RPN RISST SRR,
wherein k is a vgar{lab era inég%f{ m 1 percent to 100 percent with a 1 percent increment, i.e., kis 1
percent,"?’ﬁ’gfg AteS ﬁ%‘? b [?brcent, 5 percent, ..... 50 percent, 51 percent, 52 percent, ..... , 95
percent, 96 percent, 97 percent, 98 percent, 99ﬁ§,|§§ t, or 100 percent. Moreover, any numerical
range defined by two R numbers as defined in t ve is also specifically disclosed. Use of broader
terms s omprises—ncludes—having —should be understood-to-provide-support-foernarrower
terms such a isting of:rféhsisting essentially of, gpmprised supstantially of, etc.

[0071]Accordi g,ﬁﬂie scope#of protecm is not limited by the descfiption ofit aboRSBut is only
limited by the claims which follow, thdighsdpe includitg’@aequivalends of the subject matter of the
claims. Each an% every claim is incor ed into the cificatio ne iment e present
invention. Thus, l11e claims are a furthpgb?escription a§'§§are an a@ﬁ‘gflﬂ to rﬁi%ggr?bodir%té{gts of the
present inventioB2 The discussion of alptiblication heréilis not af-86fdissidh 3 it is g art to the

present inventiogz especially any refergrage that may Rayg a publigatige dalg gitey the gAgrity date of
this application.SISl What is claimed isl: 29

6.97 0.1097  0.1707 327

S5 1.33 6.35 0.0946 0.1729 317

S6 1.46 549 0.0797 0.1738 273

S7 1.75 2.23 0.0292  0.1832 308

S8 2.08 3.56 0.0511  0.1788 302

S9 2.09 3.47 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 02104  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
CS5, 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



1.A method comprising: (a) providing a catalyst comprising chromium and a support having a pore
volume of from about 1.7 ml/g to about 3.5 ml/g and a surface area of from about 450 m2/g to about
700 m2 /g; (b) oxidizing the catalyst at a temperature of from about 500 C. to about 900 C. for a
period of time of from about 1 hour to about 12 hours in an oxidizing atmosphere comprising from
about 5 mol. % to about 100 mol. % oxygen to forAPan oxidized catalyst; (c) reducing the oxidized
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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.



from a_bout 0.01 wt. % to about 10 wt. % chromium by weight of the catalyst. 8.The method of claim 1
wherein the catalyst further comprises titanium. 9.Thg method of claim 8 wherein titanium is present in
an ampunt of from about 0 wt. % to about 8 wt. % by weight of the catalyst. 10.The method of claim 8
vv_hereln_ titanium is introduced to the catalyst by contacting with TIOSO4, titanium tetraisopropoxide,
T|CLlJ3,_ T|$I3,WE3@4>¥3‘,WRQ?Um peroxo complex, titanyl acetylacetonate titanium oxylate and
combinations thereof. 11.The method of claim 1 further comprising ramping the temperature in (b), (c),
(()t:)(d) gt a rale (Zf ;‘rﬁﬂrﬁ‘ifﬂ%f’@‘.’lpﬁf}’?ﬁfn to 10 C./min. 12.The metr?od ofpclagi]m 1 furth%r comprisi(ng) a(ftt)-:-r
and prior to (c), flushing .out the xigizin at.moslg)rhere Wi A0 ' 3 ORSvik .ﬁljg}@tbaqrﬁggprising:
T I a catalyst comprising chromium 1
(@) providinga cal LS g T %@ﬁmygm_ﬁ%ﬁ&mmout L7
ml/g to aboumgr%_ mlig and a Surface area ol{%rom about 450 leg to about 700 m2/g; (b) oxidizing
the catalyst {0 §tm an oxidized catalyst; (c) reducing the oxidized catalyst to form an oxidized
reduced catalyst; ) (Cli@¥idizing daipuidizadnpaiane sRERNSIBOV0S0DE0. activaie9aottalysss ()
contacting the aefiypled watabstauih apalefineirder sesditionhcustdbladookidiniagpatyoigerand
(f) recovering dhgriplyatefinansiesaitolw podyolefindmsladdensiisnab Goeatar thitizedourly 850 g/cc and
a r_m_alt index of from about 1.3 g/10 min. to about 2.8 g/10 mm. 14.The method of claim 13 wherein the
oxidizing in (b) is ceeyisdiwtib@tise taxifiecdteralpstirom bpet:300 Of foabakrHC. Forte FOMbd of time
of from aboweAhEufdcagiedat b tiBR: b famnboutokhtiniig m&&m%mmg&%wm 5 mol. %
to about 100comubrisingxyomrabas. SThwlristioabort iHihmal\Jhsaherdosdadm i @ x4i7sdd out at a

temperaturerefluced catalyst;

(d) oxidizing the oxidized reduced catalyst at a temperature of from about 500° C. to
about 900° C. for a period of time of from about 1 hour to about 10 hours in an oxidizing
atmosphere comprising from about 5 mol. % to about 100 mol. % oxygen 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
about 0.960 g/cc and a melt index of from about 1.3 g/10 min. to about 2.8 ¢/10 min.

2. The method of claim 1 wherein the olefin comprises ethylene and the polyolefin
comprises polyethylene.

3. The method of claim 1 wherein the support comprises an inorganic oxide, silica,
silica-titania, alumina-titania, aluminophosphates, magnesia, zirconia, silica-zirconia,
alumina-zirconia, ceria, ceria-zirconia, clay, zeolites, or combinations thereof.

4. The method of claim 1 wherein the support has an average particle size in the range of
from about 5 um to about 500 pm.

5. The method of claim 1 wherein the support is present in the catalyst in amounts of
from about 50 wt. % to about 99 wt. % support by weight of the catalyst.

6. The method of claim 1 wherein the chromium is introduced to the catalyst by contact
with a water-soluble chromium compound, hydrocarbon-soluble chromium compound,
chromium trioxide, chromium acetate, chromium nitrate, tertiary butyl chromate, a diarene
chromium (0) compound, biscyclopentadienyl chromium(II), chromium (III) acetylacetonate,
a chromium (II) compound, chromium (III) compound, a chromium (VI) compound,
chromium carboxylates, chromium naphthenates, chromium halides, chromium pyrrolides,
chromium benzoates, chromium dionates, chromium nitrates, chromium sulfates, chromium
(IlI) isooctanoate, chromium (III) 2,2,6,6-tetramethylheptanedionate, chromium (III)
naphthenate, chromium (III) chloride, chromium (III) tris(2-ethylhexanoate), chromium (III)



from about 700 C. to about 900 C. for a period of time of from about 1 hour to about 12 hours in a
reducing atmosphere comprising from about 5 mol. %5 to about 100 mol. % carbon dioxide. 16. The
method of claim 13 wherein the oxidizing in (d) is carried out at a temperature of from about 500 C. to
about 900 C. for a perlod of time of from about 1 hour 0 bout hours |n an oxidizin phere
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the polyolefin is defined by the equation ITh-1.67*(MI)+b where b is 5.17; and wherein the polyolefin
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oxidation, reduction, oxidation sequence.
The method of claim 1 wherein the catalyst further comprises titanium.

9. The method of claim 8 wherein titanium is present in an amount of from about 0 wt.
% to about 8 wt. % by weight of the catalyst.

10.  The method of claim 8 wherein titanium is introduced to the catalyst by contacting
with TiOSO,, titanium tetraisopropoxide, TiCls, TiCls, Ti(SO4)3, titanium peroxo complex,
titanyl acetylacetonate titanium oxylate and combinations thereof.

11. The method of claim 1 further comprising ramping the temperature in (b), (c), or (d)
at a rate of from about 0.1° C./min to 10° C./min.

12.  The method of claim 1 further comprising after (b) and prior to (c), flushing out the
oxidizing atmosphere with an inert gas.

13. A method comprising:

(a) providing a catalyst comprising chromium and a support having a 2pore volume of
from about 1.7 ml/g to about 3.5 ml/g and a surface area of from about 450 m“/g to about 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

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

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

15.  The method of claim 13 wherein the reducing in (c) is carried out at a temperature of
from about 700° C. to about 900° C. for a period of time of from about 1 hour to about 12
hours in a reducing atmosphere comprising from about 5 mol. % to about 100 mol. % carbon

dioxide.

16.  The method of claim 13 wherein the oxidizing in (d) is carried out at a temperature of -
from about 500° C. to about 900° C. for-a period of time of from about 1 hour to about 10
hours in an oxidizing atmosphere comprising from about S mol. % to about 100 mol. %

oxygen.

17.  The method of claim 13 wherein the olefin comprises ethylene and the polyolefin
comprises polyethylene.

18.  The method of claim 1 further comprising forming the polyolefin into a film having a
moisture vazpor transmission rate of from about 0.21 g.mil/100 in%day to about 0.33

g.mil/100 in“/day.

19. The method of claim 1 forming the polyolefin into a film having an oxygen
transmission rate of from about 120 cm*/100 in%day to about 170 cm>/100 in’/day.

20.  The method of claim 1 wherein the polyolefin has a zero shear viscosity of from about
1x10* Pa*s to about 1x10° Pa*s, a recoverable shear parameter of from about 220 to about

370, and a CY-a parameter of from about 0.155 to about 0.200.

21.  The method of claim 1 further comprising extruding the polyolefin and forming a film
having a moisture vapor transmission rate of from about 0.21 g.mil/100 in%/day to about 0.33

g.mil/100 in*/day,

wherein an initial tension of the polyolefin is defined by the equation ITZ-1.67*(MI)+b
where b is 5.17; and

wherein the polyolefin has a percent decrease in the extrusion pressure of about 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.



