TI TLE METHODS OF PREPARI NG A POLYMERI ZATI ON CATALYST FI ELD [ 0001] The
present disclosure generally relates to polynerization catalysts. Mire
speci fi cavbypioitoes7pr esent di scl osure rel ates to net hods pafi/ysec@panimg a
chrom um supported pol ynerization catal yst. BACKGROUND [ 0002]

Pol yrmeri zation catal ysts are known, however nethods of producing these
catal ysts may suffer froma vari et yTOFLEIr awbacks. Enhancenents in
preparation nethods for polynerization catalysts can reduce the costs
associ at ed w t MEEHAGDSOF PREPARING AFOIL YV NMERIZA TION €33 AdCYSDmi ¢cs. Thus,
there is an ongoi ng need to devel op new net hods of preparing polynerization
catal ysts. SUVWMARY [0003] Di sclosedFigumein is a nethod conprising (a)
contacting a support and a chrom untontai ni ng conpound to form a

chr om urfeedant aiThe Npresenp Atclosuieb pereellly fellat to@olyhrRrigdtion NtddIH@Nt aMdtdg
support in an oxidizing atnosphere to forma treated support, (c)

cont act ispgificaky, the pteseht SdigeRRiide 18latel t6 ahdIRIUs MBINRa€ifg taOcHr SR sigpo@Nt act ed
support, and (d) contacting the CO contacted support with hydrogen to form

a cat al ¥slymelif@A Latdly§0 di scl osed herein is a nethod conprising oxidizing a
chromumtreated support to forma polynerization catal yst, contacting the
pol yneri zation catal yst with carggogeremm®e to forma reduced

pol ymeri zation catal yst, contacting the reduced pol yneri zati on catal yst
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the activated
may suffer from a variety of drawbacks. Enhancements in preparation methods for

polymerization catalysts can reduce the costs associated with catalyst production and improve
process economics. Thus, there is an ongoing need to develop new methods of preparing
polymerization catalysts.
SUMMARY

[0003] Disclosed herein is a method comprising (a) contacting a support and a chromium-
containing compound to form a chromium-containing support, (b) heat treating the chromium-
containing support in an oxidizing atmosphere to form a treated support, (c) contacting the
treated support with carbon monoxide to form a CO-contacted support, and (d) contacting the
CO-contacted support with hydrogen to form a catalyst.

[0004] Also disclosed herein is a method comprising oxidizing a chromium-treated support
to form a polymerization catalyst, contacting the polymerization catalyst with carbon monoxide
to form a reduced polymerization catalyst, contacting the reduced polymerization catalyst with
hydrogen to form an activated polymerization catalyst, and contacting the activated
polymerization catalyst in the absence of a cocatalyst with ethylene in a reaction zone under
suitable reaction conditions to form a random copolymer wherein a comonomer is produced in

situ.



pol ymeri zation catalyst in the absence of a cocatalyst with ethylene in a
reaction zone under suitable reaction conditions to forma random copol yner
wherei n awoanoviomss i s produced in situ.[0005] Further @csaiSosemodiesein is
a nmet hod conprising reducing a polynepization catal yst conprising Cr(Vl) to
forma polynerization catalyst conprising Cr(1l), and treating the

pol ymer i[a@s| on Fuathad diglosedhgreinsd agelBod tomhprisinghredug thgagmtymddEFdn @RIyst

DESCRI PTI ON [0006] It should be understood at the outset that although an

i |1 ustr aompAsihgNTr@MENS dbindra polymerezaton womlystecdqaisimgnCKIRr sndpirantinglabe bel ow,
the disclosed systens and/or nethods may be inplenented using any nunber of
t echni qypsmeriBfioh @ik stico@ptitirg KAYWitBhydrogeaxi st ence. The di scl osure shoul d

inno way be limted to the illustrative inplenentations, draw ngs, and
techniques illustrated bel owpETMIBDIDESGRIETEXENP! ary designs and
i npl ementations illustrated and described herein, but may be nodified
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equi val ents. [0007] Disclosed herein are nethods of preparing supported
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nonoxi de (CO) followed by hydrogen (H), referred to herein as COH
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conpri ses contacti a support wth one or nore chrom um containing
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support eat treated to produce a treated support. The treated

support Jmay. ggsﬁfgﬁggga%egoaghog@ (i'ucd({)\@ré Jgg t%géﬁ;g{}«é RAgks A8 i&&?ﬁe{;@ti&{s(?ﬁ%ﬁ%e@

CO cont acte support may then be contacted with
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[0007] Disclosed herein are methods of preparing supported chromium catalysts that have
been contacted sequentially with carbon monoxide (CO) followed by hydrogen (H), referred to
herein as CO/H catalysts. In an embodiment, a method of preparing a CO/H catalyst comprises
contacting a support with one or more chromium-containing compounds to form a chromium-
containing support. The chromium-containing support may be heat treated to produce a treated
support. The treated support may then be contacted with carbon monoxide (CO) to produce a
CO-contacted support. The CO-contacted support may then be contacted with hydrogen to
produce a CO/H catalyst, which may be utilized as a polymerization catalyst.
[0008] In an embodiment, the CO/H catalyst comprises any suitable support. Examples of
suitable supports include without limitation silica, titania, alumina, aluminophosphate, or
combinations thereof. The support may have a surface area and pore volume effective to
provide for an active CO/H catalyst.

[0009] The support may be prepared using any suitable method. For example, an alumina

support may be prepared by precipitating sodium aluminate with or without a cation and



sui tabl e supports include without limtation silica, titania, alumna,

al um nophosphate, or conbinations thereof. The support nay have a surface
area and woneiwioi4rse effective to provide for an activeprPCOU2cianel7yst .
[0009] The support may be prepared usgng any suitable nmethod. For exanple,
an alum na support may be prepared by precipitating sodiumalumnate with
or W t hQuimifure & yield aarhehintinnixidet (alsy kadveh anbeghmite)muith @xhehaicfldbsmlkpbwn as
boehmte) with a chemcal fornula of (AIOOH). A silica support may be

pr epar eqAIGON). ex &R Lppdtymapbd preparaty faaexapie dy sosaiting anaquebussseluibkef i et al
silicate with an acid to forma silica hydrogel. The support may al so

i ncl ude [addaliinpialsilcasRament £id tafort @ silidh hadtugdl s @hy s@fpbaahayt die BO0EE
catal yst, such as thoria, magnesia, fluoride, silicates, sulfate,

phosphat ggitigid 6@ Rentt tHaBdy ot 28R%deB) affebBtile COADLAtAlEst, sueh axOfibria) afagousm,
thereof. [0010] The support may also contain additional netal oxides, such

as ti tarﬂugride%'snfe&@é, %ulfgagﬁlﬁsplﬁt&)%ﬁ&ﬁﬁ@ tit/and &R, blakezeollieese catshdtionnal
nmetal oxides may be added by any neans known in the art with the aid of
this disglosure, such as cogellation or inpregnation froman anhydrous or
aqueous solvent. In an enbodi ment, the additional netal oxide may be
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wei ght e suppo or"fromabout 1 wt.%to about 10 wt% or from about
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from about 1 wt.% to about 10 wi%, or from about 2 wt.% to about 8 wt%.

[0011] In an embodiment, the support may be present in the CO/H catalyst in an amount of

from about 50 to about 99 percent support by weight (wt.%) of the CO/H catalyst, alternatively

from about 75 wt.% to about 99 wt.%, alternatively from about 90 wt.% to about 99 wt.%.

Herein the weight percentage of support refers to the final weight percent of support associated

with the CO/H catalyst by total weight of the CO/H catalyst after all processing steps.

[0012] In an embodiment, the CO/H catalyst comprises chromium. Chromium may be

introduced to the CO/H catalyst via contacting one or more of the components of the CO/H

catalyst (e.g., the support) with a chromium-containing compound. The chromium-containing

compound may be one or more compounds comprising chromium in the hexavalent oxidation

state (hereinafter Cr(VI)) or comprising a material suitable for conversion to Cr(VI). In an

embodiment, the chromium-containing compound comprises a water-soluble chromium

compound; alternatively the chromium-containing compound comprises a hydrocarbon-soluble

chromium compound. The chromium-containing compound may be a chromium (II)



introduced to the COH catal yst via contacting one or nore of the
conponents of the COH catalyst (e.g., the support) with a

chrom umwonoayni4tg conpound. The chrom um cont ai ni ng cecpasedomayde one
or nore conpounds conprising chrom undin the hexaval ent oxidation state
(hereinafter Cr(Vl)) or conprising a material suitable for conversion to
Cr (V1) . compeynde hooivner({l]) cdreposhd,oor combiuatipas Hieregf.c oypekln d-hecompmi 4B a

wat er - sol ubl e chrom um conpound; alternatively the chrom um contai ni ng
conpounctompopds sieduda, butdwrooetrlboitedsto) chybreiuoheapbrxylates o¢hpeorome naphthenates,

chrom um cont ai ni ng conpound may be a chrom um (I1)conpound, chromum (I11)
c onpounchroniug diatiden adhiramiaint pyerolidds, clsomivabbenzeatesochrommufd dibhateso ohyomivgs

i nclude, but are not limted to, chrom um carboxyl ates, chrom um

napht henafres, chdmiuth widfhed, iod esmbmbiicndi thereqty r $pekifidedyomiomo(tily kobpnmdat es,
chrom um di onates, chromumnitrates, chrom um sul fates, or conbinations
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chromium (I11) isooctanoate, chromum (lIl) 2,2,6, 6-
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chloride, chromum (I1l) tris(2-ethyl hexanoate), chrom c fluoride, chrom um
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(I'11) acetyl acet onat e, romum(III) acet at e, romum (111) butyrate,
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sul fate, chr omum (I11) oxalate, chromum (I11) benzoate, chromum (I11)
pyrroli quﬁt‘@ an( tir) hedRhGHRY 3h@ lﬁlhr 15UFhtE, drdmiahl QITREEfated!
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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; chromium
acetate in water; chromium nitrate in alcohol; zerovalent organochromium compounds such as
pi bonded chromium complexes, for example, dicumene chromium and dibenzene chromium;
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.

[0013] The amount of chromium present in the CO/H catalyst may range from about 0.01
wt.% to about 10 wt.% chromium by weight of the CO/H catalyst, alternatively from about 0.2
wt.% to about 5 wt.% chromium, alternatively from about 0.5 wt.% to about 2 wt.% chromium,

alternatively about 1% chromium. Herein the weight percentage chromium refers to the final



include tertiary butyl chromate in a hydrocarbon Iiquid; chromumtrioxide
in water; chromum acetate in water; chromumnitrate in al cohol;

zer oval enwoangereoBr om um conpounds such as pi bonded clrcorsaomoTe exes,
for exanple, dicunene chrom um and di senzene chrom um or conbi nations
thereof. Pi bonded chrom um conpl exes are described in U S. Pat. No.

3, 976, 63%ightipershnti chranmuwrasecateddvitly the ehtelyariyeto meight ofthe catakysttafiesely .

[ 0013] The anmount of chrom um present in the COH catal yst nmay range from
about O.10dceptin®étdpe about 10 wt. % chrom um by wei ght of the CO H catal yst,
alternatively fromabout 0.2 wt.%to about 5 wt.%chromum alternatively
from abo0014). 5 Intan%nitedmizayta detidd 86 mépacing aGO/HI daaulysatom@isys admeiatingl 86
chromium Herein the weight percentage chromumrefers to the final weight
per cent suppcnivithnoas o0 @ioad eldtoinivntcéhigniagicahysinddyo fopinad ciwemiini-c@taitihg
catalyst after all processing steps [0014] In an embodinment, a method of
prepar i ngpporCtd suppart il the ORPhiGESosiiih@ Géhp@nad n&ynpajf&he/\nypéﬂpﬁn@u@y mor e
chrom um cont ai ni ng conmpounds to forma chrom um contai ni ng support. The

support @sdibkd Bereiil OMHe EBhEQTME dhdY B caGRARAL NN BY sSaRatM meth8d,! fsPexapipyi ousl y
described herein. The contacting nmay be carried out using any suitable

et hod, JiprioR¥AMRAER, MtipichtoWeBieSd)apEE, fill NeqRb&NimPREMESH, oRALR Eblbdnt
aqueous i npregnation, organic solvent i npregnatl on, nelt coating,

co- gel | i freghftfont 8 ltdaklﬂg, cb%eﬁ’lﬁgeanﬁ Rk nﬁfkroﬁle em@dlﬁﬁﬂﬂg Qtht supBYrt Ry be

precalcinéed prior to use in the preparation of a COH catal yst (e g., prior
to cont gglcaWidel (fiof B AP MMh& 91%’@%@61{1& Q@@?ﬁ%ﬁl}&p(ef g)rltm& he contact with

Ehrﬁm um cont ai ni ng support) exanpl e, the "suppor be pre;:a?ci ned
about - 30050 ' BRaRREERRENA ohy He ArdsIRS BRI LB -eF(‘fZ‘%%EB}g B om
about 50s‘3 lﬁ_r{) ﬁ}agEQH{eo%gQQ&rﬁ ﬁé ﬁ‘% gﬂg 89eser{§£ %FL&‘QPQEenﬂpFMQE th%?ar%?%%‘t 10

hour s, eag hour s rom a out hour to
about 3 &%lf Elgout I&%&%ﬂ fatgo% 1,06({16, grrt?om aboup E&) 8 'TI(P Bbout 800°C, or from about 500°C

to about 700°C for a time of from about 1 minute to about 10 hours, or from about 20 minutes
to about 5 hours, or from about 1 hour to about 3 hours. Thereafter, the precalcined support
may be contacted with a chromium-containing compound to form a chromium-containing
support.

[0015] The chromium-containing support may be heat treated to produce a treated support.

In an embodiment, the heat treatment is carried out a temperature ranging from about 400°C to

about 1,000°C, or from about 500°C to about 800°C, or from about 500°C to about 750°C, and
for a time period of from about 1 minute to about 24 hours, or from about 1 to about 10 hours,
or from about 2 to about 8 hours to form a treated support. Heat treatment of the support may
be carried out using any suitable method, e.g., fluidization, in an oxidizing atmosphere such as

for example in the presence of oxygen or air. Without wishing to be limited by theory, heat



may be contacted with a chrom um containing conpound to forma

chrom um cont ai ni ng support. [0015] The chrom um contai ni ng support may be
heat treawvedotiopt7educe a treated support. I n an enbodi memys2alododreat
treatment is carried out a tenperatureé ranging from about 4000C to about

1, 0000C, or from about 5000C to about 8000C, or from about 5000C to about
7500C, aredinfent ofy thei ¢heopmi-auitadfing sepporboayt regultrimen encreaasa o tite fovunbef s, or
fromabout 1 to about 10 hours, or fromabout 2 to about 8 hours to forma
t r eat ed upakent chrddeiain fdresesttimdrtcanlyst he support may be carried out using any
sui table nmethod, e.g., fluidization, in an oxidizing atnosphere such as for
exanpl e [j0o16] he Theasated cuppbrt@xayghsn tercontadted With tedbin dreRida gCOPtolpeoducera t ed by
t heory, heattreatnent of the chrom um containing support may result in an
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[ 0016] The treated support may then be contacted with carbon nonoxi de (CO
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carried out using any suitable nmethod, e.g., fluidization, at a tenperature
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1 mnute to about 10 hours, or from about 10 mnutes to about 5 urs, or
from abotalmd I anpmbedimsng the gontactWith Bydrogeg 1n¢aredpu a3, feapslatys 8ihdPBout 0. 1

about 25°C to about 750°C, or from about 100°C to about 500°C, or from about 150°C to about
350°C, for a time period of from about 1 minute to about 10 hours, or from about 10 minutes to
about 5 hours, or from about 30 minutes to about 2 hours, and at a pressure of from about 0.1
bar to about 50 bar, or from about 0.5 bar to about 25 bar, or from about 1 bar to about 3 bar.
The resulting material is a CO/H catalyst which may function as a polymerization catalyst
when employed in a polymerization reaction system.

[0018] In an embodiment, one or more of the steps described previously herein for the
preparation of a CO/H catalyst may be carried out in a reactor or reactor system. In an
alternative embodiment, one or more of the steps described previously herein for the
preparation of a CO/H catalyst may be carried out outside of a reactor or reactor system. In
such embodiments, one or more preparation parameters (e.g., contacting the CO-contacted
support with hydrogen) may be adjusted to facilitate formation of the CO/H catalyst. For

example the CO-contacted support may be treated with hydrogen to produce the CO/H catalyst.



bar to about 50 bar, or fromabout 0.5 bar to about 25 bar, or from about 1
bar to about 3 bar. The resulting material is a COH catal yst which may
functi on w6 2a10pOF478€r i zati on catal yst when enpl oyed i n &CpalSgomiwas i on
reaction system [0018] In an enbodi ngnt, one or nore of the steps
described previously herein for the preparation of a COH catal yst may be
carri ed Toeatmeni ol theeGQtcontacted suppott oan b dorerpriot i aroducirgyr thacatelystantodbk ment ,
one or nore of the steps described previously herein for the preparation of
a CO H oetcalr fatexample lyvathiraarr actidatotidr amytssitabé whseh(argacpocontactingeastady, osyst em
In such enbodi ments, one or nore preparation paraneters (e.g., contacting

t he CO oaitiimdicadacsarpdarsucinai embydimette the O®y oftectadd juppdre naybef @atedi with e
formation of the COH catal yst. For exanple the CO contacted support may be
t r eat ed hytliogerhptderapeatuled rang g Utoen hibat COPE t6 aticat §60 °Cree dioffeatioud?s eheo

CO cont acted support can be done prior to introducing the catalyst into the
react or abeit 38¥ a0 Ur€rovd 46BN 0BPCa6 25/ 8. OTreQtmeAVf tSCO AbhBCIHESPPrt ey Be , 2
precontacting vessel), or within the reactor. In such an enbodi nent, the
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from about 25 0C to about 500 OC, or from about 75 0C to about 350 0C, or
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carried out under hydrogen pressures ranging fromabout 0.1 bar to about 50

bar, or dbhrQmARYHortOwih B3k ﬁﬁﬁlﬂe Grriddabut Rierd Bl chndi@énst @eabout 3

bar. Furthernore, treatnent of the COcontacted support with hydrogen may be
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pressure) fo erro I'me o romabout 1 mnute to about 24 hours, or
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hours. Arter n, ydrogen may be renoved fromthe
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gas for a time period sufficient to remove the hydrogen.

[0019] In an embodiment, the CO/H catalyst is a component of a catalytic system

comprising a co-catalyst. Generally, the co-catalyst can be any organometallic compound

capable of activating and/or enhancing the performance of the catalyst described herein (i.e.,

the CO/H catalyst) to polymerize olefins. Suitable co-catalysts can include monomeric or

oligomeric metal alkyls, metal aryls, metal alkyl-aryls comprising at least one of the metals

selected from the group consisting of B, Al, Be, Mg, Ca, Sr, Ba, Li, Na, K, Rb, Cs, Zn, Cd, and

Sn. In an embodiment, the co-catalyst comprises a metal alkyl such as for example an alkyl of

B, Al, Zn, Li, Na, Mg, or combinations thereof. Alternatively, the co-catalyst comprises a

boron alkyl. The metal alkyl can have any number of carbon atoms. However, due to

commercial availability and ease of use, the metal alkyl will usually comprise less than about

70 carbon atoms per metal alkyl molecule and alternatively less than about 20 carbon atoms per

molecule. In an embodiment, the co-catalyst comprises a boron alkyl comprising a hydrocarbyl



[0019] In an enbodi nent, the COH catalyst is a conmponent of a catalytic
system conprising a co-catalyst. Cenerally, the co-catal yst can be any
or ganonetwbl2om/wotrpound capabl e of activating and/ or eniremaiSego0hE78
performance of the catal yst describedgherein (i.e., the COH catalyst) to
pol ynerize ol efins. Suitable co-catalysts can include nononelic or
ol i gonergreupmaviap fimhkaHost 1 redbalt 12roaktens. nEieado-catakpst may bé mtrodurpd deeatly tat | east
one of the nmetals selected fromthe group consisting of B, A, Be, My, Ca,
Sr, Ba, dieacti¥a,zoie with theGSQO/H Batalst,or amuy Horcontacted wvithrtho GO mhtalysthgrior to
co-catal yst conprises a netal al kyl such as for exanple an al kyl of B, A,
Zn, Li, fdan aMialy@migeedihasis seisquehdy @abducdd toar Radtior ebye. Inha cabodiaient, y St
conprises a boron alkyl. The netal al kyl can have any nunber of carbon
atons. HAYRYRhtalystURay BeCHEIMRI &l ah amoahd abibint yboand.lepsa tof abdste 50 tppe, net al
al kyl will usuagly conprise |l ess than about 70 carbon atons per netal alkyl
mol ecul e,j@pdhiwriy 6 ik bk Y ppRSS abdiano pha HiteRtivRf HOForR ki 2 Pei tabaeul e. 1 n
an enbodi ment, the co-catalyst conprises a boron alkyl conprising a
hydrocargmhg{oup havi ng from about 1 to about 12 carbons. The co-catal yst
may be introduced directly to a reaction zone with the COH catal yst or may
be cont 2lggfetﬁt W {30 B fdavE! htb@iméat tRY CorH thtaf}/@tlr 0 2 c6Rp&HeNSbf Enc)éia}[i'ﬁ@ t hat

e

i s subs ly introduced to a reaction zone.” I n an enbodi nent,
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ppm altérnative f fromabout 1 ppmto abou 0O ppm alternatively of
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chain branching (LCB), or lowering of the melt index (MI). In an embodiment, the CO/H
catalyst allows in-situ comonomer production without the use of a cocatalyst.
[0021] The catalysts (i.e., CO/H catalysts) and catalyst systems disclosed herein are
intended for any olefin polymerization method which may be carried out using various types of
polymerization reactors. As used herein, “polymerization reactor” includes any polymerization
reactor capable of polymerizing olefin monomers to produce homopolymers or copolymers.
Such homopolymers and copolymers are referred to as resins or polymers.
[0022] The various types of reactors include those that may be referred to as batch, slurry,
gas-phase, solution, high pressure, tubular or autoclave reactors. Gas phase reactors may
comprise fluidized bed reactors or staged horizontal reactors. Slurry reactors may comprise

vertical or horizontal loops. High pressure reactors may comprise autoclave or tubular reactors.

Reactor types can include batch or continuous processes. Continuous processes could use



unwant ed effects, such as broadening of the nol ecul ar wei ght distribution
(MAD), higher long chain branching (LCB), or lowering of the nelt index
(M). I nwo2emnodizsent, the CO H catal yst allows in-sit®CTarsenones’7s
production without the use of a cocatalyst. [0021] The catalysts (i.e.,
CO H catal ysts) and catal yst systens di sclosed herein are intended for any
ol ef i n putkemtient prtantinuows tphwidctisobhrgerm Prooessesanayi asb welndeipdrtig ov frll divest t ypes
of polynerization reactors. As used herein, "polynerization reactor”
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to produce honopol yners or copol yners. Such honopol yners and copol yners are
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i nclude those that may be referred to as batch, slurry, gas-phase,
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may conprise autoclave or tubular reactors. Reactor types can include batch

or cont iifdRbnehi® 6P 3 IRGsfelCRIVIde kit iPpOSBRSE Srafistet tHe F&%%Qémt{n?% or
conti nuous product discharge. Processes may al so include partial or full
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di luent. [0023] Polynerization reactor systens of the present disclosure
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i nt erconnect ed a transter device nmaking it possible to transfér the
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combination of high pressure with loop and/or gas reactors. The multiple reactors may be
operated in series or in parallel.
[0024] According to one aspect of the disclosure, the polymerization reactor system may
comprise at least one loop slurry reactor comprising vertical or horizontal loops. Monomer,
diluent, catalyst and optionally any co-monomer may be continuously fed to a loop reactor
where polymerization occurs. Generally, continuous processes may comprise the continuous
introduction of a monomer, a catalyst, and a diluent into a polymerization reactor and the
continuous removal from this reactor of a suspension comprising polymer particles and the
diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids that
comprise the diluent, monomer and/or co-monomer. Various technologies may be used for this
separation step including but not limited to, flashing that may include any combination of heat

addition and pressure reduction; separation by cyclonic action in either a cyclone or

hydrocyclone; or separation by centrifugation.



may include any conbination including, but not limted to, nmultiple | oop
reactors, nmultiple gas reactors, a conbination of | oop and gas reactors,

mul ti pl e Woghiopressur e reactors or a conbi nati on of hi gieCcprisssianeo~sth | oop
and/ or gas reactors. The nultiple reatdors nay be operated in series or in
paral l el . [0024] According to one aspect of the disclosure, the

pol yrer i 8625]on Adgatabslusy polgmemnayion propass Gdsoknove asthe partcle dom moagsy)yisr eact or
conprising vertical or horizontal |oops. Mnoner, diluent, catalyst and

opt i onal dixclaed; oo-exomplaein WeS: Paert ONdsi 348379, 4,601,885, H,366d[35,r 841,919, wher e
pol ymeri zation occurs. Cenerally, continuous processes may conprise the
cont i NUOKI339, 23651 QREE;1910and06,8%8, 415N eavilof whichdt alcypbratedriy afethinkeibertiniintiteo a

pol ymeri zati on reactor and the continuous renoval fromthis reactor of a
suspensi @firegonpri si ng pol ynmer particles and the diluent. Reactor effluent
may be flashed to renove the solid polymer fromthe Iiquids that conprise
the di | upotg] NOSGHABE AINEMS GsedGn RRAY PBlymeMadtion Usclides Buitair® gotElimirdgyto pe used
for this separation step including but not limted to, flashing that may
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by cyclonic action in either a cyclone or hydrocycl one; or separation by
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S
as the particle formprocess), is disclosed, for exanple, in U'S. Patent

Nos. 3, 24R1ohd@ne, 4sotdthn8BRbutzne? lepe;n%ﬁe, 1§)éyézt§ne,9 fiopefitadea hnd3Rhex@ne680rhd1, an d

6, 833,415, each of which is incorporated by reference herein inits
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i ncl ude, e _ ons such as propane,’ cycl dhexane,
| sobut angy 1 Bhl A by REMIANShe iR APRLANG, Neopentane, and n-hexane. Some

{0027] According to yet another aspect of this disclosure, the polymerization reactor may
comprise at least one gas phase reactor. Such systems may employ a continuous 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 muilti-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, 4,588,790, and 5,436,304, each of
which is incorporated by reference herein in its entirety.

[0028] 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



| oop pol ynerization reactions can occur under bul k conditions where no
diluent is used. An exanple is polynerization of propyl ene nononer as

di scl osedwpreold/18747Rat ent Nos. 5, 455, 314, whi ch is i ncor poratsedobyo7ref er ence
herein in its entirety. [0027] Accordilng to yet another aspect of this

di scl osure, the polynerization reactor may conprise at | east one gas phase
r eact or .se®ual lrosssswhers frealy neanomey; initigtorst iongdfelysts ereyeddsd.st Mergmezs gpdyabhi ng one
or nore nonomers continuously cycled through a fluidized bed in the

pr esencengifingdha gninattygseoundesanp ehd) meroduced jab ane gengi ofi Bageackry dayiatlors, st r eam
may be withdrawn fromthe fluidized bed and recycl ed back into the reactor.
Si mul t armeaiysisyandfpolcytaiyst qompdurnts meay bdhentraineth dir agasebysormethand enfrodegedahd new
or fresh nononmer may be added to replace the pol ynerized nononmer. Such gas
phase r emothearmnerafthe oaptor.sEheagap sucasandydre intaimikedsfoe polymsptation Heat and

pol ynmeri zation of olefins, in which olefins are polynerized in the gaseous
phase i nprasurk aasgbe tmployetdapmpdataly tg alsaiploateal polyyreerativatréagnorr@ndionshi | e
feeding a catal yst-containing polynmer forned in a first polynerization zone
to a secooy] pol xeeetdizgiol yen agahe asfaeeot hp disclbsuga sheppelgmenizatiot mactosmdy scl osed
in US Patent Nos. 5,352,749, 4,588,790, and 5, 436,304, each of which is

i ncor por@hdsdy solefoapeyatrikaiotiréacton wheginahd mbsdnyer if @0R8led Adthahdéatdyst o sti | |
anot her aspect of the disclosure, a high pressure polynerization reactor
may COoNPdolipBsiflord bipsiitalile ERAE OF oMEr MEand UAOGIiy @oiprasiigddn indrtibtPanic dileatt or s
may haveseveral zones where fresh nononer, initiators, or catalysts are
added. MinQERE mdBdYMEanS by @hplewbdi ITf adtirtd) €lid meRHeD uiyHerteauphatnctthe Rigoeduced

at one zone of the reactor. Initiators, catalysts, and/or catalyst
conponeniiasdio BsitRWidi e dathRtid réhGPpBdSd: ! Bafe phdericBlor adsines ofiliqEaot her
zone of the reactor. The gas streans may be interm xed for polymerization.

Heat andy,ptg3sthepiBiePAt6MRémRYE fhamicant ieﬁ?@xlaﬁxrés_chn@l@?e@étﬂesQB&ti\ﬂmrcsult
pol ymeri zation reaction conditions. [0029] According to yet another aspect

of the di,sgl q5ttafon 0FS RMWNES R IBMI SR RlackBRY 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.
[0030] 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 contfol.
{0031] 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



conprise a solution polynerization reactor wherein the nononer is contacted
with the catal yst conposition by suitable stirring or other neans. A
carrier cwopoisgiongsan i nert organic diluent or excess nPODMSRONMY0THE

enpl oyed. If desired, the nononer nmayl2e brought in the vapor phase into
contact with the catalytic reaction product, in the presence or absence of
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exot herm ¢ heat of polynerization. [0030] Polynmerization reactors suitable
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reactor cooling,” poly recovery, ctionation, recyc e age,
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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, crack growth, long chain branching and rheological measurements.

[0034] The concentrations of monomer, co-monomer, hydrogen, modifiers, and electron
donors are important in producing these resin properties. Co-monomer is used to control
product density. Hydrogen can be used to control product molecular weight. Modifiers can be
used to control product properties and electron donors affect stereoregularity. In addition, the
concentration of poisons is minimized because poisons impact the reactions and product
properties. In an embodiment, hydrogen is added to the reactor during polymerization.

Alternatively hydrogen is not added to the reactor during polymerization.



The pressure for liquid phase polynerizations in a |loop reactor is
typically I ess than 1000 psig. Pressure for gas phase polynerization is
usual | y avoabouto7£80 to about 500 psig. Hi gh pressure peCyrEseepadI7oH in
tubul ar or autoclave reactors is genetally run at about 20,000 to about
75,000 psig. Polynerization reactors can also be operated in a

supercri 034! r By whyno caresinmgayalte fgemedrinto [vgridus gitisiest instpdingitbyt vad ligntgd
pressures. Qperation above the critical point of a pressure/tenperature
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concentration of various reactants can be controlled to produce resins with
certai n glysmbahesannt echaWedals growpes tiag de udieto fomp deedlartinlds, usadudmgpduct

that will be formed by the resin and the nethod of form ng that product
det er m nias nbh#mited ia; dibw emilding) reapeasidn meldingk altaivhaaholdingpajdctiers mothgide
tensile, flexural, inpact, creep, stress relaxation and hardness tests.
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donors are inportant in producing these resin properties. Co-nononer is
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nol ecul ar weight. Mdifiers can be used to control product properties and
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poi sons 1S mnimzed because poisons inpact the reactions and product
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pol ynmeri zation. Alternatively hydrogen is not added to the reactor duri ng
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articles, including, but not Iimted to, bottles, druns, toys, household
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geonenbr anes, and |1 nper s. Various processes nmay be used to formthese

articl eSCO;’I-P Qa{tzﬂggt Iagcatalyst system is contacted with one or more olefins in a reaction zone under
suitable reaction conditions (e.g., temperature, pressure, etc.) to polymerize the olefins. Linear
or branched alpha-olefins having 2 to 30 carbon atoms can be used as the olefins raw material.
Specific examples of the alpha-olefins may include ethylene, propylene, 1-butene, 1-hexene, 1-
octene, 3-methyl-1-butene, 4-methyl-1-pentene, or the like. Such alpha-olefins may be used
individually (e.g., to produce homopolymers) or in various combinations of two or more to
produce co-polymers (e.g., di-polymers, tri-polymers, etc.). In an embodiment, the CO/H
catalyst is used to produce polyethylene, for example polyethylene homopolymer or co-
polymer. In various embodiments ethylene is used with one or more co-monomers such as 1-
octene, 1-hexene, 1-butene, and the like.
[0037] In an embodiment, homopolymers produced by the CO/H catalyst using only

ethylene feedstock and without adding 1-hexene to the reactor may have a density of from

about 0.935 g/cc to about 0.959 g/cc, alternatively from about 0.950 g/cc to about 0.958 g/cc, or



but not limted to, blow nolding, extrusion nolding, rotational nolding,
injection nolding, fiber spinning, thernoformng, cast nolding and the

| i ke. Aftwo 2pm/ymIsi zati on, additives and nodifiers canpPhe/sddemodrost he

pol ymer to provide better processing during nmanufacturing and for desired
properties in the end product. Additives include surface nodifiers such as
sl i p agettemativeht fromoateyt 0t%8kd/€d ¢r sbouarkISog/cdaniush spedymers nmayi badyrthend
secondary anti oxi dants; pignents; processing aids such as waxes/oils and
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scavengers, absorbers, odor enhancers, and degradation agents. [0036]
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di scl osure may be used for the polynerization of olefins, for exanple,
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may include ethylene, propylene, 1-butene, 1-hexene, 1- octene, 3-nethyl-
1- but ene234- net hyl -1 - pentene, or the like. Such al pha-olefins may be used
individually (e.g., to produce honopol yners) or in various conbinati ons of
two or noo3s|t o R APt efiBodidbitMBieSCOBI Gatalydiwhenl cpimESd withi arP&IpyATBlefin €t C. ).
In an enbodi ment, the CO H catalyst is used to produce pol yethyl ene, for
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ethylene is used with one or nore co-nononers such as 1- octene, 1-hexene,
1- but eneyocAfYst! RuIfink®-a dPOFHler bR BITRRH aHRAbodiRAD BRl 6 ePprodieced by

t he CIYFicatglyst ué#ng S%Iy ethylene f eedst ock and mﬁthoggpghﬁ?ng 1- hexene
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be further
and melt index potential of the resulting polymer are similar to a polymer produced with in-situ

comonomer systems wherein a cocatalyst is used.

[0039] In an embodiment, a CO/H catalyst of the type described herein is used to produce a
copolymer product in the absence of an external addition of a comonomer. Without wishing to
be limited by theory, it is the pretreatment of Cr(II) with H; prior to contact with monomer that
produces a CO/H catalyst as disclosed herein that can then both oligomerize and polymerize an
olefin to result in a copolymer product.

[0040] In yet another embodiment, the CO/H catalyst may also be used to produce a
random copolymer (RCP) of ethylene and comonomer, by externally adding additional
comonomer, such as 1-hexene, to the reactor. The RCP may have a density of from about 0.92
g/cc to about 0.96 g/cc, altemnatively from about 0.93 g/cc to about 0.96 g/cc, alternatively from

about 0.94 g/cc to about 0.955 g/cc.



characterized by a high load nelt index (HLM) ranging fromabout 1 g/10

m nutes to about 250 g/ 10 mnutes, alternatively fromabout 5 g/10 m nutes
to about WbQow 1781 nutes, alternatively from about 10 @CTASAONODEISt O
about 250 g/| Ominutes. The HLM referss to the rate of flow of a nolten

pol ymer resin through an orifice of 0.0825 inches dianeter when subjected
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t heory, dotnptising neethylete watemgeker. o ¢thdr)enibbdimeht?, the COVH te@tayeipradilces t h
nmononer that produces a COH catal yst as disclosed herein that can then
bot h ol irgeee effientanthpfsihy ThekaR. an y&loter Bmbadimess)the CO/MR cagIpaliyagRa wpr oduct .
[0040] In yet another enbodinment, the CO H catal yst may al so be used to

produce podudd 6l @ghc®e peilugadnriciRaRh 10fexeid1¥i BREr @itshdGRIHR) EECO/HDYatalydtg¢ nal |y
addi ng addi tional comononer, such as 1-hexene, to the reactor. The RCP may

have a dg@sblpyodate 4 le@idraliMitht Whdlein A/ HekereQs RO MMforiB: RehpBhdie, al ternatively

from about 0.93 g/cc to about 0.96 g/cc, alternatively from
[0043] In an embodiment, a CO/H catalyst of the type described herein when used as a
polymerization catalyst displays a product yield comparable to that of a catalyst system
comprising an otherwise similar catalyst and a cocatalyst. In an embodiment, the CO/H
catalyst has a product yield of from about 500 grams polymer/gram catalyst (g/g) to about
10,000 g/g, alternatively from about 1000 g/g to about 5000 g/g, alternatively from about 2000
g/g to about 4000 g/g and a polymerization activity of from about 1000 grams polymer per
gram catalyst per hour (g/g-h) to about 5000 g/g-h, alternatively from about 1500 g/g-h to about
5000 g/g-h, alternatively from about 2000 g/g-h to about 5000 g/g-h.
[0044] A CO/H catalyst of the type described herein when employed as a polymerization
catalyst may produce its own comonomer. In an embodiment, an RCP is prepared from
ethylene using a CO/H catalyst of the type described herein in the absence of a co-catalyst.
Further, the RCP comonomer may comprise 1-hexene, alternatively the comonomer consists
essentially of 1-hexene. In such an embodiment, the resulting RCP may have a narrower

molecular weight distribution (MWD) when compared to a polymer produced using a catalyst

system comprising an otherwise similar catalyst and a cocatalyst. The resulting RCP may



about 0.94 g/cc to about 0.955 g/cc.[0041] In such an enbodi nent, the
co-nononer (e.g., 1-hexene) nmay be present in the RCP in an anount of from
about 0. Iweepnghio74yercent (wt.% to about 15 w. % based @oTtuseomwov@ls wei ght
of the RCP, alternatively fromabout 65 w.%to about 10 wt.%
alternatively fromabout 1 wt.%to about 5 wt.% [0042] In an enbodi nent,

t he CQO Hiwpiayadogrepsefdgng ehaig beancling (b@BL evhan spodared t@ onpprasivers wsingohref i n
trimer. In some enbodiments, the COH catalyst is used to produce a reactor
ef f | uentotkeswise pigillagpaymendayoreepsalystandka codatakwsheThe RGP prddecedeysingdi Gefit s, t he
CO H catal yst produces a reactor effluent conprising 1-hexene. In yet other
enbodi meatalyst efithe ©p¥ Hescabesll hestin gy irsprdve andfor gtimineteadrawleckoassesiftédreith
enriched in 1-hexene. In other enbodinments, the COH catalyst is used to
produce veaxr guir omok fthajeme typhivatleipesténthdiiap eprodictidre ofrap RGR prodoced owiint .
[0043] In an enbodinment, a CO H catal yst of the type descri bed herein when
used as campaiahlnepi thatt 0OA eyl ygiterdi @pipayisg anpotbetwiste simdhd cadppamdbd e t o
that of a catalyst systemconprising an otherwise simlar catalyst and a
cocat al ystatalyst an enbodi nent, the CO H catal yst has a product yield of from
about 500 grans pol ymer/gram catal yst (g/g) to about 10,000 g/g,
alternatively from about 1000 g/ g BEXAMbPDES 5000 g/ g, alternatively from
about 2000 g/g to about 4000 g/g and a polynerization activity of from
about 1q0®45¢r arfEhepahtyodirerde havifig Beethiogeab By dpFibéd) Uke (Qlodity) exdatmpddaaué 5000
g/g-h, alternatively from about 1500 g/g-h to about 5000 g/g-h,

al t er natgdivenl 3 parcicalabenibod2Oits @F ghd) disd10aire Uind 508 riGtrdte thd PfedliceAakdd H
catal yst of the type described herein when enployed as a polynerization

cat al ystadi@ages edteoe [Itis uBddist6 AL lexarhpleite %mﬁdilym@t of M0stR%bn lafd ]
prepared fromethylene using a COH catal yst of the type described herein

in the ahspRGRemded® Ehit GRIPbABlatiof Bf thBfaimd R@nfRnsNONOMEr NMBY conpri se
1- hexene, alternatively the conononmer consists
EXAMPLE 1

[0046] The performance of a Cr-supported catalyst in ethylene polymerization was
investigated. Seven samples, designated Samples 1-7, were prepared using 969MPI, which is a
silica supported Cr catalyst commercially available from W. R. Grace having a surface area of
300 mz/g, a pore volume of 1.6 mL/g, and an average particle size of about 100 microns.
Samples 1-6 were heat treated by fluidization in dry air for 3 hours at 800°C and then reduced
by fluidization in dry CO at 350°C for half an hour. Samples 1, 3, and 5 were then tested for
polymerization behavior in a bench reactor at 100°C respectively with 550 psi ethylene for 1
hour. Samples 2 and 4 were treated with hydrogen (i.e., treated with hydrogen after having
been previously treated with carbon monoxide) and then tested in a bench reactor at 100°C
respectively with 550 psi ethylene for polymerization behavior. Sample 6 was also treated with
hydrogen (i.e., subsequent to CO treatment) and then tested in a bench reactor at 105°C

respectively with 550 psi ethylene or 1 hour for polymerization behavior. Sample 7 was heat

treated at 800°C, reduced in H; at 350°C for half an hour (i.e., without having been previously



essentially of 1-hexene. In such an enbodi ment, the resulting RCP may have
a narrower nol ecul ar wei ght distribution (MAD) when conpared to a pol yner
pr oduced weing/@74at al yst system conpri si ng an ot her w secsiuseéiamnoaras al yst
and a cocatal yst. The resulting RCP neydi spl ay decreased | ong chain

branchi ng (LCB) when conpared to one produced using an otherwi se simlar
pol yner i teated oithd2(D)akyd testad dorgpobmeraizatiopgiehavidran RGinipr bauahadadiwi ayginalacQ H
catal yst of the type described herein nay inprove and/or elimnate

dr awbac kendisesalestribed wbdvia. Hakyneeniddton rsmolksed il tizr wadtypfilied| with pelpsemt

during production of an RCP produced with conparable to that of a catal yst
Syst em cofiftdns Aoyt 2htoabbwer7@insisutss. rfiok Sampla b Alydsigeawds dscalded wl thsteacttiXAMPLES

[ 0045] The enbodi ments havi ng been generally described, the foll ow ng
exanpl esThar polgitivi@éneagieldar teactitnatimesyhmiimineizatonohctivives,d HEMIgs ande densdies 0
denonstrate the practice and advantages thereof. It is understood that the
exanpl esrequlted Foni@Achayimpizy wefe reddrdedtandthe ossultiide abalatedin Tablended to limt the
specification or the clains in any manner. EXAMPLE 1 [0046] The performance
of a Cr-supported catalyst in ethylene polynerization was investi gated.
Seven sanpl es, designated Sanples 1-7, were prepared using 969MPI, which is
a silica supported Cr catalyst coomercially available fromW R G ace
having a surface area of 300 n2/g, a pore volune of 1.6 ni/g, and an
average particle size of about 100 microns. Sanples 1-6 were heat treated
by fluidization in dry air for 3 hours at 8000C and then reduced by
fluidization in dry CO at 35Q0C for half an hour. Sanples 1, 3, and 5 were
then tested for polynerization behavior in a bench reactor at 1000C
respectively with 550 psi ethylene for 1 hour. Sanples 2 and 4 were treated
wi th hydrogen (i.e., treated with hydrogen after having



been previously treated with carbon nonoxide) and then tested in a bench
reactor at 1000C respectively with 550 psi ethylene for polynerization
behavi or . wBanpw/w7#8was al so treated with hydrogen (i.e. pCIuiss@qoerrsto CO
treatnment) and then tested in a benchigeactor at 1050C respectively with
550 psi ethylene or 1 hour for polynerization behavior. Sanple 7 was heat
treated at 8000C, reduced in H2 at 380©0C for half an hour (i.e., wthout
havi ng been previouslytreated with CO, and tested for polynerization
behaviaogr in a simlar beqscl reactor at sjmlar| condifions [descr|i bed above.

Pol ymerl|i zati ¢n runs. | ag¥fed [URdaiton | Beaki@at SEd fllf‘eF“é‘Ef‘ fDensty {J. ,
f r om aboti"P'24 PREFSEBout RUites . dﬁmgedSanﬁg ,(m'ﬁl dt 5,4l esdadded to
the reactor. | The pol ygthvl.ene vyields, react t1 nes| pol yperi zation

acti vi tfres, HCbEc, aponeRNS| 1i es sulfted from e 5a e r br ded
and t he| r dsulltsocace |abul atled P h 'I'aB'?lyl TaB € 1%§>ro:es 1 £gr{\{gf eOr'Js(’?(f al |
steps used to %@guce Yhesifinal cqtal yst|including heat treatmnt, COD

treat ment 2 andssidcicoept WERt [ 004 | TRESP esults |shoved|t HAt e det&Pt | es for

Sanmpl es|-2-6—tthat—were @.Lghcmt ed—Hhydrogen—decreaseg—when—congared—{ o
Sanpl e [1. ;The rse&ct i 3r125§°@ndi tiogas |ab 1 2200C sgppeargd toshe hgas [thes@pti mum
t enper at ure f03r5°°ﬁ)??6’r bgennt rieat ment|, as shown by Sanple 3 apd 4 |Addi n(
hydrogen to ih [.ea ctomspshowed TitltTe or|no additional effpect, Jas shown by
Sanple b. 4 n oh, 25810mp| ylop°€dyciondi3t he 2tat @l Y8t i nlqﬁ?§/drdgén ol

omttingthelCOre ubt i%h s ep resulted in a ppor catalystlwith +oewPE
yi el d, | ow agtiseoty, densjty, wW,HLM ., g@s sh by, np%5g7
[ 0048] Negt, t 33e°CIG8s JI%QS%Q poll%g)/tr?er ?rom Sagr?pl ES and? Ws\rge'(§ na yzed by
C- 13 NWRtO LELEFm e 31865 @ 1t qf hexene co-pononef i n the pofymer| The
wei ght pera:ermg?, “of | Lrosast er@@ilc hexene| 23dbufers, andioe| as vieomsnhoner
di spersjty (H Wer e récord adaﬁc the resultslare tabulated in Tabl e

2. Table| 2 800°C, 15 psi o 9 53 | 0.9601
7 350°C T, | 3500 100°C 0.7523 43 87 3 .

*Processing refers to all steps used to produce the final catalyst including heat treatment, CO treatment, and H,
treatment

[0047] The results showed that the densities for Samples 2-6 that were preheated in
hydrogen decreased when compared to Sample 1. The reaction conditions at 250°C appeared
to be near the optimum temperature for hydrogen treatment, as shown by Sample 3 and 4.
Adding hydrogen to the reactor showed little or no additional effect, as shown by Sample 5. In
addition, simply reducing the catalyst in hydrogen and omitting the CO reduction step resulted
in a poor catalyst with low PE yield, low activity, high density, and low HLMI, as shown by
Sample 7.

[0048] Next, the resulting polymers from Samples 2 and 6 were analyzed by C-13 NMR to
determine the amount of hexene co-monomer in the polymer. The weight percentage of 1-
octene, 1-hexene, 1-butene, and relative monomer dispersity (RMD) were recorded and the

results are tabulated in Table 2.



[ 0049] The results denonstrated that 1-hexene was the primary product
produced in situ in the reactor and incorporated into the polyner. In
addi ti on,wbavtv/peirgners had RVDs of greater than 100% woirals2emadieras es a
honobgeneous di stribution of branchingl9 [ 0050] Wil e enbodi nents of the

di scl osure have been shown and described, nodifications thereof can be nade
wi t hout departing fromthe spirit afable@achi ngs of the disclosure. The
enbodi nents described herein are exenplary only, and are not intended to be
limting. Mapyevariations and mpdifi ca¥sightgcarhonerire di scl osure di scl osed

her ei n lare_possibl el and- Qgtse wit hin tHﬁ‘ef@r‘nm: of !tByenedi scll osurBMD \\her b

I al Fafoes—or | | mofll'x‘é’l onal ar U%r occl v/ ot g 6J‘H o1 r\h a]\QQ!ZOJ%c r
nurTer I CULI Ly | T T 033‘)70’4\.1:::‘7 AT 061 A)I W;J_: _’yJ J.L 644\1/\-‘1 d :‘I \.arool],o\d/.xq T .al.nges
U U

i m‘rations—shotl .
or i mtat+ons—shoutd—be—thderstoo et tetrattve trangesS—of

O—11CH
limtations of |ike magnitude falling within the expressly stated ranges or

ot ont or B8B4G By el TR e g REGHE wasiyt B p%t’%fy)wddﬁstpfg%ﬁdptn S8 enever
RL
S e el Ay 1R BBEE 0 B el oo

nunb rs,. wthin ange are specifically

In part I e fallo
di S(F3)| oslet : 1%‘QF/{L E ﬁtﬁhcﬁf_e\)ém %CQF?PSIQ’ “%bugowﬁfﬁ?r% ‘él Tangl ng from1 percent

to 100 p th a 1 percent [ k is 1 percge per cent,
3 per cen‘%SCO it em‘?;"dﬁe‘?‘lfsen‘tf tﬁl ﬁ%“ﬁ?e#‘&eentbeeﬁ oy @@ﬁt ge%ﬁg rcent,
..., 95 ercent 96 percent rcent ercent, 99 percent, or 100

per cent . m%ﬁféaeer ther&ﬂ@,%h%maé%wﬁawgéepa%mgﬁﬁ@ P RiK whisatEnes ofsheef i ned
in the above is_also s eC|f|caIIy di scl osed. Use of the term' optlonally
with respetsueo Tapgmbed deseribed herginate exqmpplay qaly, anst 3re apf intsadedip ke subj ect
element is required, or alternatively, is not required. Both alternatives
are int dieigiee t Manevagiptonsnd ﬁvedlé”leeftfes ef the disclesusg grsclesse herpinrooppgaiblesd ns such
as conprises, includes, havin etc. should be understood to prOV|de support
for nar rasewithingherscope eh the lisclor WEs tWhege apmerighiinges ergirasations prg| axpreggly

conprised substantially of, etc.
stated, such express ranges or limitations should be understood to include iterative ranges or

~

- P

limitations of like magnitude falling within the expressly stated ranges or limitations (e.g.,
from about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13,
etc.). For example, whenever a numerical range with a lower limit, R, and an upper limit,
Ry, is disclosed, any number falling within the range is specifically disclosed. In particular,
the following numbers within the range are specifically disclosed: R=R+k*(Ry-R,), wherein
k is a variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1
percent, 2 percent, 3 percent, 4 percent, 5 percent, ..., 50 percent, 51 percent, 52 percent, ...,
95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any
numerical range defined by two R numbers as defined in the above is also specifically
disclosed. Use of the term "optionally" with respect to any element of a claim is intended to
mean that the subject element is required, or alternatively, is not required. Both alternatives are

intended to be within the scope of the claim. Use of broader terms such as comprises, includes,



[ 0051] Accordingly, the scope of protection is not limted by the
description set out above but is only limted by the clainms which foll ow,
t hat scopwoizonlwdi’ag al |l equi val ents of the subject natPemr/uskomier7es ai ns.
Each and every claimis incorporated 20nto the specification as an
enbodi nent, of the present disclosure. Thus, the clains are a further
descri ptPYRg.&ifd shauld bgundgrstood ¢nprovide Repperitierdiamenerstems skl apeasisting of,
di scl osure. The discussion of a reference is not an adm ssion that it is
prior arensiyng pssentially ef comprised sbsientiallyofets al |y any reference that may have
a publication date after the priority date of this application. The
di scl osUP®d] of Adcprdpnglye thesscopsanfemiteciioplis moa dimited by rediepuriphiomn st iootrabowd t ed
herein are hereby incorporated by reference, to the extent that they
provi de bak sngilatipited by dbel glamhs whicbtfbldow, dbdtaicors mulpging ralindgaivglenhs dffthse set
forth herein. CLAIMS What is clainmed is: 1. A method conprising: (a)
cont act isnged mattpdithe eaichsa Eathr ondi avaryodaimads imcogor@diaotict dpecification as an
chrom untont ai ni ng support; (b) heat treating the chrom um contai ni ng
suppor t embodimentxofcthg pregerddizolophver @hts) tHeorlaima ater £ Airther despiiystion; and Gye an
contacting the treated support with carbon nonoxide to forma CO contacted
suppor t ;addifich (odthe erobdadaentngf thé pre€xmt declbsued. €Thesdigpasidn off at tofebends Bg@nart 0 f orm
a catalyst. 2. The nethod of claim1 wherein the support conprises silica,
titani a,admissiontagit idysridr art t the ppdsaiteliscbure éspecially 4Ry RARERS PIAHRY have a
conbi nati ons thereof. 3. The method of claim 1l wherein the support nmay be
present publidatién datd ftey sie priorigdasaiunit agplicAtionMTab distlobResvdf alloph@n®jAht 99 W . %
by final weight of the catalyst.

applications, and publications cited herein are hereby incorporated by reference, to the extent

that they provide exemplary, procedural or other details supplementary to those set forth herein.



4. The nmethod of claim 1l wherein the chrom um containing conpound conprises
a wat er-sol ubl e chrom um conpound; a hydrocar bon-sol ubl e chrom um conpound,
a chr om uwwo@bioyiocaaspound, chrom um (111) conpound, or ceciiusativons7s her eof .
5. The method of claim 1l wherein chratiumis present in the catalyst in an
amount of from about 0.01 w.%to about 10 wt.% by final weight of the
catalyst. 6. The nethod of claim 1GHNEM$ N the heat treating conprises
heating at a tenperature of from about 4000C to about 10000C for a tine
peri od oVhdtiveleigldit 1 ninute to about 24 hours. 7. The method of claim1
wherein the heat treating occurs in the presence of oxygen, air or
conbi natli ons A methed¢orgprisTige et hod of claim 1 wherein the contacting with
carbon nonoxi de occurs at a tenperature of from about 2500C to about 750C
for a time pédicoutagingfa suppervend a thygimiwh-gontainmgeampdthdioUosn a@hroffiemsret hod
of claim1l wherein the contacting with hydrogen occurs at a tenperature of
f r om aboonta$@ suppabout 7500C for a tinme period of fromabout 1 minute to
about 10 hours, and at a pressure of from about 0.1 bar to about 50 bar.
10. The net h@y heét tedabingnihg chiveri@nonthmingauppoytsin ah @sidézifixOd tyhideshezat ifGim
activity of from about 1000 g/g-h to about 5000 g/g-h. 11. The nethod of
cl ai m 1 afteeatedeuppoanpri si ng contacting the catalyst with one or nore olefin
nononmers in a reaction zone under suitable reaction conditions to forma
pol ymer and K©cawweriiny tHehecasal yupport fwidndrben reactidon famea dG-codth@ed et hod
of claim 11l wherein the olefin nononers conprise ethylene and the pol yner
conpr i sesppt; eddhyl ene honopol yner; the ol efin nononers conprise ethyl ene
and

(d) contacting the CO-contacted support with hydrogen to form a catalyst.

2. The method of claim 1 wherein the support comprises silica, titania, zirconia, boria,
phosphate, alumina, aluminaphosphate, or combinations thereof.

3. The method of claim 1 wherein the support may be present in the catalyst in an
amount of from about 50 wt.% to about 99 wt.% by final weight of the catalyst.

4, The method of claim 1 wherein the chromium-containing compound comprises a
water-soluble chromium compound; a hydrocarbon-soluble chromium compound, a
chromium (II) compound, chromium (III) compound, or combinations thereof.

5. The method of claim 1 wherein chromium is present in the catalyst in an amount of
from about 0.01 wt.% to about 10 wt.% by final weight of the catalyst.

6. The method of claim 1 wherein the heat treating comprises heating at a temperature of
from about 400°C to about 1000°C for a time period of from about 1 minute to about 24
hours.

7. The method of claim 1 wherein the heat treating occurs in the presence of oxygen, air

or combinations thereof.



anot her al pha ol efin nononer and the polynmer conprises an ethyl ene

copol yner; or conbinations thereof. 13. The nethod of claim 1l wherein the
pol yrmer haie 2ar/10478 of from about 1 g/ 10 mi nutes to aborCTABR19HAD78M nut es.
14. The method of claim 11 wherein th2 polynmer has a yield of from about
500 g/g to about 10000 g/g. 15. The nethod of claim 11 wherein the pol yner
has a dénsi t Whefmethagnefagieint 1 0v1g26n dhe cortastinp ovith Gl mrovexidel 6eeuiha aret hod
of claim1l wherein steps (a), (b), (c), (d), or conbinations thereof are
per f or meempayatiedé frof abopefdfGrto akbut ASGEtfhoaltime wpradsefifipm abxdudlil zingge o
chromumtreated support to forma polynerization catal yst; contacting the
pol yner iabadtil@moerat al yst with carbon nonoxide to forma reduced

pol ymeri zation catal yst; contacting the reduced pol ynerizati on catal yst

wi t h hyd ogefht¢ oeflodwf ahimad twheadie thepohtpote g wigh hsinogeatoatys it a @mgeratund act i ng
the activated polynerization catalyst in the absence of a cocatalyst with
et hyl enefifrmaabeaaltidr amoe 7507defor auimapdrvdradoin about dnilirduteotdsaboot foor m a
random copol yner wherein a conononer is produced in situ. 18. The nethod of
cl ai m 1howheandiana peesdhonofcfegm hiyoue 0. libar pabyatsaywhene havi ng hexene branches.
19. The method of claim 18 wherein the hexene branches are present in the
random clopol e metiodast eainilntwieteih tigtaadigst thad a pottmdrzhorm ity b fikm % based
on the total weight

about 1000 g/g-h to about 5000 g/g-h.

11.  The method of claim 1 further comprising contacting the catalyst with one or more
olefin monomers in a reaction zone under suitable reaction conditions to form a polymer and
recovering the polymer from the reaction zone.

12 The method of claim 11 wherein the olefin monomers comprise ethylene and the
polymer comprises an ethylene homopolymer; the olefin monomers comprise ethylene and
another alpha olefin monomer and the polymer comprises an ethylene copolymer; or
combinations thereof.

13. The method of claim 11 wherein the polymer has an HLMI of from about 1 g/10
minutes to about 250 g/10 minutes.

14, The method of claim 11 wherein the polymer has a yield of from about 500 g/g to
about 10000 g/g.

15.  The method of claim 11 wherein the polymer has a density of from about 0.920 g/cc
to about 0.96 g/cc.

16.  The method of claim 1 wherein steps (a), (b), (c), (d), or combinations thereof are

performed outside of a reactor.



of the random copolynmer. 20. A method conprising: reducing a polynerization
catal yst conprising Cr(Vl) to forma polynerization catal yst conpri sing
Cr(ll); amo2rosar4i7eg t he pol yneri zation catal yst conpri ®CmgSaiodd778v t h
hydrogen. 21. A catal yst prepared by 2he nethod of claim1. 22. The net hod
of claim1 further conprising contacting the catalyst with a feedstock
consi stilg edsmpthpdromprsinget hyl ene under conditions suitable for the
pol ymeri zation of ethylene and recovering a polyneric conposition having a
density of f osidizatgahron@sbtreptescsupporhtodorm @ polz@erzation catalyst;
contacting the polymerization catalyst with carbon monoxide to form a reduced
polymerization catalyst;
contacting the reduced polymerization catalyst with hydrogen to form an activated
polymerization catalyst; and
contacting the activated polymerization catalyst in the absence of a cocatalyst with

ethylene in a reaction zone under suitable reaction conditions to form a random copolymer

wherein a comonomer is produced in situ.

18.  The method of claim 17 wherein random copolymer is polyethylene having hexene
branches.
19.  The method of claim 18 wherein the hexene branches are present in the random

copolymer in an amount of from about 0.1 wt.% to about 15 wt.% based on the total weight
of the random copolymer.
20. A method comprising:

reducing a polymerization catalyst comprising Cr(VI) to form a polymerization
catalyst comprising Cr(II); and

treating the polymerization catalyst comprising Cr(II) with hydrogen.
21. A catalyst prepared by the method of claim 1.
22. The method of claim 1 further comprising contacting the catalyst with a feedstock
consisting essentially of ethylene under conditions suitable for the polymerization of ethylene

and recovering a polymeric composition having a density of from about 0.935 g/cc to about

0.958 g/cc.



