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of the silica_support is carried out in batches of
time Sy drproye the eét[méglcé of thg é)ﬁerall polymer manufacturing process. Thus, there is

an ongoing need to develop improved catalyst activation methods.
SUMMARY OF THE INVENTION |

[0004] Disclosed herein is a method of preparing a catalyst comprising aging a silica
support in an alkaline solution to produce an alkaline aged silica support, removing at least a
portion of the alkaline solution from the alkaline aged silica support to produce a dried silica
support, and activating the silica support to produce a catalyst composition, wherein alkaline
aging lowers the surface area of the silica support to less than about 50% of the original value
and wherein activation of the silica support is carried out in batches of equal to or greater than

about 500 Ibs for a time period of less than about 8 hours.



about 500 I bs for a tinme period of |ess than about 8
hours. [ 0005] Al so disclosed herein is a nethod of
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produce an al kaline aged silica hydrogel, renoving at

suppogeds thramjyor toropsisions ¢hemagdalin fising tBoFURPPS MAtsrighte preduce a fused
al kal i ne aged silica hydrogel to produce a silica
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a catal yst conposition, wherein the catalyst
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xerogel, and activating the silica xerogel to produce a catalyst composition, wherein the catalyst
composition has a surface area of less than about 300 m?/g and wherein activation of the silica
xerogel is carried out in batches of equal to or greater than about 500 Ibs for a time period of

less than about 8 hours.
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[0010] Figure 1 is a flowhart of a nmethod of

preparing a catalyst. [0011] Figure 2 is a plot of
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ﬂ”tvﬁﬁTg%sﬁfgggggg%Bherein are methods of preparing a
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solut‘o t&zgrodgce an al kaline aged silica support;
ﬁ”“F@ﬁ@QCﬁBWH XPOREEL- 2 portion of the alkaline sol ution

fromthe al kal i ne d silica suppart to produce a

dried silica supp ,AHHQDQE§?65559§ the silica

support to produce acatal yst conposition. Processes
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may be carried out for a reduced tine period when
one IRYAEEROLIBERS FFORTYiHehacipw.chafiselosed syFransaangiy deethods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations, drawings, and
techniques illustrated below, including the exemplary designs and implementations illustrated
and described herein, but may be modified within the scope of the appended claims along with
their full scope of equivalents.
[0016] Disclosed herein are methods of preparing a catalyst comprising contacting a
composition comprising aging a silica support in an alkaline solution to produce an alkaline

aged silica support; removing at least a portion of the alkaline solution from the alkaline aged

silica support to produce a dried silica support; and activating the silica support to produce a



of an alkaline treatnment. Hereinafter, catalyst
conpositions prepared by the nethodol ogi es di scl osed
whegoeiossiend subsequently activated are referr eRlCT/USHG8/013497
rapidly activated catal yst 4onpositions (RACCs). The
vari ous catal yst conponents and the nethods of
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chrom um whi ch may be introduced to the RACC

supposinnai: be gparkd aisiog eayrisviablcometoth Py S sRpesiatan vhefqﬁoaeﬂ@us co-
support. The chrom untontai ni ng conpound nay be one or

precimitegor; anbsufacs inerseguetien ofcpilich rvm%] afiRipmtcgataining compound such as
hexaval ent oxi dation state (hereinafter Cr(Vl))
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3.0 cc/g.

[0020] The support (e.g., silica or silica titania) may be present in the in an amount of equal
to or greater than about 90 percent (%) by total weight of the RACC, alternatively equal to or
greater than about 95%, alternatively equal to or greater than about 98%.

[0021] In an embodiment, the RACC comprises chromium which may be introduced to the
RACC via contacting of a chromium-containing compound with the support. The chromium-

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



conmpound: alternatively the chrom um cont ai ni ng
conpound conprises a hydrocarbon-sol ubl e chrom um
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chromum (11) conpound, chropm um (I11) conpound, or
conbi nations thereof. Suitable chromum (I11)
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her eof . Exanp Ies of other suitable chrom uncontai ni
Sulf%n@&m&@ .Wé| s eftrpaign BUDy Pergprienelremivn {110 pyrmolite(s),

hydrocarbon liquid; chromumtrioxide in water;
chrogi f linperetteratee chivmikim edl) chiowts, (h ¢antbingtigns ghereof.  Suitable
al cohol ; zeroval ent organochrom um conpounds such as
chropiunk §HH sempeindsr inahideo iyt @seesot imitede foarahrasmnoud uprigpechromous
chrom um and di benzene chrom um or conbi nations
chloti¢re plwomoustirotisia.cdebnadus dedidenshsemiymelle bistZeetiidhexandstad, dhrpmium
U.S. Pat. No. 3,976,632, which is incorporated by
(1) neefats; eshoeniwer @) rbutyratet shremivnr €ll)y nedpe@@®iateCishiormiiwm (hylaurate,
be present in the RACC in an anount of from about 0.1%
chrompuna{flitstearate, 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



10% based on the final weight of the RACC
alternatively fromabout 0.2%to about 2% or about
wa20908028] An enbodi ment of a nethod 100 for PEEUS2008/013497
preparati on of RACCs of thestype disclosed herein is
depicted in Figure 1. Referring to Figure 1, in an
are &@Hgfébﬁﬁfl} s. Pat"RbN2974,05, Rich R ihécpsRated b?'r@l@l’en&elﬂerem in its
the formation of a hydrogel A hydrogel is a
em“ twork of silicate chains that are insoluble in water
d may be found as a colloidal gel in which water is
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osure w focus on the use of a silica hydrogel
abo H&hough ot her hydrogels of the type described herein
l? , silica-titania) are also contenplated. [0024]
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then be contacted with an_al kaline sol yti on

silica hgdroge) @ﬁh@t@mﬁhe@ hadrggels,sf thegyre deser glalﬁa)s(e(ge 5é11ca -titania) are

bases, buffer) having a pH of fron1about 8 to about
alsopg@nterapleigfinat i vel y from about 9 to about 12,
alternatively fromabout 9 to about 10 at a
[0024¢ npelnan @méo%fnents thahagrees! cempiires sican b siicolydorge! Hay be formed
fromabout 70 OC to about 85 OC, or at about 80 OC.
by chnieetingentalkali meted sdichte suchiay dodbera iliggje with 88 afid such agqulfuric acid.
al kal i ne sol ution under theconditions described herein
Theicenth@ingmthy &k katich eutagilerguitableecond ikersifereexampla bl Greapsgf myging or
conpri sed of any conponents which provide a sol ution
agithlgi NThehslich Belragse thay srrgfaghandashede with yater i dotler wiithhany hrwitable
ot her conponents of the conposition. For exanple, the
compbitrl dudle as @hntbhiam salY(e.g., ammonium nitrate, etc) or diluted acid to reduce the

alkali metal content of the silica hydrogel. The washing may be carried out several times or
until a user desired result is achieved.

[0025] The silica hydrogel may then be contacted with an alkaline solution, block 120,
comprising one or more basic compounds (e.g., bases, buffer) having a pH of from about 8 to
about 13, alternatively from about 9 to about 12, alternatively from about 9 to about 10 at a
temperature of from about 60 °C to about 90 °C, or from about 70 °C to about 85 °C, or at

about 80 °C. Treatment of the silica hydrogel by exposure to an alkaline solution under the



conpri se amoni um hydr oxi de, potassi um hydr oxi de,
sodi um hydr oxi de, tri al kyl amoni um hydr oxi de, sodi um
w@piovostieo and the | i ke. Other suitabl e compouneGT/ESIH08/013497
anounts effective to provide a solution in the
di scl osed pH ranges may be utilized. [0026] Al kaline
condé@nsndesofibedherein Isitermeb yitkalgedgingayThb alka he dofdion wiayf@comprised
time period sufficient to | ower the surface area of
of artyh@ngioh¢rtawhidh pedvide © sdlesdh pHN @ the kiMelos&@DPngds dniire compatible
original value, alternatively to |l ess than about 45%

with Othe tofier @bingbritals Mfathdesoniotifsm atFor @kdmple, 1heSikalii@Rolution may
about 40% of the original value, alternatively to |less
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area of an otherwise simlar material that has not

hydr&88d) saditid! siiRere 208 dhe (fIR. dGHher Withsle LOBpSMES AfLaRELB fective to
the base silica or C/silica, the xerogel is first

provide 'a%gluﬁén i A AR pI Pank & RMEveafifigdgoed conmponents. For

exanpl e, the support may corprise a silica support
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I ed out or a of fr
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enpve _al or ortion of the, a us solut
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0 |on be dri ed u5|n tandar t echni
virgig &5@ 3@ l%@%ﬂﬂﬁ?{mﬁ waylfprd ucesﬁ?%@aca AR ﬁg ab%w 688%% Hoyyever,

with a volatile |liquid organic sol vent of 5
alkalm aging may rgdHeg By guitece ag%ﬂ 9E Hhes SUPRRTE (@) éesw tf“Hb s'eout 300 m/g,
limtation methyl isaobutylketone, ethyl acetate,
alterngtively 1o WS thancabei 280ﬁn ’fg gligrnatiye Qléch[gps thwbyptaqméﬁ@ alternatively
di i sobutyl ether, iso
to leggdanzabeut32fst fey |10 po @mg%mrapnt the plk#lingaeing isxapéadioahfr a period of
~1-hexanol or conbinations thereof. Drying of the
time of fromaabatldrounto abayt Zoeuesr or frdme adul § baurk jaiztogel 0 hayrsg or from
silica xerogel and the resultant al kalineaged, dried
abous 3 hpwraitorabpedr6ilmlrsi s herei nafter terned a precursor
catal yst conposition (PCC). The
[0027] The composition comprising a silica hydrogel and an aqueous alkaline solution may

be further processed to remove all or a portion of the aqueous solution from the composition,
block 130. For example, the composition may be dried using standard techniques such as
thermal treatment, spray drying, or contacting with a volatile liquid organic solvent. Examples
of volatile liquid organic solvents include without limitation methyl isobutylketone, ethyl

acetate, sec-butyl alcohol, n-propyl alcohol, butyraldehyde, diisobutyl ether, isopropyl! acetate,



PCC may subsequently be activated to forma RACC,

bl ock 140. Activation of the precursor conposition nay
wheoogmssiped out in as will be described | ater PEr/E51908/013497

[0028] Chrom um may be addegl to the precursor catal yst

conposition (e.g., a silica support, a silica-titania
3-meWPR Mutaho Bl -paAtindl] Berfiaiol, NthekdiRd] Syddhtbarfitisnsthe@eeS Drying of the

an enbodi nent, the silica support (e.g., hydroge

silicARA{eARl MY @&ﬁ/lsﬁt theSsifitl hydesge LN Sifit£ ervdel And tHeheQuMfantnalkaline-
cont ai ni ng conpound prior to, during, and/or after

agedahnkéﬁ $ifG AL is hdleifdTict PdPAEd ABRursé catalysCeonhheditio@ @PCC). The
and/ or xerogel is contacted with a chrom um contai ni ng

PC&QQ@%E@uBﬁInye defvaAddBlfbitEa RACTY blodk 1 5. NALHVAALY ofthe precursor
silica hydrogel and/or xerogel that is subjected to

com@z%]skt%ln'nﬁh? HRIhAGd BEYn BewRREtiBEH Wef Kerén.

rom um contai ning conpound of the type previously

[oozggscrdtp&th]ehﬁ Npef 9&&69‘% ntge %lréfzﬁllsbrn BatAPt er)meEmon (e.g., 2 silica

nmbi nat1 ons t her eof Cr-sil |Ca mat eri al or support
suppoﬁ %%EﬁeﬁtaMQ glapr%%gg%tta%:y r*ﬁlﬁ]eg&(l:ﬁ% theC ﬂﬁ@ﬁ;h Bﬂgﬁésg ?rtl)[g %P%E&dnment

conver - xer

contglgtnglcorrrrl?gl} tr{(])?to gcrl e% ar?(ﬁ(t)rl a\ff%{ glgal ng ?irngelﬂ?gn ?xﬂb&ﬁﬁléﬁ{ a silica

er nati an ac rza

hydrgge[l Ia{}g(?)r @r?%f r{@ C(;;?c?eg rl} rrer%g nt—<‘;Jlog1#a‘ci'r§:1rlé‘giO %o%;%uggéngrec? alkaline
seingpPa e Rl R asc%%%roegelr P ki el ve
el ST Eﬁra%éwé{c%%hégfceﬁ%géw S, SR e e

the static or batch node, g r a tus
Folloig < oL O AT O ey N8 R B oF Support s formed
sequentially to various stages of t he actlvatlon
upog e of WKC%W@‘%P& Fm%é”l%ﬁéhmﬁ‘ﬂé“ -SniRjRiag &PmPﬁ%Ud In an
process can occur in a series of zones through which
embopienepe (aglicadydrgel is aliatine eged qug sulspeicaidy F%{W%to a silica-Cr
apparatus.[0030] In an enbodi nent, the PCCis
xerqgelt i vated in a fluidized bed activator. In a fluid
i zed bed activator, gas may flow upward through a grid
[0029) at elncorembodimegt, nimrigp@; pedclivatsl te pradpemanieiivh catppst, atively
is positioned. The gas may contain vari ous conpounds
an detivecpadaheizatiaohesitalyab| EhePOCesfsthe prastint distlgsureniney tivatpd using
be mxed in the gas as it flows creating a fluid-Iike
variblisopes of activator equipment. Any vessel or apparatus may be utilized to activate the

the SIIlga sg’f{pogcé Cgh 9%09 l an o?lxgl%l EIZQS %ﬁﬁﬁta%@%ﬁ#%”&ﬂr&mum

PCC including for example rotary calciners, static pan driers, or fluidized beds. Such
equipment may operate in a static, batch, or continuous mode. For the static or batch mode, a
vessel or apparatus containing the catalyst bed may be subjected sequentially to various stages
of the activation process. For the continuous mode, the stages of the process can occur in a

series of zones through which the PCC passes on its path through the activation apparatus.



This is often referred to as fluidization or
fluidizing. [0031] The activation may further conprise
whe@vsigod he PCC to a desired tenperature in OPEI/U82008/013497
nore stages. As used hereim the term "stages"” refers
to heating the PCC to a desired tenperature and
[003bjo] dimgh érhievdirrepeth@PQCds h@ivatad pred fleidized bdd d¥8vatdy. Ih agRiidized
may be perfornmed when the PCCis in a stationary

bed ishtbl, @as My By wWEPH aRg) tl{rb\%hFécéEld plaeU@htaindi MBS small holes upon
| ocations and may conprise a ranp up tinme to a desired

which @RPRC@ LI pesitned. N Thél batomiheonBiCvatout BethpduRBPRY @td# & desirable
for a certain hold tine. For two or nore stages, there

proc¥¥s lcbnddonk WIh@ PCIDHSy b MikedAn tHeBS as {tWdWR rcréﬁﬂﬁ@ a dR&-Iiednow.
tenperatures, and two or nore hold tines. The ranp up

Thistid JRA rdT@Yedls ad NAJBAMTR RHuliddeer ent, for exanple the
ranp up time may be instantaneous (e.g., preheated

[003%VI RO A& Rhdiod Mal Estthet @@rﬁ‘prﬁ@@n@&m@ thOPES 10 aQRFLd temperature in
nerci al activati on of PCCs the type descri bed

one Q&hére rlta&é’sp 'A%ajsécy ST @ednarsglge Qé@ﬂqé ’h?zitf?lé rfﬁe,dPCC to a desired

commer ci al batches, of these naterla S

templégpe M%ﬂﬁag (@8 @n{pgﬂ%uré ?or% ay ! !A’]ga%et}ﬁéﬁo erformed when

mat eri al s over extended pe tinme Vat ed

he %% §ts{é'518§ar}( Sosgnon <§009Q§%vm fﬂe Cgt%%glln [J?r%tus l&claﬁons a]nd may

't ne agl ng process'i1s C a conmerCl

com&%& ‘:31‘ z}f%% Lﬁ%ﬁ%{o?ag%w&{tfﬁ&ir ur%%g{i"ﬁ#;l ?Ithecp%{@a%ﬁgt ten%peglture fora

€ ca f anspor
certam lgolé plr%ea%lolr yac} brorlgnope s?a gss %here WCIPB {werﬁqr%rorlflx%)rgermp up times, two or
cess un| enbodi

{
%S%cttfwé%af%té%? AT ol b TSR Uit red T om
. t t th boyt 500 | b
o T ERR G 8 B S SRS H LD S

ternatively equal to or greater than about

750 |

“”e%@ﬁﬁapﬂgﬁéﬁF?ernatlver equal to or greater than about
1250 | bs. The tenperature( sé at which the

0032+ i Gemasraial pehatign iRy 681of the Aypgidesraibed bf‘sf%‘P tﬁé%al”ifélélhze large
result. For exanple t he tenperature% be in a _

voluxlnghgém cqmracﬁcplabl&ﬁhesl@@tl@@ myergi§e-, 100ty G0 pounds) and require
alternatively fromabout 600 OC to about 900 0C,

slowly| heatingatheseemgterialy oy eriratpndebperods potimp e elesued @mperatures (e.g.,
Activation of a PCC prepared as described herein my

800°gp maanrdndgdinent, ithepd kilipe aging peogessyd carriad cut by dgomuhercial catalyst
anount of tinme when conpared to an otherwi se simlar

manyfertwosintd armmérainl ewialysh otansfattiueng fadilityp thehatalyse st tramsgosted, and

the activation process is carried out by a commercial polymer producer in a commercial
polymerization process unit. In an embodiment, the PCC is activated in commercial batches
wherein each batch comprises equal to or greater than about 500 Ibs of catalyst, alternatively
equal to or greater than about 750 lbs, alternatively equal to or greater than about 1000 Ibs,
alternatively equal to or greater than about 1250 Ibs. The temperature(s) at which the PCC is

activated may be adjusted to achieve a user desired result. For example, the temperature(s)



descri bed herein. In an enbodi nent, the PCC may be
activated for a tine period of |ess than about 8 hours
w@roovkgsipexi mum t enperature, alternatively | esBCT/I82008/013497
about 7 hours, alternativelly | ess than about 6 hours,
alternatively | ess about 5 hours, alternatively |ess
may b8 @Na ARGUGF Aol QB 408 PC & kit ME)IO)PCl gissndihean fi@hnabouBB600 °C to
hours, alternatively |less than about 2 hours,

abou@b@(ﬁ@ aldriVElyl RS abduans (eddistabdutBOOIPC. thltldi‘@n OF a FOCSrepared
stages are useéd, the total hold tine is the sumation

as déaéndae Inhefni (ABBLd @Fricdl dut H ?Rﬂ)ﬁ YRIREmAL irf NRdIBNI BMSTht of time when
tenperature.” Ther nal ivation in stages is described

com;f)ét‘&; Ben | dihddviZe s n’ﬁlaﬁnéo sitifin Qiet \5&%On&n§1b}éct§d t6ah€Nteatments
Application Pub. No. 2005/0255987 Al published on

desc}\ls’e\é%tw th/an AfifdimeaR Gk BEC Wl &8 al:t?va{eaq”@rr PAMBDHEGODNF less than

reference in its entirety herein. |0033] Wthout

aboulg %B\iﬂ@ gt 60 nB&jrhdoTtdnfifdraiife, aﬂ@t‘ﬁﬁ%elﬁggs'tﬂa@lt db@ﬁ‘t ’PﬂoJrJ" Qltéthtively

results In dehydroxylatlon and anneal i ng of

less R BRS 6%&%%1@?@1 a% E&QT St 5 lﬂBﬁrp earltelanWy fepsethg‘rpﬁkf P@ hours

area. Thus I ne aglng step i s enhance

alterEartlQ/Ql? r]% lga?'x] #%Lﬁg ’hogﬂgerl&mn@e(fy 1eSY thart B8ut of hJuPsg aﬁéﬂ?ﬂvely less

ature activation for

than %E out (?qwur -E o) e%ronr]oere tstggr%%necl?sgd %Ma\ f8ld ?&'e@?tlhggﬁhﬂ%dﬂ'&f hold

orter activa I NCreased ac

tlme%E({r. @ él%eensg%/ge%?tgtgg IC r>2iemrume% ratur nt TR #TI%FECtIVLt?OQIBIﬁ]StagCS is described

ot SRS R e HeA S D ?’%&ARJ et Folae W@%7 Al
publis G e PR oLt SRS RRUF dTRporaie R rP ey ™ o

of the catalyst. The activation process nay convert
herefr om about 10 to about 100% of Cr(111) to Cr(VI), or
from about 30 to about 80% or from about 35 to 8$out
1003850 AKchapt erighing don Bodiaved. by thsoRbEGHVaIo G ey PCF Fglts in
about 0.2 to about 0.9% or fromabout 0.3 to ab
deh)@rcgiggl%l?ro@rgg]mqeﬁlugnofe%émmgﬁpateq:@go@@clbpaq ﬁgthply }géver the surface
descri bed herein display a decreased surface area and
arcaa hisn ifitecallstlinp egiag dien ifenbancghrd REenepRdigsted ogp can achieve some
ot herwi se simlar catal yst prepared in the absence of
of thenvamat kexefitsef highaempanature agtivaberetoe e dimewmsrieds. FRRercéorg fenhanced
the type described herein display an increased pore
alkaligd apieg edngperoi shatee detivatiom time$h emordase! astipatioarefficiency and higher

equipment output.

[0034] Activation also causes oxidation of any of the trivalent form of chromium (Cr(lil))
to the hexavalent form (Cr(VI)) and then stabilization of the Cr(VI) form. As used herein, the
term “stabilization” refers to the activation process resulting in the Cr(VI) form of the catalyst.
The activation process may convert from about 10 to about 100% of Cr(III) to Cr(VI), or from
about 30 to about 80%, or from about 35 to about 65% and yield from about 0.1 to about 1%

Cr(VI), from about 0.2 to about 0.9%, or from about 0.3 to about 0.65%.



catal yst prepared in the absence of an al kaline
treatnment. For exanple, the surface area of the RACC
woreaponstige from about 100 neters squared per gPEIUS2008/013497
(nm2/g) to about 600 n2/g, at from about 200 nR/g to
about 400 nR/g, or from about 250 n2/g to about 350
[003812/ 9. In Bn 2ABbdigkne FOOCCITeNhe tybe defiBedlhaldBt @kpleY at MiRreased
RACC ranges from about 50 Angstrons (A) to about 400
surfabe a@h ahd @mirkR@sdd pbdd didme@r ahenitondfatkdAo aarothdrRide allat catalyst
200 A to about 300 A. In yet another enbodi nent, the

prepited & e labiRcObr i akRNCEchRREE S Ednteabithents, RABEs of the type
centineter per gram (cc/g) to about 3, cc/g or from

descABAUerekn isplad gmtlﬁ‘cr@d%@& oré - WiunteCivBerPEonh faRil ROAUSthdrwise similar
cc/g to about 2 cc/g. [0036] The catalysts and resins

catal9dt prpBre@ {PHE AbsechddV2h lafkalidd treBimdROCES) ex@mPlel he SMERE afeQlof the
any ol efin polymerization method using various types

RAC@ mBRPFABE b &bbRN 00 %?gq%areé\ieﬂ"gcrﬁg (Jﬁe?% Plobout 600 m %/g, or from

"polynmerization reactor" 1ncludes any polynerization

about 886 1Pl (5 3BER! R09hY/H Ur e 'al;durt]QS@ln‘?fg‘ UC%B %rﬁzl OIn another

produce homopol ymers or copol ymers. onnpo ner s

emb&ﬂﬂelﬁ O[H@l)éfgﬁ{aﬁleéF 5f t @m@@gnéeg’ fi8m ab '56%\og§tr (%w?r;a@obut 400

e various types of reactors inclu

A, oﬁﬁcéxﬁ eb&li186 AL R a@&g%b Kor %IJOleé{bX?t RBK RNA36 30%0%254 P another

pressure, ul'ar "or autoclave reactors

embg il?lg'lﬁ, d{hgﬁg}eo\;ogh nl,";[ﬁgf {2 q?(éé ?a %ufrgrln Zaggutblegubrlcege%h Ler 9L per gram

ri zon reactors react ors

o B L e R S o
2CC/Reactor types can include batch or continuous
Brocesses. Continuous processes coul d use internittent
ti nuous product_ di scharge. esses .al so
1003, BRSBTS ot Gons o he Bremat i) dhee R Gan o daiera for any
nononer., .un-reacted conononer, and/ or diluent.[0037]
olefipgplymgtifasion msfhof esiag Sariody Experraf Qﬁly'?qﬁ@at&négmrs As used herein,
i nvention may rise one type of reactor in a system
“polyjperizafiqn; fgpedory @&ér@ﬁ §%P°1t’ﬁ‘é“7§ﬁ% regptogiFapekle émpoww@zmg olefin
Production of polyners in nultiple reactors nay
MONPIARIP tpdodlsy Bprappadyragiegr Gopolymerse #4¢h hajppelypgrsaang copolymers are
pol ymerization reactors interconnected by a transfer
refergpd\ip @@ repiisi argpolimesn s Jhoverique typeares fresctorshiaclydé these hat may be
resulting fromthe first polynerization reactor into
referteideo 9 batall lwae ges-phash esolitien, high predsymeetubzrlat poautoclave reactors.
condi tions
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 intermittent or continuous product discharge. Processes may
also include partial or full direct recycle of un-reacted monomer, un-reacted comonomer,

and/or diluent.



in one of the reactors may be different fromthe
operating conditions of the other reactors.

WORG0e0sEdd vel y, pol ynmerization in rmultiple reaR@DUS2008§13497
i ncl ude the manual transfen2of polyner from one
reactor to subsequent reactors for continued

[003PP! Y PBlyhizaLdtion reddk bysiin® dfeRCHrofenShiSEEIOR ni\ompeseuste type of
any conbination including, but not limted to,

reactdHIntd $5@ml RARIiHIAEda008, of TR dain o diFfteent 8PEL Bfodluctidn of polymers
conbi nation of |oop and gas reactors, nultiple high

in mB_fti?FésréHcﬁ)ri R3¢ IRude Hverl SASERIIMALIERNWOf sepir@h pPIyR8HLHtiON reactors
with | oop and/or gas reactors. The nultiple reactors

interEhme &l OPLEBIEE delicS RlakBg iossible Rafralskeelhe fdNIRES resulting from
According to one aspect of the invention, the

the Y pOITBelZ o FBact? RS e sSIORH FERATRY TIROIERIFd dSdl yherlz8@ht conditions
one l'oop slurry reactor conprising vertical or

in oRObf B Rtord AR e VRO B om Bel iR Rking €8-S tof@Rother reactors.

optionally any” conmononer nay be continuously fed to a

Altel(‘:ngﬁ\?ﬁllyr, %@&%Fiz%ﬁ ff nﬁﬁ%ﬁ&jt&r@tﬂr{& ri‘nc‘llﬁi@ W SmafeRNE4Rtek ¥f polymer

nuous processes y conpriSe the contl nuous

fron{. &{errgag%ﬂci sQlBse(aIJen‘ff‘regagr%%rc’on@nu%@hgk%grtizati@:ﬂ Y Gile lel bRy systems
Into a poly us

mer1 zation reactor a the continu

r.e | f i Q. PENRI L Si NGy

moy Ty SEREhA IR Bl o iy OPRDERRIoGRIHE lple s

be fl.ashed remove th [ t

reacfg?qual 8%“1{” goncgﬂgorolps%ndt %Eés &%Ftéghtl&hﬁ%%gﬁ%{ pgeﬁgﬁéorr&%tors ora
onmpnoner.., Vari ous.technol ogi es be us r '

com BRI e SRaRY P deh 0. Son oo RS R eh2hS may be
that waé incluqf any conbi nati on of heat addition and

opergied SLGHES PR n: “separati on by cyclonic action in
either a cyclone or hydrocycl one; or separation by

1008 ARG 1P LORSSOY e FETERY el T O P TR may
process (also known as the particle for roce s%; | S

comgrisecat deasigoner lgpp elENHETastor compYIsEIg YSEHGaK PF ‘R%EZF’“%‘, %& - 1hignomer,

4,501, 885, 5,565,175, 5,575,979, 6, 239, 235, 6 262,%91

dilugiridcatil gt 3nd; pBtionaly AN FOPROBIST MY heceanbpoaslyfed o a loop reactor
reference in its entirety herein. [0040] Suitable .

whegti palenerizatigregcours. Siengrally. Sentinkelsi Fagessh Mayqogwese higicontinuous
are not limted to, the nononer being polynerjzed and

intrdwipciicocefr horesomprata catadyst jagdiaddilugnidiato # eabypieppation reactor and the
condi ti ons. Exanples of suitable diluents include, but

condueun emadvilnfrore dhis agactoy df @cwsisosien seroprising palypernearticles and the

diluent. Reactor effluent may be flashed to remove the solid polymer from the liquids that
comprise the diluent, monomer and/or comonomer. 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.

[0039] A typical slurry polymerization p'rocess (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,



cycl ohexane, isobutane, n-butane, n-pentane,
i sopent ane, neopent ane, and n-hexane. Sone | oop
w@oloymstidrat i on reacti ons can occur under bul KPCT/US2008/013497

condi ti ons where no diluent3is used. An exanple is

pol ymeri zati on of propyl ene nononmer as disclosed in
6,239035, 6262, 9t arld06383304 14 Déack dAwhioh isCiicdrforhtBd 8 PFérahRdn Y entirety

reference herein in its entirety. [0041] According to
hereijet anot her aspect of this invention, the

pol ymeri zation reactor may conprise at | east one gas

[004@has SuiiBRCAiRkents DeNin SYE YTy i@t aiPhOMd2 bAOAH inBHGMed to, the
recycle streanlcontalnlng one or nNore nononers

mon&radit EWH&%Mer@z\é@'é‘ﬁ@ RyarRb®bnsAthd Hiedlidfs BRMdr rdactdie conditions.
presence of the catalyst under polynerization

Exang0diftsufiiste difuehBGHALE, %Lfﬁa%mlt&ﬁto%% Safbis SEAMstfiépane,
f1ui di zed bed and recycled back into the reactor.

cycloreXaAb! ROGRME! N-buRRd, YITRdntdAE Odbiichtal®YneBfentint, hg{daﬂ\ﬂeJaEQmSOme
the reactor and new or fresh nonorer nmay be added t

loop 'pERhRALatbR FeaRRoné B bE&H uARN SRS conBHGH »gl?e?‘e 9(13] aﬁﬁent is used. An

reactors nay conprlse a process for nulti-s

exarrg)?eslfg E&@f}ﬁ]efq%%g‘gf Fn%ﬁ%l 19é1m81f10n?ér %g H g‘losed M Un% %teﬂ ﬁg I35455 314,

yneriz he gaseous p ase in I"east

which IRREAE0S pORR:AREREATL XOBRIAAL | on zones while

st-contal ning polymer formed in a

[004lei r StAc%%hMg?cg ggtaa%nbt% gsgﬁ? 0?91 sam§ Ct%ﬂdthg aolg/n%wza%lan -reactor may

ase reac or i1s ose

IS I ncor
contaé%l%gr%e %fnb(%er% glop?]r\r) rﬁf?rﬁkuoucf Oﬁryghg %}rélggg}tr ldlze%ﬂ)ed in the presence
oL 35 P RS ) I o o
i B R Tt e s o

ert gaseous stream and introduced at one zone of the
W'thﬁ*ré%tf&m thrireaclr g, B 4 yI§3E, maRAH rMdYaa| 4dded to replace the
component s Ey be entrained in a gaseous stream and
polyingfized dipiecaSugh SRhehasy BReloBf MAheOMREIe B JIoceThior giyti-step gas-
streams may be interm xed for polynerization. Heat and
phase) pelyprizatinm f plefiasnil vish odadinp efsrpodinedrized & bpasequs phase in at
opti mal pol ynerization reaction conditions. [0043]
least Ao oindipandent ggsephasa polvmerizatipe gonasf whitee faeding rt casalystichigaining
pol yneri zati on reactor may conprise a solution
polyiperd fprmegd in at firstnpal e tzationvdvee & msdched payroeriatiprszone. One type of
contacted with the catal yst
gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4,588,790 and 5,436,304, each of

2,049, 4 588 790
comprlse ﬁt lea% ?,d%tgg'\bhase reac%o pS(l)JrcPé§yét(<]:mB eefné)}oé/r? 8nﬁ‘1rﬁ10fl% réacycle stream

which is incorporated by reference in its entirety herein.

[0042] According to still another aspect of the invention, 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,



conposition by suitable stirring or other neans. A

carrier conprising an inert organic diluent or excess
woremwonss1omy be enpl oyed. If desired, the nonoPEr/USMYS/013497

be brought in the vapor phage into contact with the

catal ytic reaction product, in the presence or absence
catalQts, lah @bt Ehtd1 Pk @6rhgdnentd ey el eyifiEinédZiatd @Becti® BeanSand introduced at

mai nt ai ned at tenperatures and pressures that wl|

anoth® S ofitik deb@orf MRk QRab may $0linddrmdRd @r goend?iRhioNe Heat and
in a reaction nedium Agitation may be enployed to

presQRL @by Ibdd&h J18ed bBFBSH ALY o bEAMSHtiMal BéldméErzali®d Rh&ioR conditions.
uni form pol yrmeri zati on m xtures throughout the

[004BP! Y TRELAREI 16 Vel Sidther AYREUG tRe TRENDNAE pdlynleliZRBn frédctor may
di ssipating the exotherm c heat of polynerization.

conn%@sg%%gluE% YOBhEZALbPRaEATERES tRUhdBRkLIscBAtadi@lBwith the catalyst
resent 1 nvention may further conprise any conbi nation

conn?éesg%'h gy%@ﬁébl@ﬁﬁriﬁgaw R 88daRd. A @8HeSYoRipPRIng 3h inePPstban® @iluent

system for catal yst or catal yst conponents,

or e QY r?&noﬂ{er Imedgsbg eﬁ‘[obﬁ)yg | YiREirddCHe WIn¥meY Rh B brawbittaR ki vapor
reac _or systéens r‘the present I nye_nt | o_n may farther
phas% Q%rcloﬁgctsec(jﬁlﬁ %{Escaftaq icf x%ggﬁh %&u@f" i ftﬂecﬁ’rgéeg&' o s_ajlc)ést;f liquid
storage and preparati on_, ext_ru3| 6n, reactor cool i ng,
ofyRper reco. ) CLI. .
o BT LA o) R PP RN o YRR v s
in ttﬁ)eg?cilﬁ%ﬁxqcngg Iflgsh%glg? .tolgﬁféen%él?’rg(négﬂ{ Qorlﬁécglgnf ddium.. Agitation may be

e o] vide resin
i es include t ture, the . .
ey RO BrfbIA, pORCeB g e £ b R PRy b g mixures
oo GG S rhor SLEHAR BB LY Rt e

Sui tabl e polyneri zation tenperature may be any

exoth@rpeheat f R YEI&HiNhe de- pol yneri zation tenperature
according to the G bbs Free energy,equation.g%ﬁfcaluy

[0044hi s Rohumagigationrreasiaratitiable dor tRPTESILIBYTIT 0B BIGY BREINCE gymprise any
exanpl e, and from about 70 OC to about 110 OC,

combmpardetray leaglometrpe majgsial fred syttt 192511ane fecdsxierg for catalyst or
[0046] Suitable pressures will also vary according to

catatylyecompardnes; arghier ablshsteRe PYEDETIRCOVSIy SYSteheStaBlsJgACEOT pysfems for
l'i qui d phase polynerizations in a |oop reactor is

the prggEinciabényioh emy forthen caropisepxstems for sdsiock pupficajias, jakdiskstorage
pol ymeri zation is usually at about 200 - 500 psig.

and lfraphrapiore ssunsiorp odagoe codaigi polymer reedyelyafragionatisnotsicegle storage,
reactors is generally run at about 20,000 to 75, 000

load@8t, Ghboratory analysis, and process control.

[0045] 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.



Pol ynmeri zation reactors can al so be operated in a
supercritical region occurring at generally higher
wao eqopesadur es and pressures. Operation above tPEI/US2008/013497
critical point of a pressune/tenperature diagram
(supercritical phase) may offer advantages. [0047] The
TypiEANGRB lidchlded oM fab¥@Id00eSto 2BAE RBMEES, 16PCkaRMIC AU fréth laBShit 70 °C
to produce resins with certain physical and mechani cal
to abBLORGRE! &Fendr ARAFRDBOTmE At  that will be
od or rrgd&by %%e@gg{]n g%% tﬁe(;rr?etﬁggr(%?&%rm ng that
rodyc e ] S| sin properties. . .
[004@E0h§H%taCbg &g&ﬂk@ Sl taES Y laﬁ,é)gé%{]%?o thF é ,ac%oF anc} chyn?enzatlon type.

_ ropertl es In _ nsi exu
o By SR PGB R 0 RIFOREF T o e
pes LIS S Al B T 20, SRR L s

crystallization, densit stereorequl arit crack .
poly Gt i SRR AP RCB IS ehet Prd RLgobsS 0 s 75.000 psie.
o e AP i, SRR Bt Sl UG o sy

el ectron donors are '&?ort apt i%%rpduci_ ng_these resin

hi ghﬁrt%%e[rzltprg% andpressWssre atio) apeyert Bisglpgint Bf Hpgsspre/temperature

. density. Hydrogen can be used to control product
d‘agﬁﬁ‘l(é%fcélf'%Fﬁ mawg%stagw@s%&can be used to al kyl ate,
scavenge poi sons and control nol ecul ar wei ght. ) i
(004K i fThsy Oneerfration ofs¥aIiopy reagiants Gan B$ Gﬂ'ﬁff’(”e‘é)?‘bﬁé}dt‘?eeées‘“s with
and el ectron donors affect stereoregularity. In
certaiiplysicerand fisshanisat Bigpertes: dhe prresed §'E§hti;seip§,0<£<’i°‘n‘ihﬁﬁ widlpe formed
because poisons i nPact the reactions and product .
by therspeand &, methodoff forpmg it yomesuctofetarmigies theedesis fepin peaperties.
into various articles, including, but not limted to,
Mechapical propertiesumslude tepsile, Hloxalh ohphcc oreepi stresssrelayatomsdnd hardness
film products, drunms, fuel tanks, pipes, geonenbranes,
testsanRhybical grepertidarinduds  gameitye sdsulaywelghbt, us@eculap Wedghndistribution,
these articles, including, but not limted to, blow
meltimglteh pegature X g lasg Sraositiorotedipagiure, cdngteraturametrolf dirysglization, density,
t hernof orm ng, cast nolding and the Iike. After
sterep@yinmity) cadki goswthaldald thaieigarehilg amdhhEdlegisal aaasubamantded
to the polyner to provide better processing during
[0048pNUTTAE tadhden@ating of Ghordast, r@th¢HofRE I Hyldesgeh, Nt da€alydh dmodifiers,
product. Additives include surface nodifiers such as

and 8lkdtidn GREE Sre idPbitddt A B dudimCtkibse i r€¥irS propéiésOXTdhddtomeS14GRed to
as primary and secondary anti oxi dants; pignents;

contfl PFRSS ResiBl dBly&H¥Edh @& be 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 is minimized because poisons impact the reactions and
product properties.

{0049] The polymer or resin may be formed into various articles, including, but not limited

to, bottles, drums, toys, household containers, utensils, film products, drums, fuel tanks, pipes,



waxes/oi s and fluoroel astoners; and special additives

such as fire retardants, antistats, scavengers,
wabmonkans, odor enhancers, and degradati on ageeit/BS2008/013497

[ 0050] Catal ysts prepared ijg accordance with the

present disclosure may be used for the polynerization
geordmtPARE, A, 1inR! VeXRIPh@cesdds PR~ ¥ @Ed S forthhéd articles, including,

enbodi ment, a RACC is contacted with one or nore

but R &HilRS 1d, DI RRKY, @RrARNGnBEE rofatibrial RloRIiNE Akih&Mrming, cast
conditions (e.g., . tenperature, pressure, etc.) to

mo]cﬂ Xﬁﬂe EHeZlﬂ(et hﬂﬂ@ll 861l RerizakibA) SAMItEs BdOMEM@Ers can be added to the
alpha-ol efins having 2 to 30 carbon atoms can be used

olyﬁ‘% {?%??&ée%haspr&%%{%ﬁﬁhg ﬁlanufﬁﬁ@r@ﬂgfdnﬁ f&’ﬁ@m%'d%p@fneg f¥&he end

efins may include ethylene, propylene,

prodlxctbuyﬁ%gﬁweé RRNENGrfade ROHERR: sudh NRL Jh‘f' FéenQUtaﬁtﬂﬁockﬁl tackifiers;
1-pentene or the Iike. [0051 ol yet hyl ene

antl&%ERt@%lué’l'PEsr Ernﬁg\g @8%9&&685&%9&1&%}’b%ﬂu%m\é\" E)r%(:é%g h§ 'élda such as

nono- e produced in the manner describ

wax%po(?l\éeargsg[}%oélgﬁorﬁ&% aluyostsp al (?ddltl%cgc PisCRR ?éilara&ts antlstats

escr erern n an e e RACC I s used

t I h I I I
scavifighy SEHEFEyBErENGY EREIRIRDRARLL N O Oduced bs
[OOSE}LSMC%izﬁ%I;sgperrS?Garee%ﬁl z%/fgorgaf on m?lggl ntsgerrﬁﬁts&lg ure m%g be use%for the

nuf e ar
i t I d f
polY3%r'?ﬁxﬁﬁ°ﬁ§ Bl Ro PSR P sls Bhe ah%”“)ﬁ%‘?’@@?%“ﬁdcb Rgontactd
resin_may be extruded in

wit] BB, P RoP BFROI I Geuin Gt B gt doilith GUIrs ©e.
BB RRE S GNP a%aﬁ&mﬁxﬁmargg%@%é*&?ﬁ@ wglfgins having

use articles into which the pol yner, {% %ﬁﬁ

2 tof38 cADEN PRETGAB DB RSEES e qIeks Ay fafceia] Spoch Sampleg of fhe alpha-
forth.[0052] The RACC may exhibit a polynerization

olefiae miayj ipgJudsortipdensppropylenc Hetens, T EtcharoRiege SRyl butene, 4-

catal yst prepared in the absence an al kaline
methyl datentene or tihkkepol yeri zation activity refers to the
grans of polynmer produced per gram of solid catalyst

[005har gRedysthedenh damopelmets)and ppciymessrbbethyiens with ReheRmom-olefins
has a pol ymerization activity of equal to or greater
mayt beaproduzediin He0Rangémydds¢rited abopgalsingdhoeatajyst dtear RAGEN prepared as
about 2000 g/g-h, or equal to or greater than about
des@@bEd tgtein.h. In an embodiment, the RACC is used to produce a polyethylene
homopolymer, alternatively a high density polyethylene. Polymer resins produced as disclosed
herein may be formed into articles of manufacture or end use articles using techniques 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.

Examples of other end use articles into which the polymer resins may be formed include pipes,

films, bottles, fibers, and so forth.



[ 0053] Hereinafter, the polymer properties disclosed
are characterized wth respect to a pol yner prepared
wWa@I200008€M ot herwi se simlar catal yst that was PCEpPS20081013497
in the absence of an al kal iime treatnent of the type
descri bed herein. In an enbodi nent, the RACC produces
[005pol yMae MAECNGa@ exhibit & NMbBXnedikatiohofvtiaind WomParkble Otoath@Ubf an
10, alternatively fromabout 0.2 to about 5,
othe@lideeyim adri catilygt prepareBOME absedcet 0 ARMME trdat@ent] MEhePlyimerization
index (M) refers to the anmobunt of a pol ymer which can

activit® réfors G& thet R4 GNpAPMEXBrbdIRED Per’ AR FELAId QkdIyst 6ar&d per h
0. 0825 incﬁﬁdianeter when subFeé?ed to a for%e ofggf%o o

(¢/2-8). ATan leMmbb@ifel, the RESC@ha @iVt dTRMudl B ter th
g/gaccordance with ASTM D f%%ggﬁ?n ah enb$g1neﬁ%, t?&?eaer an

abouRASH0 Y, B quks Bflort Peailr At GBoRQDOBE-D, BT 8r SRS than about
of greater than about 0.945 cc/g, alternatively
25mg%§ﬁter t han about 0.950 cc/g, alternatively greater
than about 0.955 cc/g. [0054] Polyners prepared using
[OOSWC%eﬂfinatﬁQ@ t%}ey P&y:@l@ﬁﬁr{o?&ﬁ& BEI&ED a@%aﬁa’c ﬂzegf ﬁg{j ?%p@d? to a

i'ncreased hig oad ne I ndex. The hig oa
kN Nl EPLBES LOURIE A8, ey L 18 oo
ol ABN L VS, SO 665 0ol 9658 leBOpEIOT, B
polv e R B AL Tk g, K o B8R RAE e 0RO B 02 o
o S B Shly BB LS 8 Bkl Goun e
sy BB BT BL B B BS0a e E A E g

whergaﬂéhagﬁg :t]%%i]}qr% c?r,&e?lq g@ g%mcsi;}rﬁgﬁvé\ﬁlgvlﬁ%q q[t)llgw \fvgsl éetgn%finee[ism gc%or ance
) unqesir%gledirec i ans when passing through the exit .

with VIR by 23 T e ment the R ALt By wied q Pradygg@elymers having a
produces pol yner having die swel] of fromabout 5 %to

densip Rt S5efeh WiBnakWhhated ct/s  aliereatiely wersiersithan afout 0.950 cc/g,
catal yst prepared in the absence an al kaline

alterpatively gesater than pkauh@PPY ey from about 10% to about 30%
alternatively fromabout 10%to about 25% [0056]

[0058h| ynRalyngss prgparediusing RQCOn of Ratmepicegidedbierpip mayealso display an
met hodol ogi es descri bed herein may be further

incregbearhaght lead metlindex. Hiheihigh leaddedt mdeddi LiMie mifergiocthé rate of flow of a
breadt h when

molten polymer resin through an orifice of 0.0825 inches diameter when subjected to a force of

21,600 grams at 190°C, as determined in accordance with ASTM D 1238. In an embodiment,
the RACC produces polymer having a high load melt index of equal to or greater than about 10,
alternatively equal to or greater than about 50.

[0055] Polymers produced using the RACC prepared by the methodologies disclosed
herein may be further characterized by an increased long chain branching and may exhibit a

reduced die swell. Die swell refers to a phenomenon in which polymers swell in undesirable



conpared to pol yners prepared using an ot herw se

simlar catalyst |acking an al kaline treatnent..
wobmologijdcal breadth refers to the breadth of PEEUS2008/013497

transition regi on between Newtoni an and power-|aw type

shear rate for a polyner or the frequency dependence
dire@bnd BBerV pEGAS itryuddf the RLit Po YFRf extfilier. Mhaaleagiodialent, the RACC

breadth 1s a function of the relaxation tine

prodfiées tpolyét |h9ﬂn%ﬁneasvﬂ:ﬂl| MRIm BB 13, %WhiaBbuti 3094 Whéh tSmpared to an
function of the resin nol ecul ar structure or

otheﬁ'vn@blhﬁﬁrt é%ftﬁ ﬁ)‘dmdnlg thé) @behoe A hlkallnd! teeatrbdh€ alternatively from
r heol ogi cal rea h may be cal cul ated by flttlng flow

about YOM&QS alRNfIoARembtvely AGAABI: $GRab asdut g5y nam ¢
oscillatory frequency sweep experinents with a

[OOSQEd' fljo%ega o%ﬁé’ed @sf?ﬁ(ﬁjﬁe(mc NReSired W'ﬂ@m‘eﬁlodologles described

pr esent ed y t he ow ng equation: where =

herezgr{ e thé YudeteR- ccl")aragterlzédq%érha(/ %e a (dbbR)sed meSIBﬁ%lOg}eQ&h when

pararreter X = relaxation time (s) describ

compaled tg Ahyntd ka 9{ %tﬂe%@é'shﬁd’a? Ja%@spnelckﬁ% ZI‘PE‘RaImC
ear &S)Jcosupy }5 S)g[ e

fines the New onian pl ateau]

trca%nenhpoﬁﬁerod%‘rflcvg 209{% D les %}8]‘(;1&0' atdh1e of lef2hra d.ef;lt?h%t re%font Q&ween

ear I tate no
I
Newl% nvéfep fwe{ ts Ir (r:aatléz 1(“)02% % Ierr]t%(re ?1%?’2% g%ucg E#h%ence of the

v1sc?_ﬁ1té/ fd ﬁllgn%n)(%edrer LF&? t%g%g‘rflcgﬁ aﬁthngy k?%tn&%%? eg éﬁ%atl/'\ﬁ time
dlStl‘%@@j}Fa 8?]lamﬁr legm gN%E %911 g @{%bp{\ E?gne resm m@?ecular g}ructure or

Hasseger, cs. of PoI ric ,
archgipGiurg- MRTSH! mgnih %&V‘E@.WEHW G‘Bﬂﬂg'e?ﬂ%éﬁﬂdﬁz B % calculated by
(1987), each of which is jnc r orated b refer$nce
fittinge flaWnCYryes; genertnd; neligear-yiscogfasindypanye Sc'“ﬁtoﬁ'olr)?ﬂ‘éq“cy sweep
prepared usi an RACC of the type descrl bed her e
eXPETHBENEN Wt aampg;fwé Erranaui sl (el BRdely Yifhals fepreggted by the
greater than about 5% alternatively equal to or
follgyrisge@uatioian about 7% .al ternatively equal to or
greater than about 10% when conpared to polyners

E=E,[l+( ,:y“"rl

where

E = viscosity (Pa‘s)

y = shear rate (1/s)

a = rheological breadth parameter

Te = relaxation time (s) [describes the location in time of the transition region]
E, = zero shear viscosity (Pa-s) [defines the Newtonian plateau]

n = power law constant [defines the final slope of the high shear rate region]

To facilitate model fitting, the power law constant is held at a constant value. Details of the
significance and interpretation of the CY model and derived parameters may be found in: C.
A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321 (1989); C.A. Hieber and H.H. Chiang,

Polym. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. C. Armstrong and O. Hasseger,



produced using otherwi se simlar catalysts prepared in
the absence of an alkaline treatnment. In an
wepdvomsitent , a pol yner prepared using an RACC PET/UR®08/013497
type described herein has a9CY-a value that is |ess
than about 0.2, alternatively |ess than about 0.18,
Dynd@hit£boNBblymeriy Ligsds, Vohimeal QlidOMathanal, tRANEGiHNE | Jphh S6iky &
t han about 0.15. [0057] In enbodi nents, the production
SonsOf19RACEschbyf Whrhnetihadsdragd 8§ rdfcfatosedinnRY RE Bntifely.  In an
result in inprovenents in manufacturing efficiency due

embédimantde pogASE plePark @siﬁ%tamwc aftht el RBcridedBereW ARQMICY -a
wi shing to be limted by theory, noisture, rel eased

valuélthat BUeérBRed 6y eyl kOB REAEQRS abldBY5 % YdHeflakiv@y deaV{& or greater
resulting in the deconposition of C(VlI) to C (Il

than laBoR 798 ltéRatlely G@keiotdRiofeaRf {HAR hbout QOB Kdn@ompared to polymers
activation processes generally proceed over extended

prodR& RS HerivisEBinkifr Qﬁtg@/.ﬁts bRp@ehiEMR abEdn¥d bf an alkaline treatment.
stabi | i zation. Typical comercial activation processes

In af EABbdiReRPRY thp?épXrengmg%lsRA@C %‘?I?lllee?ge ALAbELE&EEN has a

WHX|nun1tenperature and are held at the t enper at ur es

cy-§ QL@ uRetd RS HANIHAE o7 Qﬂérﬂ?c% 1%25 thg? @:?08, 2 ogx5a'fe?ﬁt$§ly less

resulting an apprOX|nate conve S1 on

thantaﬁou%(lyl zfltern\%{/a?%tss Was B ot @ be limted by theory,

al' kal'i'ne sofution treatnment disclosed herein nmay

[005f7]uSe { ({lln&&? &R‘%élloh&étlgfcf PLR gé%g: %é/rﬂ'ilé %tefhgg’olg%es c& %rlosecg Herem

resul vati on

hoId Li Bot h cesses &
may rgﬁu Clg 151 rcivemf:es anlnag faQtHE:"r] af?:cg:n%yhe % renafei:rﬁase mq ¢ catalyst

r eas. ar ea mhlle

aCthf'HﬁOé’l b'ﬁ??ng’&g? 3 HsVs mg htg %ﬁj{ifda Fbélgeg]'y .m(g garseeda %UI‘I?I% the
i bed here i n cat al sts t hat
aCt'va%% AR HERIE LTS i T thE dRgamppsigiag 4 {}g p ST,
ckin alkakln treatnent an enbodi nent ﬁ

in o fu‘%é‘?‘?‘%ﬂe igeetfest Ctoﬂ‘é“eﬁ?A%c%Ct‘Haé@Erl?rB@aseﬁeﬂﬁé?rﬁ‘ Wcﬁfé‘ over
reduced by equal to or greater thanabqut 10%% gua

extendgd grerigise gt él.met Waﬁrdﬁbé%tac'ES‘% Ce\V De efaltfizatign.or wl%aét‘-‘@mmerc'al
t han about 50% or equal to or greater than about 70%

activlfien PEQSRISEY denuits approtimateli 36 Bqum [t@rachigvel 4 darested Kp#gmum
the additional alkaline treatnent. EXAMPLES [ 0059] The

temperpiusnendoie held ishtietseempeyaties équawede%@nglbééront #pgut 12 to about 15

foll ow ng exanpl es are given as
hours resulting an approximate conversion of 40% of Cr(IIl) to Cr(VI). Without wishing to be

limited by theory, the alkaline solution treatment disclosed herein may fuse the silica particles,
thus simulating similar results obtained by a prolonged activation period with longer hold time.
Both processes create a fusion of silica particles which increases the strength of the matrix and
decreases the surface area while increasing the pore radius of the RACCs.

[0058] The RACCs described herein result in catalysts that require less activation time
when compared to similar catalysts lacking alkaline treatment. In an embodiment, the

activation time for the RACCs described herein may be reduced by equal to or greater than



particul ar enbodi ments of the invention and to
denonstrate the practice and advantages thereof. It is
waeewenstiond t hat the exanples are given by wayP@F/US2008/013497
illustration and are not irmended to limt the
specification of the clains to follow in any manner. A
about Q0% bAEdaDHEor Alié 2B Qlidir dbolN 239638 RqI0 k€ oSz ster than about 50%, or
Distribution Instrunent” was used to determ ne the
equal W drag@aten iR aBod 7P vehevi@RbmpPRe®fo dnldEheBMipPSImiISr catdsBlacking the
i nstrunment was acquired fromthe Quantachrone
addioiaP Ak Alne @RatiientSyosset , N. Y. EXAMPLE | [0060J The
effects of | oading additional catalyst in a catalyst
activator on the final gsawfpLeS acti vated catal yst
was i nvestigated. Three catal ysts sanpl es, designated

(00597 | e nveRtiorARWin ? bediedBera M QEsbel Qh@ﬂ)ll@@tﬂg\éﬁﬁrﬁﬁlei dte given as
varyi ng amounts of 150 pounds (Il bs), 450 |bs, and é

particpﬁr ERSREMEALY RrYthe ThRnAGE bR HeM@r?strﬁ‘te 4fe | pacREd 'aH@taQ'Uantages
The catalysts EP 30X or 969MPI, which are comercially

ther@falt 1@Md@rs{ofa9 fal A8 %Qa?n;ﬁ&daré%ﬁcn 65 REBofli BRI 8 Iabé' not intended

wer e used 0061] Each sanpfe was then activated in a

to hfingtqﬁee{jﬂi ﬁEa%o R c‘fglm} ?OG%EOJV‘?? 21@??518&2% ?%d%ﬂia&lrgﬁlﬁgu@gsorb -6

rs mnt a ranp / sec

Nitr e%l’Ho'i*eS %?%%STW{‘—E%ﬂﬂm%@" ;\;gtglu dl:lt% g%—tt@mlﬁ/e %* WJC ?a and pore
M bl WA BT AR SR gt o

S nﬁnftrate that Cr(VI) conversion decreased as the
YOR " of catal yst charged increased. The

olynerlzatlon activity at al yst sanpl es was
then tested in a bench Egé@ipﬁﬁ ctor [0063]

Pol yneri zati on runs [e d liter steel
o0act B Bpisarti il Bra s pester %Slatﬁnawoum
pm The reactor mas surrounded by a steel 43%
of a%ta/ﬁfeglcﬁplﬁ@t v&gllql\ieﬁtggated Three catalysts samples designate ample 1, 2, and 3,
were charged to an activator in varying amounts of 150 pounds (Ibs), 450 Ibs, and 1050 lbs
respectively. The activator was a 48-in activator. The catalysts EP 30X or 969MP]I, which are
commercially available from Inneos and W.R. Grace respectively, were used.

[0061] Each sample was then activated in a temperature range of 1560°F to 1575°F for a

hold time of 12 hours with a ramp of 2.5 °F/min, 0.21 ft/sec. The results are summarized in

Table 1.
Table 1
Sample Charge (Ibs) Bed Height  Space Velocity % Cr(VI) Color
1 150 1.1 18.0 0.8127 Orange
450 33 6.0 0.5951 Orange

[PSIN)

1050 . 7.7 2.6 0.4491 Green




nmet hanol with a connection to a steel condenser. The
boi ling point of the nethanol was controlled by

W@ 2009/088100i t rogen pressure applied to.the condeCiEEs20881013497
jacket, which permtted precise tenperature control to
within half a degree centigrade, with the hel p of

[0068] eCThe Rds@ltsCdefohtatd ASITHVIEB Bbriversidilde&Based BEthwiamBunt of catalyst
stated, a small anount (0.01 to 0.10 grams nornally)

char@ll ihdteased| THe pallakygtionagivitl 1oF theCdaailBe darilelewadihb @8R in a
to the dry reactor. Next 1.2 liter of isobutane liquid

benche&lcGBaigged and the reactor heated up to the specified
tenperature, 1050C. Finally ethylene was added to the

[00651e2Ct Ry Riz @A unPwére X0dlle K 83 JUNE stdePFABbI dquippPd RSth G marine
whi ch was mai ntai ned during the experinent. The

stirre® krbihtidgnd 4083pa! | eeeadi® v@mwr&uﬁeé 9& atslﬂi%l ?Bre& ichih€ling boiling
time, usually around one hour, the activity was

methaRS1 8GPY bRkl RPa kel Eérﬁl%s@rf ﬂ)@)ﬁbﬁ*’lﬂ% bt @f ttlr&:emethanol was
reactor to nmaintain the set pressure #%er

COlltl%llJ:oof))I egylihk 'ﬁﬁrog&lﬂ gre%u'f%yi\;ﬁ)ﬂ@d fd AWcYRRnst Qlﬂ)cpﬁgk&r\ghlf:m gerrmtted

reactor ressuri zed and opene to recover

precxg{ %ﬂJe?&Eur BQ{tF@rto R}Q\Wf?'}lalf laNgetek c%ﬁt?%‘?'(?‘det B&th" HaGE rofV\Qg’ctromc

no 1 ndication of ny wal1 scal e, coa

contr%¥ m%un n‘gjn%ss foﬁlwav J(J']ﬁ SBQH A g(%‘f%ro Wérax’ﬁp %}mally) of

ennve IVIt was Sp ed a

e 8 Oymss[ g j-quggg ggageg tei ag%;eqct&atﬁé« 5 lﬁeggf @88lane
"qu'f” V%/ e Ca gﬁ'ﬁ%ﬁfﬁ*ﬁ@tﬁ@.ﬁa"t@t SEARSIES %qﬁlj%%%gur& fs°Gy Finally

ynmer nelt index as a funcgtion of the roduct|V|t
ethy'sale WﬁSeaftd&fi 4P V& reagiar WAl 3 ﬁxqﬁﬁ RjG§sHrep! norméy paP ypigr which was
~nmelt index decreased as the anobunt of catal yst chang )
maintaiped glyepgthe EXRfIMENS The SHITEiE OYas aHowaddo cantinge &r thg Wec led time,
| oad nelt index to nelt index (HLML/M ratio as a )
usuafly, renidoenedtou; 8ng s ractintyt wasgted by Recoeding thg flow fiegirieae fnto the
the elasticity of the resin was al so i npacted as the
reactghtgumdintain teasehpripssuree Hefteg g allpitadetree theSwddant iflow wag stogped and
decrease in the HHM/M ratio was observed as the
the reastyn plowbf depressakigest and lopengd ¢h iepryveragrentlar@olyinge powddry In all cases
these results suggest that charging nore catalyst to
the redveor acs icleat evithdwesdingion pf adyieell soile ceating\oe otet &lrps bf fouling.
EXAMPLE 2 [0065] The effect of shortening the hold
The polymeapdveder rvestherpreimoved hiad geighell. agttinigt wamnspecified as grams of

polymer produced per gram of solid catalyst charged per hour.

[0064] The activity of the catalysts and physical properties of the polymers produced are
illustrated in Figure 2 and 3. Figure 2 is a plot of polymer melt index as a function of the
productivity of the catalyst. As shown in Figure 2, the polymer melt index decreased as the
amount of catalyst charge increased. Figure 3 is a plot of the ratio of high load melt index to
melt index (HLMI/MI ratio as a function of polymer melt index. Referring to Figure 3, the

elasticity of the resin was also impacted as the amount of catalyst charged increased.



tenperature during the catal yst activation was

i nvestigated. Several tests were carried out in
w@eomesadml reactors in which the hold tine dupCTigS2008/013497

activation of a catalyst sapple was shortened from 12

hours to 2 hours at a tenperature of 14500F. The

Spech R, aSictresel ih tHeSHINL/RMO ratld JrdsHbs@vel as tRCari@infbf/ Saltalyst charged
sanpl es were subsequently used to generate pol ymer

1ncre%§é'apr~UllEétRf@l§/ fegd thms M dgg@ﬂ Q’ha‘t‘"eMr%lﬁé moREcaRM sy FERthS activator does

determ ned as described i n Exanple Referring to
¢ droME Brofb actiNee t index of the polyners was observed
nO‘F ecpgégé agﬂﬁhe hold tine at the targeted
actlvatlon tenperat ure VARG £ased from 12 to 2
hours. [0066] Shortening the hold tinme was al so

ser lLagt t [ r
[006\/\ﬁer eTYltg ﬂeffeE‘LWn& &hé h?ﬁl fifak aYtelaﬁmﬁJ" QYo | N il g&é&i gctation

e io of the polyner decreased as

tem;%th?ur@ al,5h (ftfhg%aetg v&ti%lﬁ & 6l eaiclated atS'e%?altt@s%)@E@tddfr%d out in

ecrease esu ts ndi cate that shortening hold

ommer%eal 6}5 C‘OI'I] u% l-?c%hﬁ% R 't\ﬁ?et H&?’tﬁt Fy Qﬁcﬁﬁt bf % |tt le was

not been actlvate 0067

shorf gggpé?xgtltzehours t\l\%la)&%':z{t tggpﬁ'%ﬂurégofam%cg’h?ﬁe t‘e@ﬁlgse re illustrated in

ure of er to i nvesti

Flcuéeail eﬁvﬁtfaglcas’tt ﬁ:a{}%i]eggvetre?.?] er %ttan {fussg Wté)rggﬁerftg%ﬁgr e?E)OIP%OSItIOHS and
1
the M E@{éﬁ%ﬁ%t&\ff a ¢ ar : 1errf1me$ gpci%?rﬁl%g?régxa [}Sﬁpﬁgegmgqghgure
0068] T | ka
4, t}{;axp%n %ngx g%&%le % ytn&'?]s b/?sg%l%grgemgqc}:f{?ga?llsng%ﬁ'\ggntug? ﬁt th%l targeted

catal yst conprising a_siljcas: &ltanla support. Three
ac“‘é*‘&ﬁ‘b?@@"’é@“s\"ﬁ q,e&reg%efi /249 dM8Y&1 , desi gnated Sanpl es
and 6, were prepared. Sanple 4 was pot treated
100G b ST Ré 1 s B v 150, Bt ipIPed (B¢ s
treated with NHAOH at 800C for 28 hours. Allsa
Figuie: b avherecthe dHMIMbyatia of itepapolymeredecrieases ap thg dipld fénﬂe ah@F targeted
foll owed by activation at 8000C for a period of ,
actiyption EmpPratire deckeases. drhe gespitpindicyye that shorteias bqid/}lmﬁr?athﬂﬁ@"geted
pore radius of the catal yst sanples were determn ned.
activEltien catpatagst eswited én casadybt that hmd adiukeen polly ypetivated.
conpositions as described in Exanple 1 and the
[00679| y nSimilzatesto wveectamiddt ysingfa hilgleer darget] tyrspesatars aldPPOHsin order to
the nelt index (M), high load nelt index (HLM), and
nvdsliddkd tht effedt iob a fghthtempahyreessthp amdurg ef cately s activated. The results

oD

were similar to those observed with a targeted temperature of 1450°F in that the catalysts were
not fully activated.

EXAMPLE 3
[0068] The effect of an alkaline treatment on the catalyst activation process was
investigated using a catalyst comprising a silica-titania support. Three samples of silica-titania
hydrogel, designated Samples 4, 5, and 6, were prepared. Sample 4 was not treated with an

alkaline solution, while Samples 5 and 6 were treated with NH4OH at 80°C for 28 hours. All



determ ned and the results are tabulated in Table 2.
Table 2 Pore Activity Sanple Treatnment SA PV M HLM
woRMPO8A10Radi us. A g/ g/ hr Not 4 452 1.96 173 0OrdliuZBNS/113497
6 1.5 3001 treated 5 NH4OH2335 1.99 237 1.37 8 1.7
59.7 1563 6 NH4OH 335 1.99 237 1.35 7 1.1 52.8 3 174
sampl3069d thés disdachyra firal isse liren-propsl dadhbinfelldweichyrmiivatioh at $00°C for
silica-titania hydrogel decreased the surface area
a petidd b6 ihoars € aRtien@rihdecarpd (SA) dolieUsIudde (FVD atthd Yok . radikeof the
pol yners produced fromthese al kaline treated
catalgats@hped werdidsRiniyied] Bt dantyseas&e usslth ptdadeXpolyh&@ compositions
HLM /M ratio of the polymer was observed to only

as déderife@ @S Bxmhplg M ahy tt@%@irﬁ@iz@idnaicﬂﬁt}j $TaheaiAydtdasd WL as the melt
i ndex. Thus, the trend indicated an increase in the

inde>€$l\@§,tﬂi§h'\ foid Rielt tiktRx PIOLMME hnd BRI Eatth QRS MIymhéie tpﬁ)fdfl@egt were

of varying the drying nmethod on catal yst activation
deterAsediaRY BB trdsdRd £€ ablMRd FRTMIEs of silica-titania

hydr ogel , designated Sanples 7 and 8, were prepared.

Sanpl e 7 was not treated ppid» a al kaline sol ution

while Sanple 8 was treated with NH OH at 800C for 28

MOUT S, BOUIT Sanpl es_Were (T dri ed 11 alm OVeTr at —a  aciviy

Sampfea nJEF'BENr e 8% 1100€Vf or rasiperi od™of 8 HoMt s, HE-MMbweqe/mr

by actwewvati op,at 8000C for peri of 6, hours. . The
4surf&€ﬂ€?darea§§SA), F‘)%re vofﬁrre (PV), poregnradi UGSJ;and 3001

5 pol ﬁ%@ zati acti WPty of ¥ hese 3t al sj”sa |89 wer ¢363
6 Egi- Xr MOEAA o ont A 9\:}-/1- o \2n3 o ||:-1A3 + r\ynrlrlrll |fr\rg 528 3174
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pol ymeric conpositions as described i nExanple 1 and

he nelt ind ), high load pelt. index (H_.M),
10063} ' Airshovs ingfab% alkalipe-fregfmenh g sﬁ'gfﬁaévﬁa@aff\as%&%idmrmd the
were determ ned. These results are presented in Table
surfage area while increasing the pore radius of the catalyst. The polymers produced from

these alkaline treated catalysts displayed an increased melt index. The HLMI/MI ratio of the
polymer was observed to only decrease slightly despite a large increase in melt index. Thus,
the trend indicated an increase in the elasticity of the polymer.
EXAMPLE 4

[0070] The effect of varying the drying method on catalyst activation was investigated.
Two samples of silica-titania hydrogel, designated Samples 7 and 8, were prepared. Sample 7
was not treated with a alkaline solution while Sample 8 was treated with NH,OH at 80°C for 28
hours. Both samples were then dried in an oven at a temperature of 110°C for a period of 8
hours, followed by activation at 800°C for a period of 6 hours. The surface area (SA), pore
volume (PV), pore radius and polymerization activity of these catalyst samples were

determined. The catalysts were used to produce polymeric compositions as described in




Table 3 [0071] The results denonstrate that the nelt
i ndex of the polyneric sanple prepared with an
wa@bdoalossieo t r eat ment (Sanple 8) increased and tPET/US®NgIG13497
for surface area, and pore 24adi us of the catalysts,
and nelt index of the polynmers were simlar to those
Exa@praranddhd mdioiadan! (M1 high00adhe Wiidee (HrmaDIHORNMNG] @fio,tdAe a-cta
i nvention have been shown and descri bed, nodifications
of tHepolyaRfic 6@fipdaRioNBWEre WbichRiHEd. WRBAFdsIRGré progtnicd en S4Yl¢ 3.t
and teachings of the invention. The enbodi nents
descri bed herein are exenpis¢y only, and are not
intended to be Iimting. Many variations and

5 %pdlrlcatlon% of The [ MVenpion JRs@lpSed hererm are
MG ssiBIE™and SAre wi thi n tkeiussopeyaf t he YnventTOf. a-cta

;Were Neurrer i gql; ranggs or ljsmtati;ans argeexpressly ¢ s5
st at éf2dsych’_express ranges_or limtations should be
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of like magnitude falling within the expressly stated

n or limtatiaons . 0., fromabout 1 to about 10
W“ilﬁclgu g ?5"&? T%‘T“"‘&Emt'étﬂt”.{ 516319%&9% %fE%FnP .“1?5}°i AEplgsgpared with
.11, 0.12, 0.13, etc.). For exanple, whenever a .
an aﬁﬁh@%ﬁr@%ﬂ?em S lab) FOIga e A theitiengs, flopﬂi,rfaaﬁ areand pesrradius of
l[imt, Ru, is disclosed, any nunber falling within the

the Gagadysis: 3ndl naslidpde; of tie nplymescyese similar 1 those phseiyed i Examwple 3.
followi ng nunbers within the range are specifically

100731 s c| Whikglemippdipenisoef thenvantion havgibesneshawp apdidegerjhgd; mpdiBications
ranging from1l percent to 100 percent with a 1 percent

thergaf cap b prade jwithout deppriing fipay therppirit ang dqaglipgs of3thy dpveptin, The
4 percent, 5 percent, 50 percent, 5 1 percent, 52

embpdimeatadescribgbhanin eesrrxemplgrypuhs end are 9t iptendesiip be digniting. Many
percent, 99 percent, or 100 percent. Mbreover, any

varigiigne pnccabdifieatipes diethe neantion disedos® heraib eres p@sibtedni medwitinn the
the above is also specifically disclosed. Use of the

scopfeerfrthe apentiomal Whérewauniericelspegds drolimimtioed ereeeNprasfly astated, such
claimis intended tonean that the subject elenent is

expie@ahgee dr limitatint effonéd bevialdyrstobs taniatludeiagthtivedangBobhlimitations of
alternatives are intended to be within the scope of

like td¥@nicddai fallingséthf thO EqReBly sta¢d mangdd O ligStaGEHIIE &S BBm about 1 to
i ncl udes, having, etc. should be understood to provide

abo@UPP&Ylides, @, 3B kfcQWedater EaA®. 19UAIES 090G 15 10l 1r39<;t@.P., For example,
consi sting essentially of, conprised substantially of,

wheRéver a ndRéRdal RGO MHhNGIbWer RR, RCaRCaPlipiRF ARMCR(, 08 disSlosed, any
not limted by the description set out above

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 | 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




but is only limted by the clains which follow, that

scope including all equivalents of the subject matter
w@booblgsied ai ns. Each and every claimis incor ppCHUSH08/013497

into the specification as ams enbodi nent of the present

i nvention. Thus, the clains are a further description

mearfifh@t tAE QbR aettir isaBqiiRdtdrelteiinely® AbSreQlirel N BoihraieRives are
i nvention. The di scussion of a reference in the

intended @rte Mithath® fcoPe bethe dlaii. t UseSof BRadé Rerfd BlichSls @Bmpiat, ihdiudes,
is prior art to the present invention, especially any

havik€ eRl SH3GR HehmbierbiBYd RAF6vide SUpPort ﬁﬁ%hr?&vé#%rﬁ)s afidreds c‘bﬂﬁstmg of,
priority date of this application. The disclosures of

consRlihg BaniafSof, At RRE aBRhAtRAY bPRS, and publications
cited herein are hereby incorporated by reference, to

[oo7she %E@rmngiyh@k sEdpR YO BRI SRis S EITRI AN By thP B&%ﬁﬁﬁﬁnaslet &It above

ot her detall's supplenentary to those Set

but BE Pmfdd bMehelclaithsMRhiPP iRk, B8R, qucl@dug%a&ﬁle}ﬁ‘i(/alents of the

conprising: aging a Silica support in an

subJéPInlzl{térQﬁ tﬂe‘%leﬁﬁw@dﬂ&% 444 e%& @iaﬁrfé]?s ﬁ&)%j(i itla{l ln?@thélé &ﬂfc'émon as an

renmovi ng at | east a pOFtI on I ne SO ution

emb%{ 19&3%'? Qﬁleaérlé?eln{ ﬂl%elﬁg)%d ?cﬁlHlpsog}Et %Rheqrq%gcl%@?or?and are an

a support; Ivatin

MRSt

addlf?(#‘lkﬁgqué eltngocﬂﬁlgrqg%? e &r?s%]ﬁ! ps{lﬁér gxg e a? Igéslcgﬁgfof‘he asreker%nge in the
| b t.50%.0f .th I
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b h f
esne 5o ) T pgl&lﬁ&f'of}fdal%eg Rt e of tis

hours.. 2. The hod of claim 1. wherei .
orpIBETT d5° Bt R R L RBE S PHrE OTIeF o ) G Gy pperein ar
h about 90 8 ﬁ% The thod gf claim, wherein t he
e“"%ﬂ RepaTaedBY tsisrameria i c£X[5pf 1Bt they ravifs saiemBlapoPrapsiytal or other

4. The method of claim 1l wherein the aging is
detal@éﬁpn'@ae%m psegetiPHRNSEP 0d of from about 1 to about

24 hours.



5. The nmethod of claim1l wherein renoving at |east a
portion of the al kaline solution further conprises
w@owagtidng t he al kal i ne aged support w th an PCTHR1008/013497
solvent, thermally drying the al kali ne aged support,
spray drying the al kaline aged support or conbi nations
thereof. 6. The nethod otpaisisn 1 wherein commercially
activating the al kali ne aged conposition further

COKDﬁétl&ﬁﬁoﬂﬂ;@@hhﬂgaEﬁaﬁﬁQH@ gdikd:0n to a tenperature
equal to or greater than about 700 OC. 7. The nethod

of agh@laMiflcaV\Pp6it Mint i€ alkhlideCsdblftoRPO! frodueet M hlkaline aged silica
conprises titania.8. The nethod of claim11 wherein the

si Ligpgrsupport has a surface area of |ess than about

300 n2/g. 9. The method of claim1 further conprising

adghRRing oA {a&n&rh%f Sihd hlﬁﬁn&uﬁmfok RSt Qhe bRaRieH Q&d silica
during aging, after aging, or combinations thereof

10suppof e f8Guceia dPfeg Rt Ppéit;RALYMer conpri si ng:
alkaline aging a silica support material; adding

Chi&{natld@ thOsili Qées%#)t 8 RHRRAr L am{ &l éﬂgltleﬁ 'vg{elgén? ﬁﬁ(!ﬂ?ﬂe aging

I ne agi ng, he alka I'ne agi ng, or

f o[ e HBTA u]’ﬂlnéérﬁ‘réd bt @ sﬁh&Q@g;Eﬁon AR qhan Achut Ké%e@hé Bginal

chron1un}3| ca support ce an acti vated

pOL%iH@{AdZ\%éré%H a&%ﬁ!)xy St th Qlﬁ{:g ?J%@)\#&] s &{}ﬁ?oa&h'lﬁ/ Bléta'ges of equal to

meri zati on ca east one
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cove
Th héTF;,%{AS OP cl lwafwﬂ]erem t¥l\hagbr)1/gl 2 C%rrlll%d fs){ltl alt%ﬁe Zé’le?ﬁrre of from about

eria ont a
a rom about 8 to about 13 at a
ﬁ%qggiﬁgglgiciron1about 600C to about 900C for a
eri qd .of .from abou ut 24 hour.s.. 12. The
ot o Beied i i, b MR ot Akang Ao s i St T gBeE & to

is raPldIy activated in
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The method of claim 1 wherein the aging is carried out for a time period of from
about 1 to about 24 hours.

The method of claim 1 wherein removing at least a portion of the alkaline solution
further comprises contacting the alkaline aged support with an organic solvent,
thermally drying the alkaline aged support, spray drying the alkaline aged support or
combinations thereof.

The method of claim 1 wherein commercially activating the alkaline aged
composition further comprises heating the composition to a temperature equal to or
greater than about 700 °C.

The method of claim 1 wherein the silica support further comprises titania.



bat ches of equal to or greater than about 500 pounds.
13. The nmethod of claim 10 wherein the silica support

WO pooblogtioconpri ses titania. 14. The net hod of PCHUS2008013497

10.

11.

12.

13.

14.

15.

16.

wherein al kaline aging | owgrs surface area of the
silica support to |l ess than about 50% of its origina

Vatiemeth&d oflM@mMEivh&dinQhe Siliad siipadt MR arsaifilcetdien of less than about
chromumsilica support is rapidly activated in |ess

t hagy gbgut 8 hours. 16. The nethod of claim 10 wherein

t he pol ymer conprises pol yethyl ene having a density of

%g? ﬁEthB@@fblﬁppp?unQe%p&/sﬁg adding Jf¥emnmt foade SficCduppdrt prior

erein the polyner has a nelt index of from about

1 fooa Pwrm%(%glcrg%?afte}-g ng‘%}h&%uﬁ&ndﬁk fHefBot7 wherein the

has "a a va ue that is |l ess than about 0.2

(FI rl f a E&I?h]méd%l ridingher conprising bl ow
Ing t pol yet ene net hod of preparing a

pogmgﬁkaggg§5h§hggjoﬁh&g&%pe aging a silica support

mat er al Ing C ron1un1to the silica support

&cﬁnﬁgﬁéhr@“uﬂ( td fﬁe tsEﬁ:a %l}%(gﬁalrt'f A&eRS PQr tca{h'éearlka'ilh@ aging, after the

e agl ng, orma chromumsilica

S“El%’ir aﬁ%gdorrb%m t%lfgrn@ﬂ:lll%ﬁg]np%h%ébﬁp J;PE om umsilica

uce an activate ol’yneri zation

cat aldyst act.mv@t%{ el fle faﬂw%n.gsﬁaei ;&@gﬁge&gaw 4 SbiafR olefin

&est hea ture of equal

ter n about 700 OC for a tine perlod of
Ie§§y?gﬂﬁ1858ﬂgy§ hours. 2 1. The nethod of claim 20

\ché*g%f?lat%f eeva%t Y]at%laa %18#l IE Eﬁ(ﬂgﬁer{;]m 815 é:a alyst 'yrl alf?éa%t%%g %g)%?mgr ina
to about 13 at a te erat e of fron1 out 600C to
ab&aFigFRe pager gondit ﬂ@?l%&o BFod¢Ss iﬁ%r A%t 0 about

24 hours. 22. The nethod of claim 20 wherein the
si Feceereg Ry eIy t her conprises titania.

The method of claim 10 wherein the silica support material is alkaline aged by contact
with a solution having a pH of from about 8 to about 13 at a temperature of from
about 60°C to about 90°C for a time period of from about 1 to about 24 hours.

The method of claim 10 wherein the chromium-silica support is rapidly activated in
batches of equal to or greater than about 500 pounds.

The method of claim 10 wherein the silica support further comprises titania.

The method of claim 10 wherein alkaline aging lowers surface area of the silica
support to less than about 50% of its original value.

The method of claim 10 wherein the chromium-silica support is rapidly activated in
less than about 8 hours.

The method of claim 10 wherein the polymer comprises polyethylene having a

density of greater than about 0.945 g/cc.



23. The nmethod of claim20 wherein the chromumsilica
support is rapidly activated in batches of equal to or
wQ@e@angs1oa han about 500 pounds. 24. The net hodP@f/Us1088/0m3497
20 wherein al kaline aging 28wers surface area of the
silica support to l.ess than about 50% of its original

17. valheemethod of claim 16 wherein the polymer has a melt index of from about 1 to
about 10.

18.  The method of claim 17 wherein the polymer has a CY-a value that is less than about
0.2

19.  The method of claim 18 further comprising blow molding the polyethylene.

20. A method of preparing a polymer comprising:
alkaline aging a silica support material;
adding chromium to the silica support material prior to the alkaline aging, after the
alkaline aging, or both to form a chromium-silica support; and
rapidly activating the chromium-silica support produce an activated olefin
polymerization catalyst, wherein rapidly activating chromium-silica support
comprises heating the a temperature of equal to or greater than about 700 °C for a
time period of less than about 8 hours.

21.  The method of claim 20 wherein the silica support material is alkaline aged by contact
with a solution having a pH of from about 8 to about 13 at a temperature of from
about 60°C to about 90°C for a time period of from about | to about 24 hours.

22.  The method of claim 20 wherein the silica support further comprises titania.

23.  The method of claim 20 wherein the chromium-silica support is rapidly activated in

batches of equal to or greater than about 500 pounds.

24.  The method of claim 20 wherein alkaline aging lowers surface area of the silica

support to less than about 50% of its original value.



