WO 2011/ 037971PCT/ US2010/ 049779 1 Sl LI CA- COATED ALUM NA ACTI VATOR- SUPPORTS
FOR METALLOCENE CATALYST COMPCSI TI ONS CROSS- REFERENCE TO RELATED

APPLI CATIVONSoHTt3®7appl i cation is a continuation-in-part Pofi/usespemirTng U. S.
Patent Application No. 12/052,620, filed on March 20, 2008, the disclosure
of which is incorporated hereln by reference inits entirety. BACKGROUND COF
THE | NVENTI ON The present invention rél at es generally to the field of

ol efin polynerization cat alysis, 10 cat al yst conpositions, nmethods for the

pol ymeri zation and co )\ I yol efins. More
specifically, this i n rrgg ‘g_% \f{e&gﬂé fgppg‘fggt ed silica-coated
al um na activator-supports an 0 ca? corrp05| ions enpl oyi ng these
activator-supports. SUMVARY OF THE | NVENTI ON The present invention is

directed generally to (ROSHREEERENGE @@B@HA@IPMBU@MEC@@ 15 al umi na

activat oy - SuUpportg appficdioh }ésatcoﬁtﬂﬁm?ﬁllﬁ ba@tnc% PRI NG FaRRSEpEURRPKS.S, Met hods
for preparing activator-support cat al yst conpositions, nethods for

usi ng the cHtarHd<r TEgmeNdeh 5913209% tb%ﬁ%l‘liezoé Vﬂ’llcé‘fl? REOPPRE BEFY R 1 esi ns

produced uskfRgnsuchs @atgl yst conpositions, and articles produced using

these polynmer resins. In pgAgkggb%deé)W I{]nventi on relates to

chem cal ly-treated silica-coa umna activator-supports and to catal yst
20 conposi ti ons Teaplesyi 1n‘qntsqmﬁataﬁcgemﬁdb'd¢ the fiplp of ¢lefin IChImatigpgen @Blyp®Si t i ons

cont ai njg o%{aly%tcc%mﬁ&%ﬁsd nRhBEE f&%@?&l&r}{@%fon %ﬁtp&)%lkﬁer%u&l he oRERS S
i nvention can 'be used to produce | ene- based homopol yners,

or exa
copol yners, PofyieHY v MOFs S Spe%iﬁ?iﬂl?( hidis| ipyegtion remz’s 0 IC]PP%@B\éHfaéedosﬁll%ﬁ‘éateﬁr esent
invention, aghihyvatielorSipRarahsoantlydistloasad «whb ey Bapiivae-sadpoheast one

silica-coated alum na treat g@l\&%{l\’ tF'[JH%qﬁ 1QJPI%I\]eI ectron-w t hdraw ng ani on.

25 Generally, these silica- um has ' have a wei ght ratio of alum na

to silica in a naoge.LiomaRguls didih o abay! tolg%ﬁ%pauj QL1 8%l T OM about

2:1 to about 20:1 east one el ectron w t hdraw ng ani on can conprise
fluoride® cgrg G@Vatﬁrsﬁ?ﬁoﬁ% caighygisioraesEiont Fplpynse theysi @mortat racthadpy fgrat e, and

the |ike, Ofepandg @&ﬂhbﬂk@ﬁﬁoﬁ@ ahmﬁtag:g‘t coﬁgéshia@sr ,mdiWRs Gr BMgCthe catalyst
el ectron-w Ctohdr a,[V(\)A ng ani ons c%nfn the% ﬁ% exanp I %s of V\l{g cchtaglan i ncl ude,
but are not“I"PHi %84t & y@ﬁfzieu Fi'tes bapHatRBOduEd  ByE¥eh a2 f at e,
chl oride ancubmpbs@s)phahceamdksl woduckel @ing tissd pagreer résink.f apetiand tsupfatie, or
triflate a”ﬂve%o%srgtﬂtgstt‘é bheﬂ’l@cqll);—g&teld isilﬁga—coated alumina activator-supports and to catalyst
20  compositions employing such activator-supports. Catalyst compositions containing silica-
coated alumina activator-supports of the present invention can be used to produce, for
example, ethylene-based homopolymers, copolymers, terpolymers, and the like.
In aspects of the present invention, activator-supports are disclosed which comprise at
least one silica-coated alumina treated with at least one electron-withdrawing anion.
25  Generally, these silica-coated aluminas have a weight ratio of alumina to silica in a range
from about 1:1 to about 100:1, for example, from about 2:1 to about 20:1. The at least one
electron-withdrawing anion can comprise fluoride, chloride, bromide, phosphate, triflate,
bisulfate, sulfate, and the like, or any combination thercof. Further, two or more electron-
withdrawing anions can be employed, examples of which can include, but are not limited to,
30  fluoride and phosphate, fluoride and sulfate, chloride and phosphate, chloride and sulfate,
triflate and sulfate, or triflate and phosphate, and the like.
Catalyst compositions containing these silica-coated activator-supports are also
disclosed in the present invention. In one aspect, the catalyst composition can comprise at
least one transition metal compound or metallocene compound and at least one activator-

35  support. The at least one activator-support can comprise at least one silica-coated alumina



Cat al yst conpositions containing these silica-coated activator-supports are
al so disclosed in the present invention. In one aspect, the catal yst
conposi t iwo 20am3conpri se at | east one transition netal eomusnd/0ey779

net al | ocene conpound and at | east one activator- 35support. The at | east
one activator-support can conprise at |east one silica-coated alumna 2
having a weight ratio of alumna to sidicain a range fromabout 1:1 to
about 100:1, and is treated with at | east one el ectron-w thdraw ng ani on
such as, for exanmple, fluoride, chloride om.de, phosphate, triflate,
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met al | ocene, GARRONNGyn Ak a5k ARG T HANOALNIL UM, EATROUNG i ANY,AL | east
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ol ef i n pol yweén, orilemraboun2:d wenbo@ L&l ystspeompts inversinn.conpri ses at | east one
transi tipn 25 mekal QfofEkAl LOGEACHEARAINL.BND Ryl FAShRS, form
activator-support. "As disclosed, the at |east one dctivator-support
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el ect r on- wi doh@haWoRgtiaNk 0alysd BnpofiBonSdfltheCReseiR avedioaMitilaNRasgentedhl Y has a
wei ght ratio of al Hm na 1h,o ii lica in a range fromabout 1:1 to about 100: 1.
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DESCRI PTI ONNORCTY4Rr-FpRESNprises at least fifigg-coqteqy plamptispatad plithtat dfastcgieal yst
activity, idecHtd-fshdRfvi@r ans, 8 ROLVALOMIENERE bePfayMAfa @6ibkiU*Al0sF SUppOrt
(A-S) per hour, versus the conce tration of ME In unjts of 35m cronol es

1
of MET 1 pet"fralh ia tthi MASSIOF gpoy he '3 ebqy A%l - Qﬁlﬁrlp?r;’f“ta?iyétf’ PUSl es 1-3. 3

organoaluminum compounds, can be employed in the olefin polymerization process.
30 Polymers produced from the polymerization of olefins, resulting in homopolymers,
copolymers, and the like, can be used to produce various articles of manufacture.
BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 presents a plot of catalyst activity, in units of grams of polyethylene per gram
of activator-support (A-S) per hour, versus the concentration of MET 1, in units of

35  micromoles of MET 1 per gram of the A-S, for the activator-supports of Examples 1-3.



FIG 2 presents a plot of catalyst activity, in units of grans of

pol yet hyl ene per gram of MET 1 per hour, versus the concentration of MET 1,
in units wO2mieswmwl es of MET 1 per gram of the activat @CTASRPEONIITIA-S) ,
for the activator-supports of Exanples 1-3. FIG 3 presents a plot of

catal yst activity, in units of grans %f pol yet hyl ene per gram 5of A-S per
hour, versus the concentration of MET-2, in units of mcronoles of MET 2
per gram of the A—S, for the activator-supports of Exanples 1-3. FI G
4 presents a pl cata st .ac Ln of pol yet hyl ene
per gram of - ver BEpar SRS HRlas S bt el sh MR P S t o
m cr onol es Qiﬂ\/IH\IEfI'pethnervelgusahn o@hcenireioAefIET brin tihie obwwiciovateopt EPpoert s of
Exanpl es 1- t 5 ity, in units of
grans of po yet ﬁ%%%géﬁgg ﬁggﬁ§)%o@bgﬁwgﬁﬁ%%%ﬁ%%%%mgﬁ%éleyst system and
the catal yst sy Gn% Wﬁe@hawsofﬁmlya&a%@mna}@tt@@f s P pbysitelege per gram FI G
6 preserds @& Ak @&r Hz»sﬁr c@mhné%no@mahw SHMET D, M RbfisSofoficrghasBoraiepobyet hyl ene
per gram of A- versus the onc?ntratlon of MET 3, in units of

m cronol es %Wn%%g“és 8?&i§@W$ﬁﬁ8¥m?%% K®IS{Gr the acti vat or - supports of
Exanpl es 2-3. FIG. 4 rbsGuts & plpr @ sy s acalvw O‘tunﬂf of@atn@&loy sdlyegtgtehaspet grami N uni ts

of grams of FIUI% fé\ﬁg}f_é g,rll%rsﬁ)set e (%El(?emra?lon WE”I?’Z Re [1111@?9%\4%&? Hfﬁ\dﬁf‘?

concentration of unit m cr onol es per graﬁ?of t he
A-S, for tr@ara@ﬁth%tsoﬁor%vﬁm&qr:ﬁu@f)ﬂ%f&m@@ 12.3. DEFI NI TIONS 20To define

nore clgarly thent;emsseﬁmgmmrcﬁwst a&nb@y frgjnltp(\ﬂ"g%ls@?%dlﬁﬂﬁlle r 8y Provi ded.
To the extent that any definition usage provid ocument

|ncorporate@rﬁ%P@PﬁWﬁ?dF%@%T@ﬁ@@aE%H?PW@V§Sv$?hw@ﬁbwﬁépfﬁF??%ﬁ“BW?usage
provi ded heksinple 6t he definition or usage provided herein controls. The term

) p0| yner " us%qfihberresen S gﬁlgtegf c;g:[a}%st %(}%1V19yA11’1 umté'lﬁ()jfeﬁaéns 0& go’?%fr]qg/{’é‘ﬁémr gr%r S 25

copol yners, terpo rom an
ol ef i n nmonorfey Saﬁdm@meerm% difej oanagermeropfeYIET Mnlueltsapfmﬁgo¢198r1®rMETs3 derived from

an ol efin @Mmﬁe@@dfo;tﬂ@acqbaeér sﬁbpgwlﬁ%@pne%z sAccor di ngly, "pol ymer"
enconpasses copoléners terpolynmers, etc., derived from any ol efin nononer

and comononer (s)F 1%1?5F56%t§%1p1ﬁ‘éfféi‘tﬁw i, Y YngS ofegpmsoh DA ROy B8P woul d

i ncl ude et hyfivermes Mmpmemmnéqon@hﬂwlbewmpoh iR bSmiceidoyk eM@ET ep@ol yner s,
cggolyner, such as an ethyl ene

30 and the |ike A@ an_ol.efin
copol yrer, L4ROHE g?@5§%w¥r%%?g¥ﬂnﬁenémnlﬁ a comononer, such as 1-butene,

1- hexene, or 1-octene. If the nDndHﬁﬂﬂéﬂﬂ%bonDnoner wer e et hyl ene and

1-hexengy respeqhiyelehnord Q@aﬂ& AR Ul Qd HQ&M rIr?erfoM\RHﬁgddeﬁﬁu&éfaf%q)%‘ld%@d an as
et hyl ene/ 1 - hexene copoly ke manner, the scope of the

t erm " pol ynErhe gtgnpipet ainhé‘?fﬁld@é Ohwmmmby 2lat<ioélﬁnen‘315wwte;¢ﬁéﬁem tion,
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provided herein controls.
The term “polymer” is used herein generically to include olefin homopolymers,
25  copolymers, terpolymers, and so forth. A copolymer is derived from an olefin monomer and
one olefin comonomer, while a terpolymer is derived from an olefin monomer and two olefin
comonomers. Accordingly, “polymer” encompasses copolymers, terpolymers, etc., derived
from any olefin monomer and comonomer(s) disclosed herein. Similarly, an ethylene
polymer would include ethylene homopolymers, ethylene copolymers, ethylene terpolymers,
30  and the like. As an example, an olefin copolymer, such as an ethylene copolymer, can be
derived from ethylene and a comonomer, such as 1-butene, 1-hexene, or 1-octene. If the
monomer and comonomer were ethylene and 1-hexene, respectively, the resulting polymer
would be categorized an as ethylene/1-hexene copolymer.
In like manner, the scope of the term “polymerization” includes homopolymerization,

35  copolymerization, terpolymerization, etc. Therefore, a copolymerization process would



4 invol ve contacting one ol efin nononmer (e.g., ethylene) and one olefin
conononer (e.g., 1- hexene) to produce a copol yner. The term

"co- cat alyerois7arsed generally herein to refer to orgamroaiusaémem7conpounds
that can constitute one conponent of a catalyst conposition. Additionally,
"co- 5 catalyst" also refers to other optional conponents of a catal yst
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organoborate conpounds ionizing |on|c conpounds as di sclosed herein. The
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herein wi t heompeungs Hstrsat gpnﬁ’élawwgomwnﬁ@@éi c3idyshenpgiione gWgtiondy 69 t he form
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chemically-treated solid oxide (or oxides) and optional additional organoaluminum
compound(s). The precontacted mixture also can describe a mixture of metallocene

35  compound or transition metal compound (or compounds), organoaluminum compound (or



10 precontacted m xture. In this case, the precontacted organoal um num
conpound or conponent is described as conprising an organoal um num conpound
t hat was weedits7gnepare the precontacted m xture. PCARASRe00mTY Yy, the
precontacted m xture can describe a m xture of netallocene or transition
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pr econt act ed nlxture also can describe a mxture of netall ocene
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therefore tHe " description “VstBsti t ut ed derivatives thereof” in this

i nventi on conpr iSseigripatht itainl| pog@ntactat’ edixtuiegandsl kuah tadestrék raateyendoi ndenyl ,
tetrahYQfOf&QR&#&M&th@&ﬁB&QBQﬂEHQEQ%MkmaP%E5%@&%3pé%BQEQEQdmkPQEnY|
partially saturated | 'uorenyl, substituted partially sat ur at ed |ndenyl
subst i t ut ed*opaiFental wwé aSttm Aresentactedo Py ML cHEYY Foongni e cont ext s,
the rrﬁt al | oGeR@ed Hr & ﬁifselseﬁe@oﬁtﬁn@mspbgan@e thberm e@isetmya&ted‘ mixQrdMGkedt he sane
way the ter

m'c at t" in to refer to aIe an
o Sanosl un i Sofanine patde 1 Bansiars o Sl agh e e pgh i ss
nDn? cyclopembad«@?ygm@ﬂmmahﬁafamdrxﬂhm¢oﬂpmMn€3?wabtmehiMméomdﬂpounds
cont ai nyg o c 0 o o o 4 ni ng
bor at annse g 3 coARAEE ACELKY ofu Do Al joh dr SATROURE LG 8
enconpass dadﬁluetaga@mmetnéﬁ tdée%t?emelenﬁbﬂlﬁd@mqmaeted H@Wpouﬁﬁ)dsnseemthesu ng two

et al | ocene, bRl t@spohdnk&dd RY makLOHNME GhiRdSalEOHRiurs bmhbeas cmi@hkenyl group
resul ting frontﬁgﬂolefln met at hesi s 6§act|on r .a saturated version

resul ting fTB8iH AYdrsYeraT PRIR"YY- GRMCVAT LB 8H ™ UHT EXROBINEYH '§&°speci fi ed,
t he foIIomnmgeabhﬂemnatﬁemSMaﬁgmu&mdmemﬁmmmmyaimgemMadwqmybmmmﬁlnd for
|ndenyl an f 0 y tion,

"cat al yth nl‘g %ﬂe e Q%gqnfg‘%ftjhafe? Acoordmgﬁi tbgn%ce# U%{‘t %Y IE(%C%%%%&& esjrltld upon the
actual pr och%’tee@ft cqtrmmpfeeusw temrepesﬂilp pstrgntfatedmixthie apbthitaempagent p%@@tm on of the
conponent s Q&u&hﬁs&gypg@ghion/nixture the nature of the active catalytic
site, or the fate of the co-cataly the netal | ocene or transition netal
conpound, any ol '&f i nBRBYRSFRS: uﬁ@éﬁ”?b PrOpat ORI OBRESRE B xt ure, or
t he chem cadnk W tonea;@stu@@tﬂydtypamstew valfetet n3G@ﬁb¢ylaloﬁl@dtehﬁ51ﬂ)le¢1@smBQﬁ@nt S.

Therefo e terns st conp ition," t ture "cat al yst
Syst em 35 aria oHaRT PReIEatn iy GEERo St e gah B 5 cblbLrtihs and
honogenous conpositions. The terns "chem cal |l y- treated solid oxide,"
"activator-support,” "treated solid



25 oxide," and the like, are used herein to describe a solid, inorganic
oxide of relatively high porosity, which exhibits Lewis acidic or Bronsted
aci di ¢ bewNevoare37amd whi ch has been treated with an el eeCrars2evoldrawi ng
conponent, typically an anion, and which is calcined. The

el ectron-w t hdrawi ng conponent is typically an electron-w thdraw ng anion
source conpound. Thus, the chentcally(treated solid oxide conprises a

cal cined contact product of 30 at |east one solid oxide with at | east one

electron-mjt ur ce c und. . T

Chert cal T vt R B B e P AR SR PR st 3 i i
sol i d oxi deligaiidhenay ercirgle hglipportbetefen the"dastiptioat abstguphdrivitivarteeradt inused t o
i nply these,conponent S,akRed %ﬁtany tthqlra&p hh%ggdtp%nanta% %ttahsldsﬂmmtyl be

construed as an inert conponent e catal yst conposition.
Al t hough aﬁ@ﬂﬁﬁﬁﬁbﬂ§mﬂdév@b@@ﬂmaﬁdlnﬁW@ﬂYa%%mﬁﬁnﬂﬁawloW“%ﬂnlﬁ@ﬁ%#h to those

descri bed h@pehn, ek pusied daﬂrateh%d@t{y@-%ﬁﬂsﬁt@te@barﬁﬁ§Tsdttﬁ}ged)ﬂuo'ﬁréﬂ?l ifaventi on,

the typical th evic als are ein describ Al

bubt | wat - ot Bie dine REE~ et paMBe R erdr A o CaPE G G TR by
reference &mtony thherpurpasdysofs desierdibiongerandodixgeplash nganokiomingxanpl e, the
constructs thp ns, which
m ght be u§%ggwﬁgcoﬁ%@%%gbﬁﬁu%qﬁ%lﬁ&ﬁl?gégbpgg%lggg% @%@g% en%?gn The
publ i cat i ongndfidhcuespertds. i BaY hommmh@s teentginipg ét Ipsovicdadodgaivelige fdr t heir

di scl osyye daugatndt QnlalighgftolataBeh SRt BaRE. FhehePHRSBMn@RR isGRld 1RR:n MOt hi ng
herein is to be construed as an adm ssion that the inventors are not
entitled toSHEPATARCEYPFAYPLRT SEtpPEdpy-o1 SUTROLRS COFPTSIR SV MRYRHE on.

For any panhmauham@doypommdmdga@M@sﬁﬂhbememnmwapumgamem@mnmnmsmﬁmlf|c
structure pr&éﬁﬁ rsllt erg ot?‘ons(g aega urat A% Ss‘?sn r%‘su&tm rom hy%t Ien%p on or erlva a%fon
regi oi soners, ONers that may arl 6m Far set of
substi t uentlénlesﬁrh@erqesnemealﬁefb rthesfpléaifg @b@tﬂﬂtw&t @neelseél $0 ferno/olmpﬁa@éle@l al |
enantlOﬂﬁrSMdﬂﬁgﬁ&ngQﬁ%IQIﬁ%ﬁgwother optical isonmers whether in
15enantiomeric or racemc forns, as well as mxtures of stereoisoners, as
woul d be recogni P&y caalugk papnagtiop 1 joaiafst mixture,” “caplyptisysit sandiledkpse sever a
types of ranges ddpshdtdpan e e@ampromvambmanmoﬂ’ hegeng fﬂﬁi tuel eomabwr ramamnot
limted to, fqlfe com Iier?t]; o?thglélorrrnb%gltl(gjn]; 1§t%e e ngt r(§§the actlve cgq t1c s1t %ht ratios,
a range or arios, Matrange o st racdeareas, pore volunes
a range of %@Kﬁﬂ@k@cgmz%amaaﬁﬂk@ﬂwamg@mobnoamahygmmacmwvmﬂmegmmand SO
forth. J1en ApRhIGA0L fodhAGLORRAL o GhAhMiBul 2086 Sfig A H¥PGmpARR | cant s
intent is to disclose or cl alntlnd|V|duaIIy each pOSS|bie nunber "t hat such
a range couhdc papeatEb ThcrefigohpEEes, “H#Het epirytiend cpdyhinstes” (Reitange as

wel | as anysysith® raan ges lied) a€ GdRid0 aoihORSer@ened W cdrdfdg Bshs &ME A¥RBSsed t her ei n.
For exanpl e, when the Appllcants di sclose or claima weight ratio of
alumina to SMPPER™ n a silica-coated alumina, 25 Applicants' intent is to
di scl ose or cIaﬂmrnnﬂmvﬂﬂumhmyneu@tyﬂmoss&b1émnumbemmmmatn@ﬂ@bsawrange

coul d EALCONPARS an§ ngﬁllkét ?entl‘secy\'hgl‘gn t 'b§ gls&ﬁu{ngrgglﬁ{ 8)11& of@é’lat h?g(l"ll osure
that the weight ratio alumna to silica in I ca- coate umna is in
a range fromratouhiclh e@lbttoL%omdwm(Ef@Sw%tﬁtq bebmvtos apykiphdha beep edtede t hat t he
wei ght rat |\91t}p£ﬁfﬂel&@f01§% t&ﬁ?etvﬁldg &)’h@@ﬁleﬁtb%tcalily dny an%ﬁohﬁd Wik 11,ca1@1Q&1UtTh'b 2: 1,

about 1.3:1, about -1, about 1. about about 1.7:1, about

1.8:1, abou‘tleCtr%‘bW]ihd@Wing SpaRens T ty&l%lt}'t 3. ilﬁimn %Bﬁt‘“?g Zanfn ABEGE 2. 3: 1,
about 2. 4: lcomabhaut TRisShd chembaiyttreie®solid ogibotinpRsey a talciddd @uittac? pBdilt ofabout

2.9:1, ; b 4:1, about
3.5:1, gﬁout 1%St6°“fasmg5’“? ‘é(m% o %QS(?%%%?IG%“’% Witﬁ‘gg‘g %tmgﬂ é"“?f% CQ%@)‘&%% 1. about
4.1:1, aboulyp#taldy, the chpypigallydreged solidloeside campiisds at ddgepuane Jordzing, agdoselid4, 6: 1,
about 4. 7: L,;Rbaut tet4nsg L;Ilppor@-bag&'tacﬁva%r—ltupp@b% no® uskd t& Q‘%g'tthe%e &b ne%QOUt 5.2:1,
about 5.3:1, about a out 1 about 5.6:1, about -1, about
5.8:1, abouit 5§ and Su%tb%?&tp‘”@mi shogldgigt 663"@”16 a3 Ay Ert efmi"’neab?ﬁ‘j]te O?ta]gﬁl about

8.1, 8 composition.



about 8.5:1, about 9:1, about 9.5:1, about 10:1, about 11:1, about 12:1,
about 13:1, about 14:1, about 15:1, about 16:1, about 17:1, about 18:1,
about 19:wp 2at1e03t9720: 1, about 30: 1, about 40:1, about 5@CT/USabo®O89769D: 1
about 70:1, about 80:1, about 90:1, about 95:1, about 96:1, about 97:1,
about 98:1, about 99:1, or about 100: %. Additionally, the weight ratio can
be within any range 5 fromabout 1:1 to about 100:1 (for exanple, the
weight ratiois in a range fron1about 2:1 to about 20:1), and this also

i ncl udes any co ion n t wee bou :1 (for
exampi o tho wer heiep abrtodt RIS s BTISER s G ot 1% PSR 1201 0
from about R@inlcah be @wbbinthepGucticy or tstlklewi theipvealidn, bt tyeralmaigésdaticecémsed herein
shoul d be 'H&&ﬁﬁ%ﬁ%%@md&mﬁmﬂanner simlar to this exanple. 10Applicants
reserve the right rovi so out or exclude any individual nenbers of any
such group, i ncldﬂdwbbcaams a8 PUENEEE S MBS ARSI JFTeRU-PEITEEs Wi t hi n

the gr Ousp fohat p&pdie Bﬁde@drﬁlnﬁﬁﬁh A6LRME fBiGexbu@pld tlliead&Q@ruM arldMcdYoldid¥ | ar

manner, a eas lcanschoet claimless than the full
Tonour e of e iiEbSaRE PR BioEs gt G B weditiin tisp At b Brele. ¢ hat
Appl i cant s deyiblieinvnaware pfiblattiobhd@schiserethohgtotiehd uetuarfgprmxfldeﬂhelelamqnl i cation.
.1 5 F “.r t her ’théoﬂgﬁ)l%cllo%ﬁ‘n §10r tg%?e 91 tdgtg 0? 'thggg'esé a&) 19a¥101§ ONgtlﬂltn %Erelg)%sc lo"{)%e any
i ndi vi dual substit ana é% Struct tures, or groups
t her eof , orcoa&ﬁlvedr@rﬁﬁéﬂ@lsmn Téatdlpeamm@mgqup@ entiﬂred f%ﬁntedmsqcbd%wuwﬁm i cants
choose 10) Clidler®r higs dvidiign the full neasure of the disclosure, for exanple,
to account for a reference that @ plicants may be unaware of at the tinme of
the filing of tH& APpPITEAET SARPOSETHIECIESE} fgreinginy segeal: orgiRerific pretung, o
i ntend e d t oprésaaddutk® epdodibakesall tcﬁrfcﬁrﬁlhﬂldmﬂSsorrErsgr.egloléﬁmeksaaﬁltstemGEdeﬂsnﬂhﬁS S
gf’ h,(?;wnzfais ;? g%r];]slg é)(r)n aF Olélr‘u dﬂ;?rtsae‘tngfa Sub%tnlfeentg SﬁleoseHergl or sgecafn r%Eturt\éﬁ‘ars%; z:’,lpport
conbi nat i ongcapfpassey ellt krarthm@; dapsteieyatror a@upﬁl@r topmal reats| vbeke @onpound,
res pectiyel éﬁanu\é\l%bﬂlc%r%%%@%rﬁlb Q0 SelP i MELD 0% BlEmIE S HbREEL debghiglams of
"conprisin various 25 conponents or steps, the conp05|t|ons and net hods
can al so "cWriskided &éa_ntially of" or "consist of" the various conponents or

st eps. For exanpipplicafs addlék Y& traCOPG 08 fahgc® M he) p@ftndigpatdn. Ofhede hl&)hﬂé esent

i nvention an cormrllt%gfo al ter atl vel %/f an COI’ISI st %swe%ﬂhaﬁos%/ ]ilge.

al ternati vel'y™* CAn"LEn ST §F 5S¢ a(lm?be BRLTOBhE PFangid

met al | oceneorcoimpoting a rahgd 9f sarfach erast a pNE oAptr vatioes: supgeer bartidandzef.iai 1) at

| east one opgANeaRlH M%Ssoﬁﬁ%'@&th SRR B kbeles BERERLPA N £Xse DFEy I NVENTI ON

The present invention rel ates generally to chemcally-treat &d si i ca- coat ed
al um na actWReatBicEp Fgmt § to @%?Oaw alr&mﬁ%’slﬁlty BriisPoetit BYIbAhe Kedé supports,
met hods f orrappee@pad |ré%g)na&§z eSS, slwma%teﬁd Q&ﬂs @athalrabgé 2L QEPASinyisons, net hods
for using the ca sb rrp%Is ions to eflns t he giolymar

o5 ne. peoditsn UL LR Carhryee CONROSII e 3G aRk POrLIRpr oduced
using thes eAmxhbaynmlnsclpssormmm 9 weight ratié nf zpamha tDLdﬂa:a in & Ri@cqproeseatminaventi on 1 s
di rect eﬁrds t OA@B&%C%MS %ﬁ%%ﬁ%@r aédn'h?d?wﬁ;g gl)ééme'}ﬁmﬁé}ttﬂa%’&m{ ra§%‘épp0r ts and
to cata yst onposli tions e oyl ng suc acti vator suppor S

conposi t i oneuld GheoaiP#b rgnststval ‘§1thl the@sctosat beinl Bind fiscleswp ot @gwelghttrﬁ@ pr esent

invention canpfnausetlcd @ aRAIREAVGRd afu@fina8X 8MPlafae RInhogNer Rased 1b@nopol yners
and copol y LYST t conp 0Si t{ ?ns

rs. 5 CATAl
di scl osed Eg?pgfﬁtséﬁﬁ%dégﬁe&fe tPaééI?tw%g;EémE? Fnds S%Cg‘?écﬁ’“%ﬁ tthi'na o bbott 1
activat or - sabpportl, abdocior: diabigt t. almhenasspeﬂioutd% L, Aupr.es.endut il Bueabbuton a
cat al ys{, co rovi | east
one tra§nS| tllrr%?i Iﬁ(én gff Ab%mg 1 1 90%92 w]’t aPTt%%gEeﬁozlgﬁ (1)uarl%(c)iut25l abet(%% ‘at | east
one acti vat@@uté’rdplp@li’ow 2 8 1, about?r?el alou] BhgboupAé: 1a@i1011tv3a& brbaippdr abodonpri ses

at | east ongy, §|al)(|)L§@'5q0§JO§td_% @i lamunm 1%»5&@@3 laal‘!l»ﬁ{ gb‘ﬂl arba&tuq oud. Umina to
silica rangin fromabout : treated with at

| east one P8R rPan2tFt ik é@ﬁuﬁéj“ é’rﬁbﬁlﬁ 2 th@""e‘&“q ]eélg"ﬂ*‘t ‘b?‘té’ a@‘l"%élgr o Wi t hdr awi ng
ani on can conprab&e 5:1f doutexanpbe 5.0 uobitde; 1, etvhos. 4:debolsam dept phasphat e,

triflat ?5 béb%&%'sfralt, gdoutSSITJé:lf, %o%t 5.9:1, about 6:1, about 6.5:1, about 7:1, about 7.5:1, about 8:1,



15 and the |ike, or conbinations thereof This catal yst conposition can
further conprise at | east one organoal um num conpound. These cat al yst
conposi t iwoxota37ve utilized to produce pol yol efi ns - hecopskemwres;9
copolynmers, and the like - for a variety of end-use applications. In
accordance with this and other aspectsgtof the present invention, it is
contenpl ated that the catal yst conpositions disclosed herein can contain
nore than one transition nmetal 20conpound and/or nore than one netal |l ocene
conmpound an /or nor.e t ctiv tor Ad i re than
one organoa%%u?ngr?un?b(%tr?p Qbr?at PSbOUER) ?ﬁ(’%nlg 1&12 i tl?ﬂ g%% r aspect
of the presaptt 15:hwént il@habaut l:’/at aboysts: lcaimpb@llmb@uﬂos Foro¥):detownki:th

compr i S€S_akohi 883 LMoL @&%W %u{@u%bo%omb%999%8@9%9?4;@671at | east

one acti vator - SuppOI‘t t1 ona [ east one or ganoal um num
conpound, vibey & appHt 89: bé\’f %hoyfslpo 25%%%365@ tf gpichistis s antingny yo&r ee of

al um noxsanegom wogtalnpmbm 1@61 Qél@@ﬁﬁ{b@ﬁ@tvﬁlgﬁﬁr@mﬂrhszranmm R: m ionic
conmpounds. |n t e, cat al é%t conposi tion catflt activity,

a
to be di scubB¥d BélaB&H“Si oy 1H USH SR OB OGP 196 SR Y W[eF“o 2o f’?tonal
co- cat al yst ®0:1 (for exanirgwen evejghi ntiotsher ragpéomsibaft 18l © abow et ioofromopt i onal

co-catal yst %oﬁ%%ll EabGT0b: %%%Tewl: Q1 SHATRYoE dls%loge%th@ex%ﬁoufd%gglﬁeﬁ-%&ﬂec?ﬁ

conprising at [east one 'ocene or transition nmpound and at
| east one achinpetsBrlasiggporem@an further conprise at | east one optional

co-catajyst. Suidptlafs Fe@e'r&‘e&h%@hﬂo%rdv%o bhlios eRRRESE ik kNGdNER of Byt are not
limted to, alum noxane conpounds, gbanoboron or organoborate corrpounds

i oni zi ng | oRFEEEBhPGIIHES : anyastliﬁmt“ﬁf@ 9 i ROMaYPnS 0f YR TARECS FHEN (i @Bf Plbr e t han
one co- cat aday st cleiad b@oqarngscemangenortﬂn enyc:sahlaalr yiatne€, @mﬂaﬂytrba@dsn Aphidnat her

cat al ySt COTTBOS%L[Ot !:lglrr}l lgscs”:['h qipe f%ﬁed I‘l}reero thecﬁ {Tg)ure Of €x. ]1 § %coun&tfolr%aSt one
transition metal’ compou ocene conp cf {py©

activator - sra@mmetthata%mhf(aet)? naiv bleelamar@ﬂfeatoheg@m@aﬂ eifihugeichapenlipdion. The at

| east one aﬁlhh&ak licHWPBRRL 1ROMERI 10SRSVidloul &a&klu@ﬂﬁy%&m&ﬁr Go&kRAsal um na
treated 5 with | east one electron-wi thdraw ng ani on. The at |east one

si | i ca- coat®yos} mﬁlm&ldﬁdéga%dw&ugﬁrﬁs PRETYPOPCTEATU T 3% TRGOEF of 8 £14iFeda r ange

from about g&oub, ﬁfOfoﬁbﬂU'&eas’kﬁOA@hcaﬁfs dho@mt@bnist 163 fhat GhcaOuhead@¢ bf tHen this

aspect of tcbsclosue (I;]rtel Orr'? e, t acc unt Horare%eren eth;g eclgclglr?‘[nmyl“ f)h l’lr%‘lW%\llI\'A npat nion can
conprise flUSH ﬁ?cpld) BIOH G BROIPRRP & P7¥ PRFa™ b5t Fat e,

sul fate, antdnetdf@lelﬁihkgofﬂ@rapld@mnnatlons thereof O‘ten the at | east one

or ganoaid"m num %QR%&“Q CArr acfl@ ”EH& Ia?eemteﬁ]dgd {ornllc'ﬂ:ﬁg Bﬂa%l%t%% g., at least
triethylalum num tri-n-pr &é al um num tri-n-butylal um num

triisobutyl @ELHeRUHRCIYIPG sppe xﬁprallllmﬁ%ﬁhﬁdlwmwfo@e ARG or 2
di i sobutyl alh&mowﬂmc&y@hmas nﬁarm&aﬂc@hpam dhdnorehiR@xk decontbifidhy o num
chl ori de, i nation t st conpositions of the

oot | BT A B Pa 8 e e R FFREREDT on mer el o et ol | otene
conpound and at Wigksbmom@ioghamni oahddy ater @atied ®itkins af Caomipeising] wnivusa

25  components or steps, the compositions and methods can also “consist essentially of” or
“consist of” the various components or steps. For example, a catalyst composition in an
aspect of the present invention can comprise; alternatively, can consist essentially of; or
alternatively, can consist of; (1) at least one transition metal or metallocene compound, (ii) at
least one activator-support, and (iii) at least one organoaluminum compound.

30 DETAILED DESCRIPTION OF THE INVENTION

The present invention relates generally to chemically-treated silica-coated alumina
activator-supports, catalyst compositions employing these supports, methods for preparing
activator-supports and catalyst compositions, methods for using the catalyst compositions to
polymerize olefins, the polymer resins produced using such catalyst compositions, and

35  articles produced using these polymer resins.



15 activator-support can further conprise at |east one additional or
optional activator-support. For instance, optional activator-supports such
as fluoriweaoralsmma, chlorided al um na, brom ded al um ray/Usaé1HasEA
alumna, fluorided silica-alumna, chlorided silica-alumna, brom ded
silica-alumna, sulfated silica-alumna, fluorided silica-zirconia,
chlorided silicazirconia, bromded siliica-zirconia, sulfated
silica-zirconia, fluorided silica titania, and the 20 |ike, or

conbi nati ons t her eof e | yst .c |t|ons i.scl osed
horai 0 11 e dhartiefane FShPIEHES mrkEhms GRS

chemi cal | y-dlungat @dvadrtsippartsadnde naglyst bergposadne eingloying sugh faqiteyntelPﬂupﬂmm t he
si 11 ca- coat@gial YDAk Lot iR ARk AV RARp0ckOoAf: HbSRURRET UT L her
bel ow. One Or “nore organoal um-num conmpounds al so can be present 1n the
cat al yst coipbsised Onrodys) far ek ethylgisgeted homone lmars gt copdyydsi t i on

conpri sing @rAeastcomeodimransi tion netal or netal |l ocene conpound and at

| east one sili cg:ﬁ B’ ated al um

ctivator-support - and optiopally, at
st one. or gandAROM TUSIHOAHI PERH FHRY Horetigip T Bt PEASE b
addi tional ®fivagptipporal Aatling at @k apup pdihe presshienentiont hetast compstiionise opt i onal
activator s at least one solid oxide treated wth at | east
one el ectro&&\?\n&gh 1:‘Efzglvg\zﬁ% él§e§n| on. The 30 at |east one solid oxide can
conprise silica,@allgi o rasition pelalabupiundor redalipicnutrphiod phdt e,

het er opfy yt Ungst@taCleast bde@Biviior-FbpoeONi @, magnesi a, boria, zinc oxide, any
m xed oxi de thereof, or any m xture thereof; and the at | east one

el ectron-wit hdr %Rf?fdeaétﬁ%?f T SEBAL FITPEISS @ pagt ae SlB?asﬁEiFt?daarhénm% PRSI de,
chl ori de, bd‘@ﬂ’gld@a,tloloﬁd]udlﬁla td hﬂj@r@iguﬁgffaheaboﬁtl 1quooabmrtat)(e1 mmgph&tcﬁ

quorophosph(Ehtet trifluogroac Late trif | uor,ozircon
"least th 13 t 1 1??
f | uorotit anat ea eas 0§%§ cC 1‘01’1 Wl Wll’l%I alg(glt h e a ]leas Ol_JLe cleciron-wi aw1 anion

activator - sqapp@mrlse ddr etimpée ﬂmréntdlbndeehfnm@@rmmpé@e arifinget hlbulfate wittal i on such
as, for 1sexaamk1@,hk@ 'of‘&)mbh'aﬁ(ﬁmh%f P Khlyst v&lﬂﬁghdﬁ%n fikthd@mprcORRGLE, gal lium
tin, tungsten, Oé%/ denum and the |ike, or any nblnatlonthereof In yet
anot her asp¥&toreapagtuaynyat 006@%785.“{116%9rf§t35ft H‘@"Sﬁ}"é%%‘tbel YWiedt P aFPdeSn f urt her
5 conprise @0l mﬁﬁp@;pﬁdrsoa@blyaerg Iaﬂ(ﬁﬂhé)ﬁkeSWaﬁéiy sﬂ%h@asteapblfwtﬁm a clay
Imn{]gr glno ¢ ﬁelpl L)Lﬁla%ccor %ncé/ vith ﬁ'usea)rgcfl ot | atpeeCT 0 cta%/ peresen 1nev)ént%n 112 1Is %(gnlj[] %Jll Z_% g?gljl ed
silicate mtharti qatadysq mo@dmaﬂlsmqsrcbbaretm cat c@nnamnmrathan anenmmsmmctéd

al um nogj | i Gab&uI 085 hore AL daBEnelatili@ne YmpGAUIRULDBE 1ORSHAT ork NESGPRE €ri al s.
Addi tional, or optional, activator-support materials will be discussed in
more det ai | SUBRSFoRIdITEIRYY. B (s prcargenptheniprsapu beiscoirnditdonpasses a

catal yst conposit a@)ﬁhemmf biSthOfreRht ih@ASh, DB st @RPbitioans ﬁfe&ladd wich

ot bvat or - SURBRY St Bo B e Hee R eR e P B DO s R e E o et og
with at | eaappounendeIoemtnalunamﬂda:hdmawrgagoaammlm cobipeunie ivgibrkinr tais i @talyft al um na
171 to ShoutToGE s pERR LRI Bt b e B Py B IR %% om
about 2:1 t¥daHyue iR cmmp%lrlde Frofbs a&@m}tthezsat11YQt@0ramu9n s cafalysTiiigityelt al yst
CONPOSi t i ONheGidBuskddbbIBR in G0 BREACS 8f thdse ARASHal @&?u&l@g@rb@@lyym num conpound.
Additionally, this cat, al yst conp gﬁ’éél on.can further co | east one

optional co- cat dl%8Y TABFEISPECE 8 T YAty oRjige! B?Jf*}taéﬁéfl carat %%}F%t is at

| east one afouRtanpkaneatdpnpowndionabmbisagtat Gae ooy gasbbar ontrakitier gasobor at e
conpoun oni n thereof.
20Thi s ?bnve%?{n P gu%ﬁfa ﬂcf’{l][ﬁeert Je}lnélgggtg}ssglg%&t 0%9%9&% %reka?%m %ﬁé@;tlocatgl yst
conposi t i onwtalystuShitel co{cmly%%aml‘pﬂ epectgntimbd. gt aheot Hegpkiotdwenaatcal yst

conponent s dofp@ls, QFRIboBh of SMRBGSEe compounds] RRizAL idrnEE&mpBRes, tah@Rei tion
metal and/ or netal I ocene conpound can be precontacted with an ol efinic

nmonomer i f &&sir WFPIANNS Histeat s Morq e pe @r%ﬁﬂ}Yﬁ BBRSPESY & B BBPYmeri zed,
and an or ganeabsitthnum conpound for a first perl od of time prior to
contacting this , 2 gnt act an.activator-support. The
first pée§r1| od of Atmaelpcfit COHﬁQOSl??n COPﬁmHatre%%%eﬁ aglpmtel me, between the
transition netal and/or netall ocene corrpound (or compounds), the olefinic
nononer, and the organoal um num conpound typically ranges froma tine
period of about 1 mnute to about 24 hours, for exanple, from about 3

m nutes to about 1 hour. Precontact tinmes from about 10 m nutes to about 30
m nutes are al so enpl oyed.



30 Alternatively, the precontacting process is carried out in multiple
steps, rather than a single step, in which multiple mxtures are prepared,
each conpwpD2ong32e7di f f erent set of catal yst conponent s. PEDUSexanm7e9 at

| east two catal yst conponents are contacted formng a first m xture,

foll owed by contacting the first mxtyre with at |east one other catalyst
conponent formng a second m xture, a so forth. 12 Mul tiple
precontacting steps can be carried out in a single vessel or in multiple
vessel s. Furtheré pp % t precont actlng %ﬁ' can be ﬁarrled out in series
(sequential ly), P& B%r%?ﬂgﬁ OO CORBT R AL T Ch T He 8 "“For exanple, a first
m xture of two cBtaaleysineegivponentos; edn be fornmed in a first vessel, a
second m xture re plus one 5additional catalyst
conponent can bgagg%%E%BgQ$QSMRkP§S?m%é%geI or in a second vessel, which is
typical Iy pl acedhespistoneaves-sumer eopmseselsasepne silica-coated pugiaipied aspect

one or norewief attiag dﬁam&tﬁéﬁlwuﬁ&m@@@fn&s TRMt lﬂﬁst%ﬂé slﬁcazwﬂemueﬁlnd Rsdi fferent
pr econtactin treat an exa rt S onent IS
Pea I nt o 5 TopLEoSh EEBhRe thwg y BAER e R0 oS e Pieg ir vk Posst one
ot her catahwsm200nmmmemmanmhhéEwmmﬁltﬁearbﬂﬂmﬂdﬁmumﬂwﬂmmangammnaataIyst
conponent i g | N ] Qcti . | ting with
ot Teast orSmBfiidiBhe, BiSREGLBLIRAPRACIANG, KERAR] il gﬁﬁ%ﬂ%ﬁe reactor,
or a conbi rf@mb@wlomhéwe@eﬁ @ﬁ@% pslree@dmsfa@"{el Qﬂi@aneaélrmlwén ceproNEd U TPHsCany

sui tabl g e%ln@tﬂ%ﬁlﬁmm&ﬁ(:h tﬁ&hmﬁmum st |tﬂ-’h%¢opmal>&m§rﬁﬁks triviAbnAgmigiAt | ¢ M xi ng
devices, a flas a vessel of any e, i nations of these apparatus.

15/ n anot hef! Tm%WnP%PE@WH%%W¥WbEI ?ﬁ@ﬂWEPW%GE”E%?&FV@Pn@8ﬁﬁ6nents (for
exanple, t I‘(ﬁfb’ﬂS}llatlurmﬂlrﬁmh(ﬁide,ﬁﬁeﬂfmmﬁﬂlﬂlmﬁhﬁdﬁ oo usithinadet tharadfor - support,

or ganoal um num (t%ta?att A gstltio sag{dt tresont E1l‘nvel>{t10n counr%?ht Ul’t E}éagtdo e%gar Otcl:o%r bOI’l) are
contacted in the paf Flon reactor ‘st nultane 321 Whil e “the
polyner|zaUn@ﬁ<re@@ﬂp®m3ﬁgmpm@c@édihgﬁ(#@t%ﬂM%@yv@m#sﬂ@hymww@m@mwnore of

these cpdal éégxtfatogQJHBS}P%tiﬁrﬂ?e@@orjﬂtﬁ‘lsepthga@tn(gr@%ﬁ(ﬁgonlalnor%pﬁ@fﬁﬁﬁzltwd%r s@fpok.0_entering
the 20 reaction zone. This precontacting step can be continuous, in which

t he precont%%ﬂ@ﬁmﬁ¥dﬁﬂ%?l %Wﬁﬁﬁmﬁﬁﬁ%ﬁﬁ%dﬁsﬁvﬁﬁﬁ'@ﬁém%e%%¥%?1”6@m?t can be a
st epwi se orbrmﬁéahwmslmapﬁme& SalinfinaMTiuGiidca dnab-ehmoh, preaoMtsacs- admﬁaa oduct is

added to rrebk 1?[edc ah(‘ta a%%ntinac Sourlrfgagl ]]i'l a;)aﬁ]umln hIﬂ%OIPC{engﬁ)lQaF ZalI%})I%:I n%hl%)ﬁc%e S1 1ca

carried out over a can’range Bw'Seconds to as much
as sever al UWyg%tmmm&ﬂngeaZH¢MMJhM@ﬂhspeemmmmhémmmhdwﬂuamgﬂ@me@dmtact|ng

step gegper athe,y or c§1§l;1§at1t)ﬁsqmr%§ Q:Qrp%t eni'plo%@cpg anlglé? c@%‘sﬁmr& dﬁggged héran apot her

aspect, the continuous precontacting step | asts fromabout 10 seconds to
about 45 ni Autddtiongl of ppfiona prstitator-syAPpittie 2t gerisaliirtreand ilisytlagina, this  Once a

precont act e@latmaxis rfRreaf frdnh e bili@NShttd QiniiR R the PREMOMYBER L QBB sed
conpound(s anoal um num co- cat

o e Bl RO Tt Slisdievd) SR BTl Breg! Pl B adi i on

of the actlmmmmmxﬁupport) is termed the 30 "postcontacted m xture." The

post congact ed mixtiie: QKL ANBLLY L EIRINS AN AEL 0 RuBpgaNAyper T od of

time e pOSt cont act prior to 1nitiati ng pO ymnerl zatl on process.
Post cont actm¢tdllesse sempred amhélt prrec ot dbeied jitiing agigloffupport — and

activat or - sypppry, Qeasr @Jelo‘fgah@aﬁlgﬁmﬁr[ @m&b&yl ca-n Rt @ndpRscadQbikt & hours. In
a further aspect, the f?stcontact t| in a range from about 1
: Wl el B B

mnute to aBOUPTLOHAUPI! SR ERS e WY B OFh@UBES AU EEPIHg st ep,
350r bot h, eapriienarieasec tdie opiloderatliwithtayleot oteh@cipmlwirBrawag agsiomnrpEireed t o t he

same Ca§@ l y§tleast]t)%e solid oxide can comprise silica, alumina, silica-alumina, aluminum phosphate,
heteropolytungstate, titania, zirconia, magnesia, boria, zinc oxide, any mixed oxide thereof, or
any mixture thereof; and the at least one electron-withdrawing anion can comprise sulfate,
bisulfate, fluoride, chloride, bromide, iodide, fluorosulfate, fluoroborate, phosphate,
fluorophosphate, trifluoroacetate, triflate, fluorozirconate, fluorotitanate, or any combination

35  thereof.



conposition that is prepared wi thout precontacting or postcontacting.
However, neither a precontacting step nor a postcontacting step is

requi red.wo0 2011/03T47¢ post contacted m xture can be heat edPat/us2t18/mErat ur e
and for a tine period sufficient to allow adsorption, inpregnation, or
interaction of precontacted m xture and the 5 activator-support, such that
a portion of the conponents of the pré ontacted m xture is immbilized,
adsor bed, or deposited thereon Where heating is errpl oyed, the

post cont act ed ture e rom bet ween

f
about 0 F to ab SR {(‘)T %L%pp‘f 8%%568YYPt1"4?(fali‘:°‘%n8°“% ] tg]gog ta?“’“ o I'n

anot her aspacfor eaanmed, ainlcpcteman, @rkeb ngaadoal lsmenmwppeargdlham, an;t tungateor - support
can be 10pr£&p@g&g tﬁeQ{ke%rQ&rch b, hibg: prior to being contacted with
the olefin to be polynerized e reactor, as denonstrated in Exanple 6
that follows. Inyet %@@@rﬁpfﬁg %plyarf@ma@p@é& ofpthe PRPFQ [THGRIRE ih furhtie nol ar
rati o ofs t hempBle@se @fmokd BOSIal dc@ITREBbrisQElediE@ RN mgrhﬁne@@rmﬂmd ckp the noles

g T oo TS SRRl £o5Eb Ty e SRIROTHL: PHuBeL B s ol
rati o i s i nmacrrlangendayend siboutit minerhl, taolagixautlundindsjl 006 miéed.,, a non-layvotiher
compound. 1 ' TRARCl e R0 and 4% M1 S BbnRRSL! AESNRu Bl "AMRELR T B
1:1 to abompthnampwatqlrﬁé@@rtmmewls wakbie discussefl [napqre detrdl belawi o of total noles of
transitipn metaln sRdisQkt, %tpeelsén%eaﬁommmdsé%alﬁomum co sﬁdge t ot al

anmount of organoal um num conpound npounds) I n both the recont act ed
m xture and® {AS OPIEPEERIHEA 8rdn‘fﬁu>‘8feﬂ? &"HEPBPPSFH%G Jeastone dol AR PP ngh and/ or

post cont actait ﬂngsts)hepﬁvmreu@ﬁplcﬁy@dlpnse at least Wbesﬂlcaccpltee@mnﬁraatemagwsﬁ ap IS used,
transiti on Wt ShrieP SR PRnE et b St gt SRRRTBLHe i deBlse BeCa m xt ur e
is typical | $lichnoagedrabymgra chir angedivonppout 1100 ﬂmufal@@u,tfml@@n@@@mm abaqupid 411 nol es 25

of each;LonpaRRNtoear 8o S6R 2.0 1d Bbs 26@tdrcfro¥n0ab@&9QL{5”aboﬁJPf2 1615]@1%%1%1ny this
i nventi on where nore than one ol efin nononer and/or nore

one
transition %E‘P%SF“OQH%P/%?“WP?@(?&E?Fé"lﬁ’d’ﬁgﬁb‘?fhﬁ“ﬁ“? @%?%Qeﬁddltm}}?liyh@fs this
nol ar rati ccakBst depbsitioa cﬁrﬁﬂ@ﬁerfcbﬁmsabouﬁst b apubﬁn aboulysd, wd@Qinkhd @ anot her
aspect of the Ing\(/)er(])%;ﬂ%(pcatﬁt safaleas‘ydne al m xangcom I;)at ;Rlegf Ol‘(g al lillm num
conpound t 0 “RctF VAIEH & TG F A U RN G R O A §9°'" Y about
1:1000. |f roreendbbratn com@uak qama)humwugnomg nq:mmnldi amdy mmbmam@ thdnmh one
acti vat gy - SUPPOF;siiS RN fA¥Eencditagcd AlhRs bEmBGREHs0 BudiNe cduPh@ionyiel ght of
each respective conponent. |n another aspect, the weight ratio of  the

or ganoal uni WelScBnHe corctitghoiemrsyie esFalxst SOPBIENtS B ApyIoTder ORYEEIEEr om about
3:1 to about 1 ]IQ@ at 104st §rlc QRMARA Uketal arkl/dr Ghe@DOVde binpOlind cdiffoe precontadidd SOME
aspects of t vent| on

transitian tal or
roPor ] oconev i E Rt e shBS T Merhahy e St pRRTh iR B4 hpout
1: 1, 000, OOOandIafn qn‘ganealmrimamn anepdundrigi ¢ ifon preddabf amd/poipr retaldcdogeties conpound
and/ or or ﬁ%&aﬁ&teﬁnﬁm&t WYRLPASHARAN ! el QU oS i, iy based on

t he total each respective r’rdponent I'n anot her aspect, this
wei ght rat |R§ecp§taqt Himg betiseiethd rantigseit ad/g napllagsautomPourd@oreonpPouss)f r om about

1:10 to abomd obfidid nfdB@ner, AL, thd Brg%@lhllﬂﬂlﬁmae%ﬁg&ﬁld t;phteuy\@ngéatfrdhawtﬁleof t he
transition netal aagnd/ or. netall ocg[}g co oun Sf? % h3 activator - support i's
in aran ge Hefl% 816'[ nim]fﬁ) to[ %)O%{t% uri om about 3 minutes to about 1

hour. Precontact times from about 10 minutes to about 30 minutes are also employed.

30 Alternatively, the precontacting process is carried out in multiple steps, rather than a
single step, in which multiple mixtures are prepared, each comprising a different set of
catalyst components. For example, at least two catalyst components are contacted forming a
first mixture, followed by contacting the first mixture with at least one other catalyst

component forming a second mixture, and so forth.



Yet, in another aspect of this invention, the concentration of the
transition netal or 10 netallocene, in units of mcronoles of the
transi ti oMoreetial37on net al | ocene per gram of the activat @cTaispponygy77ean be
in a range fromabout 0.5 to about 150. If nore than one transition netal
and/ or metal | ocene and/or nore than ong activator-support is enployed, this
ratio i s based on the total weight of fach respective conponent. |n another
aspect, the concentration of the transition netal and/ or metal |l ocene, in
units of mcro the transition nd/ or tall ocene per gram
of the acti vat o SappBr el B b Pt PoneRBbar-d & aRUEr 150, For
exanmpl e, fremeabduthed nubipalyowtntdd@ay stéps gmn Bbauted Suttio sateo bqu8Bially)r om about 5
to about 60,,.q[ trraoaatn@mt& iRrdoP lao?%tnpfeoa Aspmatdré tf R0 HORE ARREGL the
concentration of transition net or | ocene, I1n units of

m cronol es @t btﬂrtem@t &h3ifeyt gpssehet afcorthagie ﬁetpalﬁlpeé‘enfestmm@r R ote t he
activat o3 - sddpipeat @ataity@t doﬁp@leﬁt@ﬂg& hinRIAROfE vsst1@r ARQIonBRssef, valh @bout 1 to
20about 20, fr nt@bg abﬁ t 15, or fromabout 1 to about 12.

Accor di ng t¥P€d ﬁﬁa H@@PQ%HV’ tY$%&nti on, al umi noxane conpounds are not
required to fornmhmﬂwoabatymtommmpoﬁmemoﬂymtbmsmmmbmnpoﬁmnmmhzatmon
broceeds | Nukfig, ARRENGR, A ALIT AOK NG AGEALAUDOL Yol RUEPERY, | NVENt 01
can use, for exa Fganoal uri num c s and an ac or-support in
t he absenceﬁr@}fprqszmt%ﬁltﬁ)wéﬁqbfgr Provepieeing gith natwl??eh‘me et @lalysgomgongguyitileby t heory,

it is balieyednbhhal ot he s@agmat umpeﬁem m@m%@qedoh&ale%ngaeg vBQll f@ctivate a
transition netal or netall ocene cat al inth sane nmanner as an

organoalunﬂ%b&ﬁﬁ@n%BﬁbﬁuﬁﬁonemhﬂCmﬂﬁﬂ?ﬁﬂbﬁﬁfP?“ﬁﬁﬁﬂggﬁema@bgﬁﬁg'm
organoboronu&ndmamgamoboramenm@mmouﬁﬁsbamewoomnﬁeqummedehmmhommma cat al yst
conposi tion qfnkg I‘gu‘redI rQl\)/; nn5<s .various statlot nqgunes ev1oeas‘| auﬁ?ls OaX \%@S%be an Q Cgranobor on
or organoborate ¢onpou i'On1 2i Ng 1onrc  conpounds, or conbitat| ons

t her eof canmbemuye@ﬁﬂWﬁUmheﬁmcataIyst conposi tions contenplated by and
enconpagssed W t hj BndulRe . PEEIEMis nAMBIH RN aribiR NGElyst COMGARLAM ¥ SafpEh as

al um noxanes, organoboron or organoborate conpounds, ionizing ionic
conpounds, BPSTEGBTHATi YOt PR INe ARV H- SéPPﬁfto&)ré%P"Wltnﬁmtl leCEhsi ti on

met al and/Qﬁdﬁ@ﬁ@hﬂp@ﬁmﬁmmﬁﬁﬂﬂqﬂ@mm&ﬂﬁaﬁl&hﬁ&alﬁl&h@MQﬁBﬁﬁﬁﬁﬁﬁ@mm1n t he
absence of 35 lfaneo eyg Ql(l)eatklé'lrr(l)lnrgrrrllzguon reactlon 18 r.o eedin iterna% (i an [['ICE wi th one
aspect of this invention, <’ ta St Cop g FEORE cARTESNDY iPLe A 'l east one
transition m@tafﬂoﬁzW@%@thmoememoombomwdmmabdnaa\k@dSKMDNEmﬁﬂmgﬂw

acti vat gy - SURRGT Jone. ! Thi@GERARAS Gepah Be ANOLAGY 1:A5RECGHe Rbcohdhi ﬂr&i‘ﬁ@cnt ion, a
cat al yst conposition can conprise at |east one transition metal or

met al | ocene’s EYrfgBiimetsyar Neagistonond Ae by § APRYIssUPBEItse Apfdssat Whhst one 5

or ganoal um tmtmot: praRatdnel prodicads &i&ded EORPQSI dataojﬁtscoinbosttbes ehiapecstab@ly aspects

of the present vention enera ve a cat act i |ty reater than
Sbout 100" graie® BY S R ASTEHE RieNBiGHS eR AR Groieit ot TGt

cont ext requvar@dlyspedongeram ttnfs agpedt ttmctootmusug)p@mtacpw stdpaueralla fests égmat ed

9PE/ gA- X | Uphy ! s%co%' ‘P& Q)%ﬁt ﬁﬁo%?cfn anbtl& %%Bnt%%k }éteb(}btagt%% £ 1gheater than
about 200, greater than about 0, greater than a or greater t han
about 500 gfi%@ gpaut 10 1@0@8 Fpraboyt ﬁ5 @tnuUtet ot Hhept laaipdeto ab@a%(bzwetts composi tions
of this lnventlQﬁm&ﬁﬂm%ﬁm&&ﬂ&ﬁ@&ﬁ%u%%&maﬁnH@Mhﬁ@bﬁm&ﬁk&%y§&mﬁ§&ﬂwlty
greater tha bout 7 reater than about 1000, r than about 1500

re
gPE/ gA- S/ hro" hlé“’ltf’atﬁagy??d FELOH TR ca%lyaééa é‘tmat“t‘tgﬁ“ bBEt* D660, greater
than about s40{d€(s), Othis groemagsiion t (véth e adbitio OF0thg REVgwe-Sbbarm , is itermee titeai n
aspect s;pf Lhi s i, o Lo AVh r r slurry
pol ymer |(§at |p8§rttcsoctoﬁéc/fﬁ%| 3%2 uﬂ% Ogt?(gs gab%gang% 0\6{ %nXlly egl q%@%#é%%cyg)? %a
pol yner i zatsegnd permder dimgr e o@stogmt@t and. prior gaitievingphesdympizgion 420espsi g. The

reactor preggifiac tinds @&geénxhec@at)ﬂtatédequ ahd\ge btlmuﬁ@o@%entmy ARRONer,
e.g., the ethyl ene pressure, but other contributors to the reactor pressure

can i ncl ude™RHBgeR L PRuGH hoyrs. Redhdeipics hidegsonaridBisrabe™fapor, and
conononmner gm%emmnMaQﬂﬂr@ﬁngmabmﬁlamﬁOﬁ&mﬁﬂamaMﬁguﬂ@d%[mﬂ&hM&&@h&@, cat al yst
Chan about Sagb: PaREEEE HoryURDY R Rl masr s Rmi iyt 9722 The
cont ext requlres) per grantof transition netal conpound or netallocene
conpound per hour (abbreviated gPE/ gMET/ hr). For exanple, the catalyst
activity can be greater than about 10,000, greater than about 25, 000, or
greater than about 50,000 gPE/ gMET/ hr. In another 25 aspect, catalyst
conpositions of this invention can be characterized as having a catal yst
activity greater than about 75,000, greater than about 100, 000, or greater
t han about 150, 000 gPE/ gMET/l u-. Yet, in another aspect of this invention,

t he catalyst act|V|ty can be greater than about 200 000 greater t han about



reactor pressure of about 420 psig. Cat al yst conposi tions enpl oyi ng
silica-coated alum na activator supports - for instance, fluorided
silica-cosbedialBmmina - may result in significant increaseaSeoonadrad yst
activity, for instance, as conpared to a conventional silica-alum na
activator-support - for 35instance, yorided silica-alumna - having an
alumna to silica weight ratio of Iesé than 1:1 16 (e.g., fron1about 0.05:1
to about 0.25:1). These catalyst activities can be conpared on a "per gram
of activator-support" basis or transition or

et ai | ocenc o BHERS e i B 4 dueE Bl gt bR GF Wk earyst
conp05|t|onMGbanmg@ﬂe&em@mwmmEHMMmm1S@mwmdIeast twi ce that of a conparable
catal yst COWOS'M ?&té&%&&f Bixﬂ&le BanCRMERE LOD R %th}e%a FhUMRR perdd
activator- sugp he sane reaction conditions, using the sane

ot her catal$ t@leefdﬁﬁmmsgrpﬂ@awr%mt@ﬁ € Fragrictian of Hr@aﬁth%fﬁtmlxmecang the| n anot her
aspect, 3 heacaidrWigbyrt, dficrameal @bm&{ of @mﬁlp&ﬂeﬁm N mpfrreosht&gedam&tukd ga- coat ed

al um na actijvator-support (wth i g to silicain a
Fonge of - r BB R s eron W et BB 106y e et ot ek T enet
about 3 ti niﬁﬁ‘gureagendrzﬂaﬁst heatod®tita dmperdi@s of faim bed@sh atldOWLF B aboure®), °Fadr | east
about 6 tines, .0 (S 0O about 7 tinmes the activity of a conparable
cat al yst cg%i%asblo’h § F ﬁ%\l?sﬂrng a silica-alum na activator-support (having
a weight ratio of ar@thumsmt § oetglidcére paniongasvatuange, okl ,an haivatexsapmpltean fer om about
0.05:1 I(P %&Hﬁtac@éd%& aﬁgeﬁod J? tn%% }3111(1r tm%tgugr{tac%ﬁgﬁtﬁtt 0¥6P§ to%%%glg §r ze(ﬁ(ﬁtl vity of
a catal yst conposit conprising a srlica-coat eé umn ctivator-support
can be fronthaisetar aﬂ?@%@@@%@@ﬂl}@ofoﬂq‘ﬁ‘?es the activity of a conparable

cat al yst COWDOSIAcb&mngWH% kb Gt RisShiehtfod; the holaPdalidhNGe AL YafaitioaUpPpOr t .
Yet, in another as he cat al yst act|V|t of a catal yst co 05|t| on

conpri sing ‘Ee@lqunl?gﬁﬁcc‘i&et warayg P i Bt ‘ifé’f%? aLENEY oPaHdYB AP Babout 2
times to abmuﬁ)osaibn tgmmaﬂy 1s&1|1 b &mgnaﬁmnvaioyt, 1:f focamuah)omt)ooS Iii bR Sr :Ispecalﬂ@ut 60

té: {né? ha J\[/gr(gar r?tlo 1S }41 %rarﬁﬁe A)mt 29)81!:1‘[ 131t t8 aa uglljil 8%(?‘ bfeltl n anot}{eﬁaspea% tthe m({ly of a
conpar abl e et aplfythtt ngdaYpols meiabwe@onprﬂlassltwg aetgli kéragmual tomitieg moles  of

activator - S&Qag%&mlnungg)n%urﬁ'@&%%g B840 :1 AN YboGAM N &k dsORoRf rafiRe
metal | ocene or transition metal compound, the activator-support, the

or ganoal umi itk dEnbutd, CEnmorhet JreYiR %ﬁoﬁ”é@r rpeialogsae SPIBOGRE A8t ed i n
sone aspect @nfpa‘)unﬂsh It(S thi MOt Rinb@in of ME@Bal@iYurP b@ﬂ@ﬁﬁdﬁ(@i tdﬂ@oﬁﬁ@lhi SotiMiHeh an

ol efi nlfo mononer , i ts not .necessar ydthat ebol gf -n_mon oger ucﬁed in the
pr econt act i NG SteP ‘6““‘5% § HiveP R OTEY MBI FETE BT IRE 2o 4 Y Eur t her

when a pr ecmmmilnxgtessae@emn@ 25 any conbination of the catal yst
conponent s i s enployettefoaciAe lep St wRE! O Lo ml M Ri&CAHAG! ed

m xture can be used in a subSequent postcontacting step between any ot her
conbi nat i ongPmEia{oa [t melensb eriten f Betalgandeor gadeligent gamerund(Pne theor

exanpl e, a grebhd@GaRErCONRAUNG a @ike GogaABAAL WMoYEi CaNPOUNdotalailks1- hexene
can be %Ssed |nh ISrecqnt act | ngﬁssttedp for a _first gtetﬁl od of t | e, and this
pr econt att el HXPUPB Y AEHE R Mg CoRPaerBLn it & Bt “8?1}%18%1‘” 3pTore

cheni cal | y-thaneat eldfirsoérogieronil/dendrothfiommiranspios tnetalinh@ort ek ngext wr@ounldat IS
contact ed flg) Emﬁoﬁgcgﬁ%elp ﬁ'th_s IQ(Q&I‘QLIO CFI{TFG iRh rafl)lre I”r(g)m lQ)lu{ Oalt ‘Joqgoutt !11 600

pol ynmeri zation reaction. For exanple, Irst per| od of time or cont act,
t he precontdetherapneg of heini@dn any conbi natl on of the transition netal or

met al | ocene coneu&4iy, ﬁqbe«elgﬂneiaorw Grgﬁﬂéﬁlgrﬁﬁﬁm cbRuARLH hMALEE SRR, and the
or ganoal um num_conpound can 1 mnute to about 24 hours, from

about 1°%hi e OB GBH AL E”’@%lﬁédpoo g%m‘?rf“‘ AU R T HLEIEOTS AABSut 30

m nut es. Theorpdsi omerﬁcamm;mrxtsmlo@m thcmrraﬂld iy bissd orlihe altdl @m&ﬂt df@adhemai nin
cont act forre ec% i? 1?6‘%{ II? gno?h err? ’the hp r%%(; ngﬁ'e q’ atnoatlumn‘l?um

initiating the eri zat i on pr BCEsS. ccordlngqt% one asp ec I]fdthls

i nventi on, tp@‘@ta@tyﬂ@a%lpp%’ﬁlmg rdya¢ e pbopiel torlaubht Weerdmppbsatt llniéo @Fad any

remai ni ng cpt@l yst conponents is fromabout 1 mnute to about 24 hours, or
fromabout 0.1 hour to about 1 hour. 5 SILICA-COATED ALUM NA

ACTI VATOR- SUPPORTS Activator-supports of the present invention
conprise silica-coated alum nas, and these materials conprise an alum na
matrix that is coated, or partially coated, with a layer of silica. These
silica-coated alum nas generally have a high alum na content, i.e., a

wei ght ratio of alumna to silica in the silica-coated alum na of greater
than about 1:1. Silica-coated 10 alum na activator-supports provided in
this invention can conprise at |east one silica-coated alumna treated with
at | east one el ectron-w thdrawi ng anion, the at |east one silica-coated

aI um na havi ng a WEI ght ratl 0 of aI um na to SI i ca rangl ng, general ly, from

a a v e A PN oA o, o, .



150f these anions al so can be enpl oyed. In one aspect of this

i nvention, the weight ratio of alumna to silica in the silica-coated

al um na oa02be/I3M78 range from about 1:1 to about 100: 1pCorustolomuenout
1.2:1 to about 25:1. In another aspect, the weight ratio of alumna to
silicain the silica-coated alum na ii4in a range fromabout 1.1:1 to about
100:1; alternatively, fromabout 1.1:17to about 75:1; 20 alternatively,
fromabout 1.3:1 to about 50:1; alternatively, fromabout 1.5:1 to about
20:1; or alternativel fr about 5:1 to abput 15:1. Yet, in another
aspect . the. wel dhioTaIeE™ B MAITA I o e il of Sl NE b B about 2: 1
t o about 100:alfjvawuginpasis if erangX &oplabout flrlotmaadoutl,020,000t olf atvouthartb@iel, from
abOUf[ 2:1 t@d‘nfl‘{?&uﬁletg@én%/br glretafl(gcgr{p (%ngbmlfl %1137011 Boéquﬂt ngclt:ctq‘\/atol‘:—&{ D rpﬁt ance, t he
alumna to silica weight ratio In a silica-coate .éfunlna canh be in a range
from about 2loyed thiraghibesed 5n the totplgraigibefiactpregegtiye spyprgpent 2Inanolger fr om
about 2:51 tQ@peal) Miktwelddi dtio ¥ ex rdd gl oM AbduO1:S td abGA 1 80,@N01 or Hidkaiabout 116 e

silica-coated al um na can be fromabout 2.1:1 to about. 9:1, from about

3 5t 101 o auiute BUP0S s ahiarrest et s 67 TNRD St Gpect o

di scl osed he¢t@iorene compoundth)gh tlal astivanasgont @nih asiahdecfeonc aatieti2@tousvomas of t he
pr esent inVﬁg%bon general ly have surface areas ranging fromabout 100 to
about 1000 n2/g. In sone aspects, the surface area 30 falls within a range
from about 150 tYstabogthe7doechefthis ifvertiopxbmngoheentrftiop pf @b awsitignoetrborabout 600

2/ g. The sHafiRcSeah 8RisQf nlindild JraR- Caati@dnad WrRan&an f.ARg8 Jurm about
250 to about 500 nﬁé% i n anot her aspect of this invention. Hi gh alum na
content si | IBEESDPEY o4 Rt AZSShER RYVSIn Paeu! hile As™OF hah 8t A8 ne/ g,
about 350 niég,andibromdtalbOOe Bt/ @, mdd¢ thabonit acdbfdraihbg iscampldpel, enplatysd in
aspe.Ct S OT lgapeldson Ith%v[e[;rﬂtvxlfe? rﬁt f e;'c% respectiv (;I(;rr}leor%r?tr ?n VnOlhlélrl’EE e%)tf thte Qe césnltrlatlio%a_ coat ed
alumnas is general?y gﬁ%a?er tHan about 0.5 nifg. Jten, THhe pore vol une
is greater dHbntrabout mgal7gdnt gtallgenegmegtte ! Mirgrnadsodtheltrantifign métel anot her
aspect , 14 he, RRF Get¥RbdhEBerl Pin @RS valoNARP 30 Oilthe In Zrafle/tf@m bt Y & avBiOt her
aspect, the pore volune falls within a range froma 5 nL/g to about

out O.
1.8 mi/g, slffnorsample fomebaiy farboyt ] BinfiqEabeut & logrbpit BY fiog 2RI G0 #%% mi/ g, or
from about 6b, oilir@n bdued @Ubouk 46. MLAQL another aspedinie SddcbrtatimaAtiRdraadition nas
d! scl osed hrgrtﬁland/%ene?gllgcl:elng irt1 91%‘['% 0?&%&0%% es F())?{ht Itl%l’llsinSI Ze‘%?anr op Ietggoc];r{eom about 5
microns to ‘abodt merons. TH SOne aspects of tHS MMVention; °t he
aver age parier glhe ditlrercihalor-suppitt, i m aararggariger fbpgnh albut 3@0rom downistot 0 about

100 m CEPNS.0 0, %R ¢ 10 bBE 1 2LHAR oA L1051 ze of silica-coated
al um nas can be in a range from about 40 to 10about 80 m crons.

Silica-coated alAffi'fas OFORhaPHTesbMs INFRAL | DHNBEHAND EOTPOBYE & "Usi ng
various netRQasd tol el Metangyst Rapesitdhs ThRs@e pdlyinddz&bion Patem in NR.abend01, 820,
which is in 0ﬁ>orated hergia%%% refgren ein itP entHrety. | n one aspect of
this i nvent TAMIXET B S SRt S FoP PP GHER Fify O 8Pl c S et WAVBHAl uni na can
conpri se t hembalnliowdagagivepsuppbs (i hpatwicd bivunatoxheasWhinet atendhn@ sour ce,

t he at a 1 na. I Sl.ng-: ] : al um na,
< e e L

cont act i ng & Hesien ek er pplelloatngririalistsio ke @mei THNY a8 G T $EeR BTN Spensi on
conpri sing @&mphgast one solvent and at | east one silicon-containing

conpound capabl e of. 20produci ng silica upon cal ci nation; i)
depositing a coé?@ﬁ]mﬁg]Fﬁgmﬁﬁg?%%éﬁyﬂﬁgggﬁF 8@ﬁpgﬂﬁfépﬁWWahéﬁﬁ%ﬁund on at
| east a porkdquind of firfea attalyseasimpositen af tid Maecsiour C@pethids, aluminoxanes,

30  organoboron or organoborate compounds, ionizing ionic compounds, or combinations thereof
can be used in other catalyst compositions contemplated by and encompassed within the
present invention. Hence, co-catalysts such as aluminoxanes, organoboron or organoborate
compounds, ionizing ionic compounds, or combinations thereof, can be employed with the
transition metal and/or metallocene compound, and either in the presence or in the absence of

35  an organoaluminum compound.



(iv) renoving the solvent. Al um na sources for silica-coated alum nas can
include, but are not limted to, an 25alum na, a hydrated al um na, al um num
hydr oxi dewokoslniv47e, or a conbi nati on t hereof | n ®oe/tstep/oef77¢ he
process to produce a silica-coated alum na, the alum na source (or sources)
is/are contacted with a solution or si?pension conprising at |east one

sol vent and at |east one silicon-contafning conpound capabl e of producing
silica upon cal cination. The al um na source nay be wet or dry prior to this
contacting step. ar solvent(s),

sui tabl e sol vent' acf°8rga“t°‘%‘§“%%ﬁe afﬁeﬁfr?tf gﬁ“ %Yf%tb"&n% fagg.‘/ f)cé’ma"sm"a i“ShErSiSn,

enul si on, aatdtagond imsitign rg@al of methlisdene chapoumk amipdt &ast wext @twamﬂ@pm gani c
solvents s I t her
hydrocarboﬁgaﬂgggﬁgﬁgﬁﬁh?Qgg&%pﬁmHpgﬁ%ﬁqgmmégc &Qﬁggf %Egﬁ?gﬁgq? er eof .

One or nor S IRISEIOMIEBIHY AIcHHorgncorpouhdsictshencyevalsetrrw- prigtiiteons coating
of silica, &'g-‘aﬁq@anuremrrwn@ou@ mﬁratyhtaebmmﬁmsng thdk dhlneth@labp¥thnas théprbsehtl coating

on the al unina cont ai ni ound e 1y is a
T S e A ot R e
cal ci nati on(hora;n:dlymmc hopwirer, icrl, 8s dlarcomtm Iregidides) bantgraar ef avotatdrisuppoedert o,

silica, Lcat C Si, ra t o i SOt ) 4,
si | oxane pg} yﬂ@ b geﬁl%%g/éﬂc%toﬂﬁf ]! (Ljé%tﬁ p:&gl tge %1(%1 gtmét ?&%N?%]%}kte S[Ml
conbi nat i orboEtREY ashieshan a@@wéooagrce@:rtt@an apoug ¢ Prregeatst therabow!iSP9 eliﬁﬁgﬁco nt ai ni ng

conmpoung) i sg/gleRR st AFmA sk, baamt C(ﬁhpgﬁt'i&n's @ﬂthfafmvteﬁren@&m dnea@@%cpfs, and the
solvent is renoved. The sol vent may enoved pri a

subsequent EXNE R FARYYACEER Freathbag E%BPtersoa?r e riagn r?ﬁ?i““ 580 41 @F?’i"édhaﬁef ore

and/ or duri arbgutaﬂ(d)’ €PE/ g $/et Thh eatgd g bh@iclitada sk pRatkiSthancadba ebex gmmrhhaan

g:‘ eglt [ ?gawotrl]) 1% %a?r%;ﬁa er %an é%ou 58&) %’E&? /]i]el‘slll’ll cgr{a%fa glgelc]tligf tBlrs ?n%een 10n | & eg‘ gg:: : 28
It shoul d betahysit @uwryhatneftshred gnder sia’rmméxne?@zaalbm peNdAiSsdise Imb@@hehler}ei n are

differeny fuiQm:cRAVRRLLGARIN Shhdfide dF bt NAd 8 QL@ PXIsHeDr 4R d& Tiexed

oxi des), both in terns of norphol ogy and the processes used to produce t he
respective WHBPIEE, 1SA§%%€%0%ohrethe §rerﬁu@a°fdbf‘afn@]am§r Urd-nias B he present
invention haweurdihotberhoghbadrtitd Ma r@ont podsut @afinclude WRk@H ghsat.boifof 15

al Um ha to hSIdllOI e%ais Iugle alsrg gg Vg rOIQrQn l(}J(S-Jn’ll'l()tl’lOrgl_el‘1 Stgl‘ \%.b(g‘#a 1(%08. 01(3 0 0?1’1%1‘ a Coatl ng
of silica (&°¢®° FEp apou et"8) “On" AR ar Ul WA nEet I X I'Ca-al umi nas
are known rmt:dérl aI s typi caI I y having an alumna to sili ca vvel ght ratio of
less thap 1:1, and.usuabiy cbxﬂp&m&%rlﬂ%efpﬁégéﬂt R QmQRvely LR1RBQINIO. 25: 1, as

illustrated in Exanple 1°that Tows. 'Such silica-al um na materials are
not the i nvaFHI e ops P! ew%olart%nﬁﬁemerolw SOk Eicom thy onieY pel i eved

that sili carqlitdyna gk ed tra&aloﬁxmaﬁscoﬁ@wnbeorplrlemaee daylp&ﬁad get Ihbirg or

co-precipitatin u of silica and
al umna (e. @bb ngteﬁfggpg}ég%;(h\é\{g)&r 8?”%’3/3 %ﬁpclaté]@'ﬁtaatc Wﬁ% Cﬁn g'f Ig]ie?:t Y wi t h

al um num i oNYOBrgrateu famaboull2e000 .8 Wrdagn thamraroph L0 e PE/SMEIThf. e neambdthérr om an

al um na25rmt Jstr)]%t %t&lgst aCOIfn JthI%r ofptﬂ‘irs 1f1\%11t10(r\100§£ Ib@%haﬁicte%ktlldl a%ahaw-l[ g catagf i na

electron-w t raw onent used treat e Sil1ca-Cco
solid 25 oxlide %aisr Een Ayt 7é<9%@rretﬁttth%nrrh@ut |1%90@a§@sea%féwé9rt§5%9008r onst ed

acidity of toranaalird vex ludemm@paapacr &ahlmtmu()@&hec@rm@r RbvilyQat Begs@dd d oxi de

that is not_tr ectr ani o

Accor di ng tB8% 8‘”2@?}@& grfﬁ‘ter ﬂ?‘?e E9Uég®n0c08|%ﬁr?&ﬁf %\f%ou& %Q%m é’g’érre?fﬂ {}]ﬁ) "t hdr awi ng
conponent i #oars0@®PEQNERIht. h”dl’ﬁﬁWangt /Mvigns tdewsiruedhdérstimy aolsatiztian aci d, or
gg{]?l‘:ecg”m p:’ég(g%(?’ngg r%l?()%ut%&? hghhuegth %91 grlzgt? qgegllif)g%t%eu()ll?%ouf ﬁ)l',él gn% as a

el ect r on- wi tedvthr awisarg obabwH30 bskee| ude, but are not limted to, sulfate,

bi sul fate, fl uord.gest @dﬁp@idl(gl@’en@fo?l% Ciﬁbca bRl dgymifd HARASULLANE, - for
fl uor oborate, phosphate, fl uorophosphate, tr|fI uoroacetate, triflate,

fluorozir cdﬁ%”tnée ﬂl”f’rtﬂﬁf1 st lic‘t rkt 8! umé}ﬁd' {H% TgSp Ik én Slrng@‘la{hileﬁEfS‘fﬁ RtgrRe and
conbi nat i ongtitifyefor @fstandeNasa@ehpirtdn,a @hhr@tionalodilid-abiminacktaenkhp@oapaunds t hat

Serve a§5 S Olggtzlcrl%es ﬂ]:J(())rlde& 51F(:S;1€;11u?n11%(:t ﬁagglg% glgrgl{ng\{g sr}l%a %v%{ggtnrgtloa(l)fﬁgss an n 1 l?e enpl oyed



35in the present invention. It is contenplated that the

el ectron-wi t hdrawi ng ani on can be, or can 20 conprise, fluoride, chloride,
brom de, wbhasphere triflate, bisulfate, sulfate, and tRreTIUSR@0/0ea77RNY
conbi nati on thereof, in sonme aspects of this invention. For instance, the
at | east one el ectron-w thdraw ng ani X@ can conprise fluoride or,
alternatively, can conprise sulfate. cording to one aspect of the present
invention, an activator-support conprising at 5 least one silica-coated

alumnatrete W th | east electr ani

onrbma ar daes Pt il G0 PREH o R L Ao B et na has @
wei ght rat |gJarmbf @tlwmrﬂ@pmﬁ tgiib proa ai meraranamfgena‘itmme@bonmmamloqent oagbout 100: 1;
alternative S N - I1 L, Lom about
R B i L I PRV
this aspecttvicergat &f alCéla@étfab&?n@ta@SteW%u% qommawanfgm@ﬁmﬁl BleeA- ab‘@mﬁrl se 10
fluori ?Tgs cdtamrdrid@porbr(wn dethe RAS phaid, C(Inﬂlhigﬂsahﬁng Resdahb adugr cadlyfiat e or
any co I nat1l on

o oy ek Shhisa P Melper e SR SR RRs e Gt PR K eb o 4°
al ternati vedoypositan oomprmrngSaesmdatooxteddﬂumﬂna acriveter-supos@hateycigulrdtat & or any
combi nati on,, r{)lﬁa{t%%gma aAl,t E‘%% 'fo‘f%lca%lﬂ 1S B0k GHTPT 156 é%hquF)é:&ec-an f}é heLpatively,
can COfT'pI’I se rom rnétl ve )P can COfT'pI’I S€ phosp .at e, or

al t er nat i velbgut 3diss. @b}wﬁ iib@ét Slinds et deast alogt PEes. ttheestabett b tias. @f 3thdftawi ng

conponery CHHN SRS (R SRt} 00f c@%aﬁbl@%&t&l?@t&hﬂoﬂ%@%@ﬁm@ﬂ Qive-afufghacount eri on
or cation of that salt can be selected fromany cation that allows the salt

to revert oFTHECSIBYSE Rk IHE OééFlamﬂf?rsﬂlﬁ@mc?arF“&%eﬁf 1Y€ 6P t hat

di ct at e t heabsuti (t@hi {oi atbyuta)‘zstlble Ipatit Iaﬁlj.tﬂeﬁlaspS(ﬂJ the tcﬂalﬁ@l‘akftﬁntﬁ&fa aanstce for the
el ectron-w ctolr‘]nd(l;s% on cgmaﬁrgmo stlil Ccoléltg?alu R ns%t ort! m tcejrgom Dout ?‘umSOl ubi I ty
of the salt“I'h the desired solvent . "the T ack of** 20" adver se reacti vi ty of

t he cation, t0|ab<ifv-t ped tingsgthe hdtipity of bedmparble chielys apinpnsitiom donemision 2 shiygr oscopi ¢

propert 1535 AILHBQJ taﬁglatglosuf)&% Sal’le{ 1pyan5thg' e?sﬁéc{ GRe cQtElSisttJE@wa' Jﬁea C@t@gstt her mal
stability of the anion, Exanples of suitabl'e cations in the salf of the

el ect r on- wi ©HEPSHRN GRARINE A Sihﬁec?oa&a%almﬁm ac{iVEOTHPPOFti R beefient Poutanisti um

trial kyl anpaséugy ntnei, faEe':lhllalﬁy&ly erfasmwm mﬁ@ttds alsuk g mph;osmhamewmfroﬂrﬂ

[ H( Ot 2) 2] bbut%numes 0 bﬁl&l&% thes oL alttema{lilel aQout[ 4?1mes ‘% abo V\QO %mesmale

di fferent el éttron-w thdraw ng afion |nv 8P iFong &5n be used
to tailor tmeVls(rmémdmp@rabicpaﬂalstsycoomosuttme cacﬂmsmaa slh@asalhmp@ra@tnta@r suppordesi r ed
level . fepnbi natiQngQlseeEehl Ay %&Ma&ﬁ‘{“o@%&%ﬁﬁ&%ﬁﬁ B qlaﬁgngﬁ Iﬁaﬁt act ed
with the oxide material (s) similtaneously or individ é I n any order
t hat af f or dOMPHHEdJES PiRdorEHPATLCRY Prganotlagingy cempque. @%i @1@0 an alpwner sFor

exanpl e, on@n a&p@&ﬁm&@d fﬁlhbrﬁe étsBéé%erhl@Jhni'eitlon??QV&Hﬂh}QM’ed?bgta&n\ﬁ@ o@irsRBthe

el ectron-with anl urce c unds in two or re se rate
Contnetl e GG D080 R SOHLESHE HPAFREE (b? p8h o B Bl P RO suppor
can conpri seepde $helsarceaasc1ma¢1€uh tabapilyrerivade &tuetehr, wihbha arecongead stepvomong

el ectr gGt ng:.ani ons can
be sel g%lstedatﬂpggﬁ 8%?)? ?ﬁtaﬁ%rl Bg{lell%rlso%n Oﬁh oJ's&E)l ttg\éﬁogtrl # aftl;heS

bi sul f at e, Hefontagied mixhE ¢ahe|Usgdein aA@é@ﬁwﬁw@Wmmm #eD berest amxuehel ect r on-

35wi t hdr awi ebRARIARS &R &)ﬁhﬁ'&{eh@ &or b kdeoid B BITEmRPNBSRRAIR, 2 biickde and
sulfate, chloride and 2 osphat e e aﬁchgrl de and sulfate, triflate and

sul fate, or“tPPYdte MG “B]HBEIpCHQP‘él e AP RTHE! B PRSP RARL i on.

Thus, one eﬁ@aarrﬁl‘s@emfd @ tipe,ooe i ﬂngponmwdh’mﬂulehemaha)lelc(ymatcreéa/ﬁtéd cgé¢ihddca- coat ed
al um na,fa fal | o or a

conbi na d|:on 0 w%{%ﬁ (fgha %X@% ccg(g'lglacpt edp n{a&g%l%g(“?l ttrhgtqs % a&? r%ﬁé \%g?nhdr aw ng
ani on sour c@nmﬁﬁwmdortt@lmt@ma the foilyneprizaipix tepqtien. E%P@mler@@ fii petieh & i s

cal ci ned angyd ﬂeeo&a@m@cgr&qmm tithe 2o BREP AL, EIBEhERANWLL RALIAWM RBBR ON sour ce
conmpound to form a second mxture the second m xture is then calcined to

form a treaPeHOsar FanPEIdaibe OlFpiGHeRmEr }B‘F Brs supnqE- ang! he pregiaieREEnd
el ectron-w dohﬁﬁLachﬂgbeafﬁﬁnOEboﬁ‘OUfnﬁlﬁteGOBl’plmullﬁdﬁou&[ aoiabdien nilie: ®ab®t Or

]9: ]:J];I‘er gge}t an d) 8]iu {odséboutgﬁrr%?uﬁeag(gaal?tﬁu %O 1nu O{l‘hedpogtgo% n(E m1x9u?en(l)p onall)( 1es g,



According to one aspect of the present invention, an activator-support
conprising at |least one silica-coated alumna treated with at |east two

el ect r on-wot2bdreem7mg ani ons i s contenplated. In this aspettus2alp4ar9 | east
one silica-coated alum na has a weight ratio of alumna to silicain a
range fromabout 1:1 to about 100:1, J7ter natively, fromabout 1.5:1 to 15
about 100:1; alternatively, fromabout’2:1 to about 20:1; or alternatively,
fromabout 2:1 to about 12:1. Also, in this aspect, the at least two

el ectron-w ani on n _conprise at.e, fluoride
and_surt ar €O BT T S0 B AERERY efirodrt d&reats BT PRYGTRY P 2 e and
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alter natlve y, can conprise oride an osphat e; al ter natively, can
conpri se chlsmige aé?fﬂ%Eﬂufsa‘?fémmaalbt“éPﬁét“if\‘féarwut lda#- conmprise triflate and

sul f at e;5 orsiaidaecoatiy LYMICARACTONProS SUtHORTsat e and phosphat e.
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5 ani omy Folil.Q\BY, ARYrsANtACE I RGy SBL Qf?éilnau%‘;ﬁ HGARDREE 6T (Mpstiuhg, @f oxi de,
el ectron-wi thdrawing anion, and the nmetal ion is typically calcined.
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chem cal | y-th¢ aahledt0$dica deigitirdie mamh@ermaed F@nige @oht act rage dduwcbowp:1at | east
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ani on sour ces. I'S not require i ca- coat ed um na solid
oxi de be cafilip ﬁ\@tghfpﬁail%m tb%Slb@ﬁ?ﬁ@dt Hyging pre belfoet Foow-2n t wdabawidflg frami on

source. Thenefiane, o hde: S0 bi hnPathle 3ca0 akft @ﬁhrpdtme@kp@u&s,dls@ioge%a%l vely, the
solid oxide can b%f Lfncal ci ned1 Th(WFI tact TI;;hoduct icall gau % cal ci ned 15
ei ther during or &fT¥rn HECR G YR GEmines Rioht HECEdM R R seppielly hav

el ect r on- wi sulfalr awhdgnginy fom sbourioe o MautilousmPy. daeesespdcs, e epfatearaol i d oxi de

Fepor ety FARELS bR EARoR T FITRARY 29 T PRt B B0 BREBRRE
6, 107, 2 36, @0 I;ég %g sur@geZagap, (zfghi;,sﬂlca -coated alumina can range from about 250 to about

500 mz/g in another aspect of this invention. High alumina content silica-coated aluminas
having surface areas of about 300 m%/g, about 350 m*/g, about 400 m*/g, or about 450 m%/g,

can be employed in aspects of this invention.



6, 300, 271, 6, 316, 553, 6, 355, 594, 6, 376, 415, 6, 388,017, 6, 391, 816,

6, 395, 666, 6,524,987, 6,548,441, 6,548, 442, 6,576,583, 6,613,712,

6, 632, 894y0 280636617, 274, and 6, 750, 302, the di scl osur esPofi/ushi1ol4Ere

i ncorporated herein by reference in their entirety. According to one
aspect of the present invention, the lid oxide is chemcally-treated by
contacting it with at | east one electron-w thdraw ng conponent, typically
an electron-wt hdravvi ng ani on source. Further, the solid oxide optionally

t ted th
ot al - cont ai ni nd 6P Rab A PkF gRaT B g & 1T beaTEa ER U & de.
Accordi ng twol/anOfitrethe agpedtimof steher frmedent.7y mv@norlgmater thireabgwllind/pxi de and

g! reni][ { gge‘(’)“uﬂl RASEMLDG, A R SR GE & 1ER MACLLALAN G FRbRIIBL pect, the
pore Volume falls within a range from about 0.5 mL/g to about 1.8 mlL/g, such as, for

5  example, from about 0.8 mL/g to about 1.7 mL/g, or from about 1 mL/g to about 1.6 mL/g.

The silica-coated aluminas disclosed herein generally have average particle sizes
ranging from about 5 microns to about 150 microns. In some aspects of this invention, the
average particle size falls within a range from about 30 microns to about 100 microns. For
example, the average particle size of silica-coated aluminas can be in a range from about 40 to

10 about 80 microns.

Silica-coated aluminas of the present invention can be produced using various
methods, including those disclosed in U.S. Patent No. 5,401,820, which is incorporated herein
by reference in its entirety. In one aspect of this invention, a suitable method for producing a
silica-coated alumina can comprise the following steps:

15 1 providing at least one alumina source, the at least one alumina source
comprising an alumina, a hydrated alumina, aluminum hydroxide, boehmite, or a combination
thereof;

(i) contacting the at least one alumina source with a solution or suspension
comprising at least one solvent and at least one silicon-containing compound capable of

20  producing silica upon calcination;

(ii1) depositing a coating of the at least one silicon-containing compound on at
least a portion of the at least one alumina source; and

(iv)  removing the solvent.

Alumina sources for silica-coated aluminas can include, but are not limited to, an

25 alumina, a hydrated alumina, aluminum hydroxide, boehmite, or a combination thereof.

In one step of the process to produce a silica-coated alumina, the alumina source (or
sources) is/are contacted with a solution or suspension comprising at least one solvent and at
least one silicon-containing compound capable of producing silica upon calcination. The
alumina source may be wet or dry prior to this contacting step. Although not limited to any

30  particular solvent(s), suitable solvents for the solution or suspension (e.g., dispersion,
emulsion, and so forth) can include, for example, water, and organic solvents such as hexane,
heptane, benzene, toluene, xylene, and other hydrocarbons, acetone, alcohols, and the like, or
combinations thereof.

One or more silicon-containing compounds can be used to produce a coating of silica,

35  for example, a partial coating on the alumina, a full coating on the alumina, etc. The silicon-



The met hod by which the oxide is contacted with the el ectron-w thdraw ng
conponent, typically a salt or an acid of an el ectron-w thdraw ng ani on,
can incl ue,20twun3747¢ 30 not limted to, gelling, co-gell ipag/Uuszompnegnati on of
one conpound onto another, and the like. Thus, follow ng any contacting

met hod, the contacted m xture of the ?gl id oxide, electron-w thdraw ng

ani on, and optional netal ion, can be,”and often is, calcined. The
solid oxide activator-support (i.e., chemcally-treated solid oxide),
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3) contacting d'cined Tirst mxture Wih a Secon nvmthdravmng
10ani on soueeee. cowpeulhel this Pfopasins & cariae plhilivh R the elumzpad.c., a partial cadting.g| ¢j ni ng
the secand draxti&e tRtide0r mthe solid oxide activator-support.

Cenerally, the at |east one el ectron-w thdraw n{g0 ani on souyrce corrpound i's

contacted with thEouf by wikithah s stirerpisg alugipdscoacdgerengrq tHfient i8ehni t e)
after the adonlee@shl mme a]ainulmmai &ald$ e, haisedhagips) Cortt ﬁaérad 0Wnbﬂf)h<ﬂdigy| east one

silicon-containin capapl e of dug upo
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the at | east one alum na source i s contacted with at | east one

si | i con- conteaPKichg® bHpBlH &2 EXpaica2lymingy He éj&qvﬁgm?é?qai%épl%b ROE8 & nat i on.
20Accor di ngamrmnay@tsﬂam otlamrat@s@est tafh 1ihadpkesent a apyeefint st d.0%l to

chemi cal | y_gb uq%t2§q as 1f1usgated in Example 1 that follows. Such silica-alumina materials are not

the inventive silica-coated aluminas of this invention. It is believed that silica-alumina mixed

20  oxides can be prepared by co-gelling or co-precipitating methods, which may result in a

mixed matrix of silica and alumina (e.g., a mixed oxide), or by impregnating a silica matrix

with aluminum ions or alumina. The resultant morphology is different from an alumina
matrix with a full or partial coating of silica.

The electron-withdrawing component used to treat the silica-coated alumina solid

25  oxide can be any component that increases the Lewis or Brensted acidity of the solid oxide

upon treatment (as compared to the solid oxide that is not treated with at least one electron-

withdrawing anion). According to one aspect of the present invention, the electron-

withdrawing component is an electron-withdrawing anion derived from a salt, an acid, or

other compound, such as a volatile organic compound, that serves as a source or precursor for

30  that anion. Examples of suitable electron-withdrawing anions include, but are not limited to,

sulfate, bisulfate, fluoride, chloride, bromide, iodide, fluorosulfate, fluoroborate, phosphate,

fluorophosphate, trifluoroacetate, triflate, fluorozirconate, fluorotitanate, and the like,

including mixtures and combinations therecof. In addition, other ionic or non-ionic

compounds that serve as sources for these electron-withdrawing anions also can be employed

35  inthe present invention. It is contemplated that the electron-withdrawing anion can be, or can



oxide is produced or formed by contacting the solid oxide with the

el ectron-wi t hdrawi ng ani on source conpound, where the solid oxide conpound
i s cal ci @0 2befsre) during, or after contacting the el eeCrars2evodraw ng
ani on source, and where there is a substantial absence of al um noxanes,

or ganoboron or organoborate conpounds, and ionizing ionic conpounds. 25
Cal ci ning of solid oxides and chenica??y-treated solid oxides generally is
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silica-coated alumna in the formof a particulate solid. The chl ori ded



25 solid oxide is formed by contacting silica-coated alumna with a
chloriding agent. The chloride ion can be added to the oxide by formng a
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Si Me2C12, TiCl4, BC13, and the like, including m xtures thereof. Volatile
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and | ow surfice Rp SHALAY S AT AL LERAD aBEC e nRly obpacfhat!!! Y

i nventi on, 4keniwksanhthedike sfejlcpebléatroewhprﬁefs elty beherd i@ategiatiende pdidf r om about

0.5 to a_b0L6x1d19QchQ@ﬁéta3 cBYbWRED Nine ShbkHo@ b wihiRR tHe @xRAP AWontd AR vmaqrat Sethly Wei ght
solid oxide. Accord t.o anot her asgect of this | nv%nt.l on pegdam)unt of

sul fate i onPreddi# %gfse}r & CHFEONPAYS P eab G Pl BT parts by
wei ght sul fatlieg.icomelting, alyoeghatbOOf orb cpraposd dyo amerhgrhztndsml likd Gk, ttend
accordi t c t hi to about
30 par t by et AL RAEREE kR o N O B SR Mbch (% G
These wei ghforny, a@d @bsealreeﬂ}b@s‘@ﬁe(bmt%thﬁesumﬁgfhmet@ifup@ﬂmlcmgr dw@»@l@éy ef or e

cal ci ni ng. &NERoHARMLRANIL SRmWhIlyDr@dd fiRkRoard GRS LRkQer Sbhir&es SQAL €d
al um na can be dried by any suitable nmethod including, but not limted to,

suction fil¥rAFH oD FEIPEWEH My AP EB0 MK oMEn P HB T B \eallRin ™s pr ay
10dryi ng, antbstehendiybd@umaiddnnuigh, drtcomSinaibotoofpassinghle F@ ekanpld, aheist he

cal cining step i nmedi ately. General ly, the silica-coated al um na
activator-supports of the present invention are calcined. The silica-coated
al um na can be calcined prior to chemcal treatnent, but this is not a
requirenent. Either during or after chem cal treatnment, the silica-coated
al um na activator-support can be cal cined. Activator-supports conprising at
| east one silica-coated 15 alumna treated with at |east one

el ectron-w t hdrawi ng anion, after calcining, generally have surface areas
rangi ng from about 100 to about 1000 n2/g. In sone aspects, the surface
area falls wthin a range from about 150 to about 750 nR/g, for exanple,
fronrabout 200 to about 600 nQ/g The surface area of the actrvator support

1 . NN 2 o NN o,



this invention. After calcining, the pore volune of the
activator-support is generally greater than about 0.5 nL/g. Oten, the pore
vol ume i swgnresntmro7ahan about 0.75 nl/g, or greater thanprabaseolo/ondzg. |In
anot her aspect, the pore volunme is greater than about 1.2 ni/g. In yet

anot her 25aspect, the pore volune fal %Z within a range fromabout 0.8 ni/g
to about 1.8 nlL/g, such as, for exanp fromabout 1 nL/g to about 1.6
nm./g. The cal ci ned acti vat or-supports di scl osed herein generally have
average part cle sizes ra 0 mcrons.

' some hoptlet bS4F FRReRIREY ot TR B e iR eI IS W thin a
range fromalbwewest.30 m crons to about 100 m crons. For 30exanple, the

average particleys §51?d gfiad h& b%cty'éa%@t\xgﬁl RURRAL §r Gan- Jaﬁalhlﬂg Qohahee from

about 40 to about m crons. Accordi ng to another aspect of the
present i nVBHTS 8Er B Ahomagme thet the yolifh 8¥idq s feanstvaih tharrdeben-wehdaMingcene

conpounds Calnbe FRIRGRNEAC t@thcidgt Medi, Qh@fcbrﬁacféﬁn@mlfe( $) oRidel @dtron- _
or ganoal um nym compoun irst periaod time prior to ntacti ng

Chis m xt urBTErReEER %ﬁtﬂmﬁ%rwl’sﬁﬁﬂ%ﬁﬂ N R R e
si | i ca- coatederal,uhd plajon-@b@atihe apoesanteastdethe 2etalisiit wr encaf-cdnhnidgr ansi ti on

met al and/ Oc,romg&tnﬁlmje%‘?il?e{l%%%ﬁﬁﬂ%mﬁ NN &, monorer, and or ganoal um num
o e

conmpound i s acted activator-support (one or nore than one),
t he conposi ti on MaupuspErcessesept Psispdtotfien demicelat epptes padid oridesi usefilap thed t he

" post cord ack&eht ifVexloH! Ghe dHeBich! gﬁ&éﬁ@@%@lﬁto@fée RAdothhBscGadnRE pldlh@Wes to remain
in further contact for a second 5period of tine prior to being charged into

the react or ¥*hOMhTEAeaE PEITEN 23KF SHP pf’rn‘c‘)Bé%rwlicFO%‘élt@Wﬂge@m&ut
Accordi ng tsamyet Ian;odoh&rqulmpmttheoﬁhchh@tqaraa&eﬁht sollith beind b@ﬁb,lcu&ﬂ@rl@lf tonor e of

transition crg%tt 1n g‘L {earon—wnth%‘ w191g gnr%(()an S%L?rgp gr%?or e Sth% ogldeec% C ca cm% WI th an
ol efi n nonorer . an Oor =suppo chem fal

si |l i ca-coat (édalfalln@tmlmd)le ifObd 0>adef Gap 8¢ ul‘péfﬂn@d Téw antanfﬂorodm tmqa]disr i3 P@Cltfﬁdnt acting

this m xg urgnWdtudhea « @ 4GRRORY HI RUBHELQIRGURL ol RGEwilliRwRE eRiONAkEed m xture
of the transition netal and/or netall ocene conpound, ol efin nononmer, and

acti vat or - sU{BY PO{esiie oPremigt ©Iit RaHC riyiorwrrogh st faédbwr%wye%él this
or ganoal um inumiGaRROLBcpdite. EQRROSI hieh nfethbdsher de@@lﬁmmsj ) @atbil @os.

or ganoal um punyi s Lecteg 3o postogm Acted: i xue, The post contact ed

m xture can ' owed”t & re’mal’n A fur ton act '0r” a’sécond ’peri od of
15ti me pri of3%X 81HeI,398.66MtBH0Te @.5HHtD, 61343, fﬂ@l YAELI82.a6.6 BV 12.e@612¢94, OPTI ONAL

ACTI VATSR- %ﬁ%%nd 6,750,302 N8e BEERERL of MG RRERAQMRASS 65 reY @k OMS cat al yst
conposi tions whi ch can i nclude an acti vator- support. For ‘exanple, a

cat al yst coh{po®i¥Pon is provi ded which conprises at |east one netal | ocene
or transition nme{adrdisORRAREcAFTEhcdkeséEASINtiO) thedQIdioXiat Richi@PRtatedThe at

by contacting it with at least one electron-withdrawing component, typically an electron-
withdrawing anion source. Further, the solid oxide optionally is treated with a metal ion, and
25  then calcined to form a metal-containing or metal-impregnated chemically-treated solid oxide.
According to another aspect of the present invention, the solid oxide and electron-
withdrawing anion source are contacted and calcined simultaneously.
The method by which the oxide is contacted with the electron-withdrawing
component, typically a salt or an acid of an electron-withdrawing anion, can include, but is
30  not limited to, gelling, co-gelling, impregnation of one compound onto another, and the like.
Thus, following any contacting method, the contacted mixture of the solid oxide, electron-
withdrawing anion, and optional metal ion, can be, and often is, calcined.
The solid oxide activator-support (i.e., chemically-treated solid oxide), whether the
mventive activator-supports of this invention or optional, additional activator-supports (to be

35  discussed below), thus can be produced by a process comprising:



20 | east one activator-support conprises at | east one silica-coated

al um na, having a weight ratio of alumna to silica ranging fromabout 1:1
t o about WOQoli/03ndTiich is treated with at | east one el ecPcomnsesmwiar7an ng

ani on. Such catal yst conpositions can further conprise an additional,
optional activator-support, such as a ghem cally-treated solid oxide, that
is different fromthe chem call y-treat2 25 silica-coated alum na of the
present invention. Alternativel y, the catal yst conposition can further
conprise an actiyvator-su por t sel ecte ma cla illared
cay an oxt ol 1 di ad ey S rar FUREH Ry ar e e h a0 de
matri x, a I@wersmicesbm@adte fcmnne”makmxnae roh- | ayered si I i cate m neral, a
Iayered al um nosjlic ate mneral and
the like, or an3?5corrt@jaltlén?lg{t;gl%ﬁfﬁh%?grgqgﬁﬁ%%{e@gf@ llellgl y-treated sol i d
oxi des exhi bi t s ‘eAHEREEANBRT tiPtcy ofdle rREe AR v eior éhetsﬁ@%@ﬁla?é%’ﬁ%fn%wﬁ?ﬁ unt r eat ed
solid ox de(cleemmjaa@ted{mogia@marcleldrdau&eae@a@dcesmotngn% de also functions as
a catalyst activator as ¢ to the. correspondin treated. solid

ot e Ui 1 ot he chefBs Iy Crads oS SO B a e it BT skl | ocene

i n the absefwgee @inpood caboab yBisisnixtute; | S Not necessary to elimnate

co-catal ysts fr th Ny iation function of
the activator- s% por?al(ﬁlgﬁggt\ﬁ}?%%tn@Q%Q?%édugp%g}fgg?j§1§€I§]§{Wfy of catalyst 28
conposi tion as &) whoka@actg beppandimsomaxteatih yestecwd rlrssen vidWrapést ai ni ng

t he cor[@sp&n)qisagceté&gﬁg(ﬁm@qbr@qlsmn@ﬁqxqj@e addowever, it is believed that the
chem cally-treated solid oxide can function as an activator, even in the

absence of orgarfoal ufit'fiRiRg BoOTEBEFEEUTe 2 IO hoiehheede Ahg RSB bn conpounds,

i oni zi ng ioni c cerpaynds at l@schnt Bectlohd Kﬁhdrﬁ@ﬁl@ﬂfﬂl@abﬂrye-dom@(aﬁled cdhdted OXi des
glagc,??gﬁr :le tlf'lha&le atqeaa%ttone Qllelmlsng\ﬁu(lj(fec%XI d?lurgurne mlt\g fE':r ¢ atbleas (ale aﬂmltn}gll

fol | owi ng sﬂoellcerhemfoeenl tonfagiedy exlith eaf elehst lagt Slﬂlﬁeafpmmvg cbmpdyad steﬁab]d oxide with

an_el ec{y ons:iytih £1ﬁ‘éé"uE&1 GRIRAAGNL., AUIIBRES). HowbRNANEAS bohemAGEHinky of the
oxi de. Thus, either the activator-support exhibits Lew s or Bronsted

aci dity thabe FleCtoYpithdipyipe gpiemeFce (REPOINh N Biwatagied mith Al @deasicpy 10
strengt h ofaliche ddﬂhd?l&b&tr@doﬁﬂiehﬂtn@)ﬂﬁﬁme s@fie tinftens aﬂIeIaVIazISO(Brre_Slumﬂﬁl’sdurd'éaS a
greater number ta%‘g[ed iﬁat leas% ope s1t11c0 ncott%%mu n(gnlr; eo%rtlcf 2 a%?e o%X Iirfi s&lcor 01131Ot h. One
net hod to gUant &' IS A OO REME FUPRCEE) TP L RIS Bt F W& unt r eat ed
solid oxi deca]rmamnl als is by corrparl ng the polynerization activities of the
treatedy@nd the 4nfkig %?‘{o a%héi%%e%@'% pRECinG@li G 12 8 ERCERE Solid

Chem cal ly-treated so oxides of this invention are forned generally from

an 15 i nor¥&lilt PoetEd oblererd &tha)ﬁﬁaes@ﬁuﬂm 1odd pady withdiedietrarVigengeed aci dic
behavi or angidiasur@ dospahi,walky th sgid @@de%inpaﬁnd Ehecisal betbrQWirde, drSfter

chem cal |l y- treat ectron-w t hdr conp ent ly an
oot Fon v R e et SRSk B it SV p S OTR SR fh & BLEG LY 21
vol ume and awmifeees a:r@aoborfon 81 drgapeboctabadouatiymdiaiaverienidiospusged i n t he
precedi secti Qn; m§1§'o£rgoh‘a>8k§§s 1%‘}111&% a?eﬁ%ﬁ% &{hesa%%ﬁﬂy%‘ nducted

chem cally-treat ed oxXI genera ave a pore "volune greater

t han about 021 2mRiyngAMAPES?. difPFFglbt]@adW@m’?@Flt aaecrseltere g lqipesraFeeE@htbottnvent i on,

the solid oxpdeNBsutBoPR, SndH UNR (9Fi &R Sout NAMuRRABEY G0 Botid/d@icinfigCor ding to
yet anot her aspect of the present invention, the solid oxide has a pore

vol ume gr eat®@Pe ayFled b temperptie gom) o At Heto aé%é?ﬁ °C. phdtemaively. $xi de used

to prepare ttntagerﬁgsi rbih QB 4GNRMoGBk Yod *@aéﬁanlngén%e kddu @i Heap@ssoa surface
area ran rom about 100 to about 1000 ﬂg for exanple, in a range
t

froma t rzwe% & RPYRY BOY: pipfog 2bauh L depn o aberdtlAdouss pTéIE% fosf expiRRle:pr esent

i nvention, &heirsehd it @xedeut kasbdat Slorbac e Riueat i Rmperitad gemfab@Balbgut 250 to
about 600 rrtg/ag(')ut 550 °C. Any suitable ambient atmosphere can be employed during calcining.
Generally, calcining is conducted in an oxidizing atmosphere, such as air or oxygen.
Alternatively, an inert atmosphere, such as nitrogen or argon, or a reducing atmosphere, such

35  ashydrogen or carbon monoxide, can be used.



In still another aspect, the optional chem cally-treated solid oxide can
conprise a solid inorgani c oxide conprising oxygen and at | east one el enent
sel ect ed woem@serp 2, 3, 4, 305, 6, 7, 8, 9, 10, 11, pC2/US2®P/049y79 or 15
of the periodic table, or conprising oxygen and at | east one el enent
selected fromthe | anthani de or acti \r;\%je el enents. (See: Hawl ey's Condensed
Chem cal Dictionary, 11th Ed., John ey & Sons; 1995; Cotton, F. A,

W kinson, G, Miril I o C A., and Bochmann, M, Advanced | norganic

Chem stry, 6th Ed. er sci ence For .exanpl t he i.norganic
or e o oy LR GERERES! e TG ST AL B
Be, Bi, Cd,ox@,caCbg tr@ted vt a farce lod halih 10nl\/5),glfalN|1()n 8ba c8nhina8py ofSnjonTh, Ti, V,
W P Y Z eated with a b, Vi al's or
conmpounds ?Wg{mg%%e teg utge % i oir rgnﬂ%ﬁ ﬁ(t) ?%ng%h& (ﬁjﬂem c%gﬁrt%&?r@(ggt ed solid
oxi de i ncl udle ihihe foam ef ﬁ@'ctquiafﬁ splicyl %examplzﬂée soBg ogde pEgial cag byireayd,  CdO,
C3804, G 208ih £dKhcehE20Rie (@ROBa hﬁithQ% agM%r30§ soul\@QS cthl(Q i0lP2Bed 20205,

5i 02, 5n02,_ Sr0, ThO02, Ti 02, & § 921 rg2, and bt he |ike,

i ncl udi ng meRQEinBALEE S 4 1081°R 8F TuoRfion SHBrEh At %’H@ln% ?fé?te)of’r FOMR %l e, the
solid oxi dethetrhﬁ,tand:aaﬂnubetmmﬂetﬂa spiidepale ectiviner. addi ti onal chem cal | y-treated
solid oxide can ¢ ]?}?re%{eh S§1R ox%' W Dduprisd 4 h&o%déd éﬁﬁ‘é'a'léatedazh&@w!"ﬁ{m

phosphat e, hetero %@rate tania, zirco oria, zinc
10 oxi de, nﬁl&éfdmo@éadwlqu whe chp fb}ﬁrydeédﬁim mtewhlrrtlrt@e@aédﬁre fagneAded above,

if the gplidn@%inde siisa- @at%dl hilGRa Ak B@idink Rkt MBeaTub@le ibrScaflibl hRELRE from the
silica-coated alum nas of the present invention, which have both high

al um na contfeftidahgosTing &éluﬂ%é’f 44 BKe dha APENE SV srhEyeR 28 aeiek ¥ wHEwn

si | i ca- al unhsialing e dotdxiide s, hﬁ\onentg tate akuoﬁhlla@lqotswe@udeloeaquDlgthtty frat i 0 of
l'a.gtsisv;?gp i-l(.)l‘% Sl(,l:l‘ CC 1t.)e]:l_.8101’1 endxam ISS (%sn}]a%fgfégrgdlr%hat%gns 1{1’10119&6 ELR aTe l’lol.a thtetdo Sl | | ca | n
t hese sili cla/d@ﬂmcnfezldn(&@d ammpld@s fluorigef (TelhF), nananqnamgélﬂmmmm @bhl).0. 05:1 to

about 0} 25! JhmAfmd q&}aﬁﬁ&@@ra&@ (RNASH), earﬁ-monm\’\es\ﬁ%ﬁﬂuotﬂhﬁS(fﬁeéﬂt!ldr(%ﬁlcﬁfgum na
materi al s can ogtlona be used in combination with dition to)

(I
the high al (Wi 1Feoﬁ%“é‘ﬂltmf§|hle’faéla°re®ﬁ%l’éﬁe AT pahexefosipe 25 dhetFe of t he
present i nvefidn@m h&ailiothtiexicdes QNHI;)&”IhE%) i yvEnbloARonivatie HeaR) bairysed t o
D € e RS opuit SRS AP AR o
si | i ca-al undande @mptbyed nifion atanples aamdmmnmlﬂuoeée {¥i&HEOF cafextanpbdess dfe mi xed

oxi des jfat p,GaRy déjfgeﬁ{scﬁlgtollﬁ A:06r ROgidtiQngliyact i vat or - support of the present
invention inclu but are not limted to, silica-alumna, silica-titania,

si li ca-zi r coni a,lf % hewlid g5t gnde pagy wibrdharidng gy shing thg wisaing,
al um na- zi rgpnisay ﬂzc;riaﬁqgalgdﬂmafmea)ft@ﬂﬂgmﬁ@n{abtk@ the2i%4ttdaB kBmina during

el ectron-w hd aw n onen [ ani sed. previ ousl| These can
NIRRT s e
brom de, i odévdeslyf volrateosganfcafieriding agneler &t esedpephieat &, voldtiitorgplrosphat e,
riF1 uospachhalify shhd AL Gl LUGK 6ZHE FORTLEnald-URR BLLLANAE o ARfLLNE |1 ke

i ncluding m xtures an |na I ons t ereof T or exanpl é t hie opt i onal
act i vat or - sesgpeionexgre, gperflugiobaivenal Ifyorpinghaed ulyprogthangl o) the3(11k%dendt| onal | y
used in theaBhalosheCGMRaRIntnl s eRfurds @@qeﬁ[l?%ﬁﬁtbe h@y@ﬁﬁugm &&hpbR, or can

conprise, fluorided alumna, chl oLl ded na, bro sul fated
al UM na, £ | UFTHAEN Y FA SR st AN A RS ded

si | i ca- al undlsacan sigl fisad &dthSthd Isﬂlaa——@)htﬂdlnahha],maf 1|f Lfﬁlbﬂl(t&édvlﬁlleldalbﬁﬂngl r giievna,
chlorid Sil| I & i u

silica- ?r ct(e)tﬁalﬂg&df% l(éd%‘é’?@ggm&uﬁﬁ@ccg%g llm?lgr? :trgfﬁmlzolm%gtg rﬁ}a alE gl %E gngpl%l nati ons
t hereof  3(00ne conveniaptgucthod of dpmsastizeseltbagbrdadeslungps Wtﬂh&lb ﬂ@h@mg@aﬁﬂty& or eat ed
solid oxi degp&BRa bilHiRE hoePRRIal B €stRarBle@lo MfdiAREAlich-Odied Shfmtha @Skl NC,

ni ckel , vanadium titanium silver, copper, gallium tin, tungsten,

mol ybdenumca]fin?%nl um and the |i ke or combi nations t her eof . Exanpl es of
addi ti onal chenisaailakly,- inr @athedaspol bdth@dxind@god higt chemnblgitreaad REidadxider net al

on an 35  comprises a chlorided silica-coated alumina in the form of a particulate solid. The chlorided



5 include, but are not limted to, zinc-inpregnated chlorided alum na,
titani uminpregnated fluorided alum na, zinc-inpregnated fluorided al um na,
zi nc- i npregratigd7oml ori ded silica-al um na, zinc-inpregnateastéwond7ded
silica-alum na, zinc-inpregnated sulfated alum na, chlorided zinc

alum nate, fluorided zinc alum nate, ggl fated zinc alum nate, and the |ike,
or any conbi nati on thereof 10Met hods r the preparation of, and

cal cination conditions for, the additional, or optional activator supports

can be the s bove in, the d scu i ca-coat ed
P e ne LB bR B s SR Eiet At it F FRRL, Sl e

si | i ca- coat @bbridd wmcanas awier ¢ e sodisyddmiing & dheryprf éme@lldﬂg assetdbieoplyerand t he
ranges pr OVhfé%ﬁw; tb%@ 'ammqm 6o %&h%mhed Jh%dﬁlg qgeqpa%nqg @Je,ca@f;iggts{epnal
activator-support Accordi ng to anot her aspect pres i nvention,
t he cat al ysftmyCCé}%@@g %&e@ﬁar@hlﬁ of Fving e 2 wutep Pl dierident Siroagtdhemgeingthe

activat of - S¢xRRQlding tmerbgbllﬁﬁlg Qgp Rl be lﬁb@a SLIld’lm sleg diMe,81,] TiCAIER 12504 the like,

al um nosilicat eral ither with | ayere | ayer ed
ot r it ar s, S STBrAALT S VUHAT Pt PO MG 28 SR Aot e S Thvent | on.
i on- exchang@adblleeyoldu&yegmb @llaicting agéntsi ivatdes big uchna@adinpied t@rcechic freys, ar e used
as opt i onal, AghiNat ol SYRRAIESne, T 20 aREGHANIEARLE agLhN AL O - suppor !

optional ly can oné ectron raw ng ‘ani on such

as those disellosdintierdithe likcheughi coppingtiah [thereph e Ghsgeis éxdpzen galatifeeor

activat ay - SHRBAS fiselr 8lsQh bd ﬁs@@&vﬁlﬂthé’\’s&lh! 03k EHEELal RrgMOnh &fn@éﬂleﬂgmaﬁlido n.
According t o anot her aspect of present invention, the cataly

conposi ti on° FW*’(Cﬂlégr511E96F@ffeid§]é‘§lllElwé§7 tl?ﬁCH]@P%Wgsagﬁlﬁ\ﬁ tﬂ@i”@%?f‘i‘efﬁ@@%ﬁﬁ% ‘ége]&tat i ons and
| ayers capaibbe gafstrexpandio figidize &b sl pkidaduriag ayeimiister al acti vat or - supports
Iszglhugg’ plb:JIt a?‘re (E:] lcé}ar}o%nt 0 ?(ﬁrldte C())ﬁ tllﬂrldeel)(gl’(l: I‘#{aéseg{a gel%ore calcg‘%g q}%ds(ﬁlla(‘:lzl %(Egteraos:]l)![ cates
meant to beahemnas@h@u@ddea@nqﬁlym@m atwoinipo Aoyt SQ% b>t Weg}é aztl‘aiey’s:nghmympmm tion,

but rather i fastPonlfe GORSHARS S61 AlieBEhole(BlcRAL L AQbrdlnB% aqlaﬁl@flayp%& of@nposi tion,
because of jits intimate association with the transition metal or

net al | oceneMEdiTo e ATOUNS BfAROB AU TG Ioties 19T Bietral bedap eaqining the ppiid Oxids isnt

i nvention, fdieaebtayo a@hezsp/aﬂys;v@g‘ht Tﬁhm&bdulﬂY&fbﬂ)bLQmS%ﬁﬁ(ﬁﬂfﬁaB@t patemboal s either
:I\Ig ¢ : Ihﬁ:;]f Pgl}%"l/;lg?lc\ﬁe:%t]h?t gccggdln% t(?fjl i[let Qna ﬁler as;i.ecp oft tﬁli;e%glenq?rh the an\(/)unt OP # Sorlldep ns by

acti vat or - sihppde on mksmme®rq cnhcelmglthmombmﬂem@(sn doatyssto talhat 1(19(akr>ewetmEn ion
exchanggg whip ni@{_%ﬁe&%ﬂ ﬁ%ﬂée ok AR WALRD PRLNHGIEBE be &e@B) YnyGhRibRed net al
conpl ex cations wever clay material 35activator- sé@oorts of this

i nvention aPelpdariiipgduisna ﬂl@y%d tprattion Aatidelpvicd Ry eReHaRGeHY v tHer 31 sinpl e

salts, incl \léa,luﬁg spr ﬂag)tand {heikg ditoGgh 6 &lalss pOdsibR 1§ krkitla)e, thd@{diding stdpe(111) ,

and Zn(II) Wi such as tate sulfate, nitrate, or
nitrite. 1mmed1ﬂ81«¥gvaig?“i8yin%t HBQTF%?’tngé’B% ‘of the present invention, the
addi tional acti vatutfitestoporide @opines sdfEte ando dolidpadk whagnentTdueh 4sesilima-" pi | | ar ed
W ih 1arge, TEybRubfrch APCELSY FRUELE T “%IOW e T one.
Exanpl es of tregige furiheingith i @tetd éon Jyelt thair e ﬁ@@lnqdus ldoxids, coprgt A theghs whi ch
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mixture o transition rrlleta a%%)oro rr]r:letallocer:i))eG compound, olefin monomer, and
organoaluminum compound is contacted with the activator-support (one or more than one),
the composition further comprising the activator-support is termed the “postcontacted”
mixture. The postcontacted mixture can be allowed to remain in further contact for a second
period of time prior to being charged into the reactor in which the polymerization process will
be carried out.

According to yet another aspect of the present invention, one or more of transition
metal and/or metallocene compounds can be precontacted with an olefin monomer and an
activator-support (e.g., a chemically-treated silica-coated alumina) for a first period of time
prior to contacting this mixture with an organoaluminum compound. Once the precontacted
mixture of the transition metal and/or metallocene compound, olefin monomer, and activator-
support (one or more than one) is contacted with the organoaluminum compound, the
composition further comprising the organoaluminum is termed a “postcontacted” mixture.
The postcontacted mixture can be allowed to remain in further contact for a second period of
time prior to being introduced into the polymerization reactor.

OPTIONAL ACTIVATOR-SUPPORTS

The present invention encompasses various catalyst compositions which can include
an activator-support. For example, a catalyst composition is provided which comprises at
least one metallocene or transition metal compound and at least one activator-support. The at
least one activator-support comprises at least one silica-coated alumina, having a weight ratio
of alumina to silica ranging from about 1:1 to about 100:1, which is treated with at least one
electron-withdrawing anion.

Such catalyst compositions can further comprise an additional, optional activator-
support, such as a chemically-treated solid oxide, that is different from the chemically-treated,
silica-coated alumina of the present invention. Alternatively, the catalyst composition can
further comprise an activator-support selected from a clay mineral, a pillared clay, an
exfoliated clay, an exfoliated clay gelled into another oxide matrix, a layered silicate mineral,
a mnon-layered silicate mineral, a layered aluminosilicate mineral, a non-layered
aluminosilicate mineral, and the like, or any combination thereof.

Generally, chemically-treated solid oxides exhibits enhanced acidity as compared to
the corresponding untreated solid oxide compound. The chemically-treated solid oxide also
functions as a catalyst activator as compared to the corresponding untreated solid oxide.
While the chemically-treated solid oxide activates the metallocene in the absence of co-
catalysts, it is not necessary to eliminate co-catalysts from the catalyst composition. The

activation function of the activator-support is evident in the enhanced activity of catalyst

Me for
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function as an activator, even in the absence of organoaluminum compounds, aluminoxanes,
organoboron compounds, ionizing ionic compounds, and the like.

Chemically-treated solid oxides can comprise at least one solid oxide treated with at
least one electron-withdrawing anion. While not intending to be bound by the following
statement, it is believed that treatment of the solid oxide with an electron-withdrawing
component augments or enhances the acidity of the oxide. Thus, either the activator-support
exhibits Lewis or Brensted acidity that is typically greater than the Lewis or Brensted acid
strength of the untreated solid oxide, or the activator-support has a greater number of acid
sites than the untreated solid oxide, or both. One method to quantify the acidity of the
chemically-treated and the untreated solid oxide materials is by comparing the polymerization
activities of the treated and the untreated oxides under acid catalyzed reactions.

Chemically-treated solid oxides of this invention are formed generally from an
morganic solid oxide that exhibits Lewis acidic or Brensted acidic behavior and has a
relatively high porosity. The solid oxide is chemically-treated with an electron-withdrawing
component, typically an electron-withdrawing anion, to form an activator-support.

The pore volume and surface area of silica-coated alumina were discussed in the
preceding section. Solid oxides used to prepare an additional chemically-treated solid oxide
generally have a pore volume greater than about 0.1 mL/g. According to another aspect of the
present invention, the solid oxide has a pore volume greater than about 0.5 mL/g. According
to yet another aspect of the present invention, the solid oxide has a pore volume greater than
about 1 mL/g.

In another aspect, the solid oxide used to prepare the additional chemically-treated
solid oxide has a surface area ranging from about 100 to about 1000 m*/g, for example, in a
range from about 200 to about 800 m*/g. In still another aspect of the present invention, the
solid oxide has a surface area in a range from about 250 to about 600 m*/g.

In still another aspect, the optional chemically-treated solid oxide can comprise a
solid inorganic oxide comprising oxygen and at least one element selected from Group 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, or 15 of the periodic table, or comprising oxygen and at least
one element selected from the lanthanide or actinide elements. (See: Hawley's Condensed
Chemical Dictionary, 11™ Ed., John Wiley & Sons; 1995; Cotton, F.A., Wilkinson, G.,
Murillo, C. A., and Bochmann, M., Advanced Inorganic Chemistry, 6" Ed., Wiley-

Interscience, 1999.) For example, the inorganic oxide can comprise oxygen and at least one
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element selected from Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb, Si, Sn, Sr,
Th, Ti, V, W, P, Y, Zn and Zr.

Suitable examples of solid oxide materials or compounds that can be used to form the
additional chemically-treated solid oxide include, but are not limited to, Al,Os, B,0Os, BeO,
Bi1,0s, CdO, Co0304, Cr,05, CuO, Fe,05, Gay0s, La0s5, Mn,0s, MoO;, NiO, P,0s, Sb,0Os,
Si0,, Sn0», SrO, ThO,, TiO,;, V205, WOs, Y05, Zn0O, ZrO,, and the like, including mixed
oxides thereof, and combinations thereof. For example, the solid oxide that can be used to
prepare the additional chemically-treated solid oxide can comprise silica, alumina, silica-
alumina, aluminum phosphate, heteropolytungstate, titania, zirconia, magnesia, boria, zinc
oxide, mixed oxides thereof, or any combination thereof. As noted above, if the solid oxide is
a silica-alumina, this material is different from the silica-coated aluminas of the present
mvention, which have both high alumina content and silica coated on an alumina matrix.
These known silica-alumina mixed oxides having an alumina to silica weight ratio of less
than 1:1 can be used to form an additional, or optional, activator-support. For example, the
weight ratio of alumina to silica in these silica-alumina mixed oxides is often in a range from
about 0.05:1 to about 0.25:1, as reflected in Example 1.  However, these silica-alumina
materials can optionally be used in combination with (i.e., in addition to) the high alumina
content silica-coated alumina activator-supports of the present invention.

Solid oxides of this invention, which can be used to prepare additional chemically-
treated solid oxides, encompass oxide materials such as alumina, “mixed oxide” compounds
thereof such as silica-alumina, and combinations and mixtures thereof. Examples of mixed
oxides that can be used in the additional activator-support of the present invention include,
but are not limited to, silica-alumina, silica-titania, silica-zirconia, zeolites, various clay
minerals, alumina-titania, alumina-zirconia, zinc-aluminate, and the like.

Suitable electron-withdrawing components/anions were discussed previously. These
can include, but are not limited to, sulfate, bisulfate, fluoride, chloride, bromide, iodide,
fluorosulfate, fluoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate,
fluorozirconate, fluorotitanate, and the like, including mixtures and combinations thereof.
Thus, for example, the optional activator-support (e.g., chemically-treated solid oxide)
additionally used in the catalyst compositions of the present invention can be, or can
comprise, fluorided alumina, chlorided alumina, bromided alumina, sulfated alumina,
fluorided silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated silica-
alumina, fluorided silica-zirconia, chlorided silica-zirconia, bromided silica-zirconia, sulfated

silica-zirconia, fluorided silica-titania, and the like, or combinations thereof.

but are
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10 Methods for the preparation of, and calcination conditions for, the additional, or
optional, activator-supports can be the same as those provided above in the discussion of
silica-coated alumina activator-supports. The pore volume and surface area of silica-coated
aluminas were discussed in the preceding section, and the ranges provided therein can be
suitable for the optional, additional activator-supports.

15 According to another aspect of the present invention, the catalyst composition can
further comprise an ion-exchangeable activator-support, including but not limited to silicate
and aluminosilicate compounds or minerals, either with layered or non-layered structures, and
combinations thereof. In another aspect of this invention, ion-exchangeable, layered
aluminosilicates such as pillared clays are used as optional activator-supports. The ion-

20  exchangeable activator-support optionally can be treated with at least one electron-
withdrawing anion such as those disclosed herein, though typically the ion-exchangeable
activator-support is not treated with an electron-withdrawing anion.

According to another aspect of the present invention, the catalyst composition further
comprises clay minerals having exchangeable cations and layers capable of expanding.

25  Typical clay mineral activator-supports include, but are not limited to, ion-exchangeable,
layered aluminosilicates such as pillared clays. Although the term “support” is used, it is not
meant to be construed as an inert component of the catalyst composition, but rather is to be
considered an active part of the catalyst composition, because of its intimate association with
the transition metal or metallocene component.

30 According to another aspect of the present invention, the clay materials of this
mvention encompass materials either in their natural state or that have been treated with
various ions by wetting, ion exchange, or pillaring. Typically, the clay material activator-
support of this invention comprises clays that have been ion exchanged with large cations,
including polynuclear, highly charged metal complex cations. However, the clay material

35  activator-supports of this invention also encompass clays that have been ion exchanged with
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a simple exchange reaction in which the exchangeable cations of a clay material are replaced

with large, highly charged ions, such as Keggin ions. These polymeric cations are then

10  immobilized within the interlayers of the clay and when calcined are converted to metal oxide
“pillars,” effectively supporting the clay layers as column-like structures. Thus, once the clay
is dried and calcined to produce the supporting pillars between clay layers, the expanded
lattice structure is maintained and the porosity is enhanced. The resulting pores can vary in
shape and size as a function of the pillaring material and the parent clay material used.

15  Examples of pillaring and pillared clays are found in: T.J. Pinnavaia, Science 220 (4595),
365-371 (1983); J.M. Thomas, Intercalation Chemistry, (S. Whittington and A. Jacobson,
eds.) Ch. 3, pp. 55-99, Academic Press, Inc., (1972); U.S. Patent No. 4,452,910; U.S. Patent
No. 5,376,611; and U.S. Patent No. 4,060,480; the disclosures of which are incorporated
herein by reference in their entirety.

20 The pillaring process utilizes clay minerals having exchangeable cations and layers
capable of expanding. Any pillared clay that can enhance the polymerization of olefins in the
catalyst composition of the present invention can be used. Therefore, suitable clay minerals
for pillaring include, but are not limited to, allophanes; smectites, both dioctahedral (Al) and
tri-octahedral (Mg) and derivatives thereof such as montmorillonites (bentonites), nontronites,

25  Thectorites, or laponites; halloysites; vermiculites; micas; fluoromicas; chlorites; mixed-layer
clays; the fibrous clays including but not limited to sepiolites, attapulgites, and palygorskites;
a serpentine clay; illite; laponite; saponite; and any combination thereof. In one aspect, the
pillared clay activator-support comprises bentonite or montmorillonite. The principal
component of bentonite is montmorillonite.

30 The pillared clay can be pretreated if desired. For example, a pillared bentonite is
pretreated by drying at about 300 °C under an inert atmosphere, typically dry nitrogen, for
about 3 hours, before being added to the polymerization reactor. Although an exemplary
pretreatment is described herein, it should be understood that the preheating can be carried out
at many other temperatures and times, including any combination of temperature and time

35  steps, all of which are encompassed by this invention.
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sul fur group, a nitrogen group, a phosphorus group, an arsenic group, a

A L AT R e G e IR B e

or ganonet al ihyeotigreaups coobingd ¥8is othgtiicrgabiedupper imnviatialy eclutieg, dofnot hiaikidng from 1
to 20 carbop al@Es:infahall f&gs QJSpIEYeer&g%HlC oxides, and“thwﬁléo%‘% ef’ Ls &EOUP '5
used herein to spéci r8car on radi cal group wh I nc 8

not |im tedyeier! suppgt mafamaks}/%at P bEPIRYe but&rekr@hwlteddycsvltswSl%@ml}lmma

cyc: ogl ksad: alﬁmmhab u?hltlsy{mbma aqqagllldsyltbotna;tadriﬁeayﬂmo@r@hé{w r&}iﬁ'mmuﬁl”ﬁmfjﬂ/ﬁﬁﬁ:' i ke, and
i ncl udes a subs ut e stitute i near or

ot or oot om VB UBR i DB el DR Tl PHEr S SPan TRy PPty 20 gr oups
can i ncl udeTRANSITEMNEMADAL DRMMETR.LOCENREICMAQUNDRY | propyl n- butyI
tert-butyl, sec ut yle i I Lyl nyI

decyl , dodecyl aX\m haggﬁ& %§E€%¥iﬁ?%%§%(?nn% Fp?péﬁm%ﬁg

hexenyl , ph@ﬁﬂ?‘l’smobe’ﬁtil)ﬂne of @pvltransttwnynetal ISP Wlﬂty@l @g@w Yetallggne| ohexyl ,
and t held | K@mp&XadTBl 8sbRitiolahde % ¢ NElead ankilittOhitdl 8y m&hlodnk d@npoia@@m de, and
i odi de. 25Ckyge@/%8?ups are oxygen-cont ai ni ng groups, exanples of which

i ncl ude, buf*ER © 1S 0 mdighon P thy f&lf)?vm e VAR ﬁFtblLFﬁglp?un@]w(,)r -0C(0) RA,
-0C(0)H, - ObiRBZne CW or-coﬁMRAZmataﬁldbetdﬁﬁi ih bd(ﬂ),matldﬁﬁiflt]ﬁhd‘uj]hcsmbbsddi tuted

derivatives &HIH%‘I' %‘c 1Vat0r 0%s %ISRA drheeaCh n§tstéal‘£]c%e assnse e Eegmfoqmcm al kyl
cycl oal kyl ﬁ ?93 trtuted aP& ) subg ute ?
substitutedm@b&ﬁwyﬂJ%dVngNw¥6ﬁﬁﬂ$¥GMQO5éﬁ&@owmdt@ﬁsmmER@W@m@Sde al koxy or

aryl oxy| gr oURRnde-iPmR) AAGE0URDe L8 HEGhe Qittla-c8di& MRind Al &R LudpBrts SFEL hOXy,
et hoxy, propoxy, butoxy, phenoxy, substituted phenoxy, and the |ike.

Sul fur gr oupi yFEios. uNPIEerEIB&?’&Fnﬁf%@f S@Flbwgmone%{ﬂﬁr)@gwaﬁis Ghi"ekds REl ude, but
are not | i ndr¢ egbtt QimiteSRP, m&SQQﬁ%MMﬁﬁﬁﬁﬁﬂﬁAtmmﬁﬁN(hﬂﬁﬁﬂRA [teaiids(1.be |i ke,

i ncludi ng subst i rivatives ther in ch i.nstance is
sel ect ea 1 oM eGBHSITRY * ar yi SN BOTE RS PR i R0 a0 7 7o as
aral kyl , sd@S@ﬁﬂm@eﬁmalkyIK2@dmx®¢w&ﬂmumﬁmw¢wh®} substitut edrienall.kyl havi ng

from1l a irconium, a i A Og1 f ta|n|ng
(rom T 3¢, 20RaiN AT i, Dhofd OHET AIONRRBAAL B SOSRLGRC 21 11

-CN, and tH&bqnmkéﬂs(tPlTbréwtﬂamﬁ@%wB@bQSPlWéa Zighepinpalichipade. ?ﬁéﬁ%ﬁeﬂe@mer ein RA
i n each i nstapag-d-setHaretkedahiam al Kydichigie! oal Ky 2-tasnid6-teabadykal

substitut ed ahylﬁYheﬁoxy)tltamum dichloride, N-alkoxy-B-ketoiminate tetrahydrofuran titanium
dichloride, 2,2'-[1,2-ethanebis[methylamido-N]methylene]bis[4,6 tert-
25  butylphenoxy]zirconium dibenzyl, N,N'-[(amino-N)di-2,1-ethane]bis[2-N-2,4,6-

S

trimethylphenyl amido]zirconium dibenzyl, and the like, or combinations thereof.
Often, in a metallocene compound, the transition metal is Ti, Zr, Hf, Cr, La, Y, Sc, or
V (or can be more than one, for example, if a dinuclear metallocene compound is employed).

Some examples of suitable ansa-metallocene compounds include, but are not limited to:



substituted aryl, or substituted aral kyl having from1 to 20 carbon atons.
Phosphorus groups are phosphorus-contai ning groups, which include, but are
not |i m two 200/037971H2, - PHRA, - PRA2, -P(0)RA2, -P(ORA) 2, PCP(UBR¢10R49729 and
the like, including substituted derivatives thereof, wherein RA in each
instance is selected fromal kyl, cycl glkyl, 10aryl, aral kyl, substituted
al kyl, substituted aryl, or substitut aral kyl having from1l to 20 carbon
at ons. Arseni c groups are arseni c-containing groups, which include,
but are not limted to, - AsHRA -AsRA2, -As(0)RA2, -As(OCRA) 2,
= & d dernvatives thereof,
i A A& 5 sel ected frorall cl oal kyl, aryl,
15ar al kyl , gﬁ%stitut ; TP ubst i t ut &8Uary fostBUt ed aral kyl
having from 1 F&20 caybe®! at ons. CaPhap IpS«@F € car bon- cont ai ni ng
groups, which PHTI U B™c| are not Iinitedpwerc; F | i de groups that
conpri se halide-sub uted al kyl groups with 1 about 20 carbon atons,
aral kyl groups with o about 20 carbon atons, 0O)H, -C(0)RA, -C(0)ORA,
cyano, - 20 C(NRA)H, - A NRA) ORA, and the
| i ke, including substituted derivatives thereof, wherein RA in each
i nstance is sel e A al kyl, cycl oal kyl, _atyl, aral kyl, substituted
al kyl, substit g substituted aral @ from1l to 20 carbon
at ons. t-Bi&i =4ﬁstéhe si | i conygpnty arAopsgy Whi ch i ncl ude,
kyls3 | groups, arylsilyl

but are not i phjed Sichy! groups such b
groups, aryl al ¥ yIH@mpups, si | oxy groug‘k; d got" i ke, which in each
i nstance have from o 20' carbon atons. FBF  examyl e~Gil i con gr oups

i ncl ude trimethyl si and phenyl octylsilyl gro Ger mani um gr oups
are germani um cont ai ni roups, which include, are not limted to,
gernyl groups such al kyl ger ¥\groups, aryl gernmyl grou aryl al kyl ger nyl
groups, germyl oxy _group and the like, which in each instance have from1l
to 20 carbon 304 s Tin groups are t yal \i ng groups, which
include, bufpar® -s_éf, stannkao 3 yl st annyl groups,
aryl stannyl groups, Ialkyﬁs annyl grouaps, y (or qu'stannyloxy")
groups, and t hBNui.k pr.ev@ll to 20 carbon

ahisglh i n each inst anf8whg
atons. Thus, tPH”gr s ™l ude, but are net”Ti tged‘Qﬁ, st annoxy groups.
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Lead groups are | ead-containing groups, which include, but are not limted
to, al kyllead groups, aryllead groups, arylal kyllead groups, and the |iKke,
whi ch i n wachiivaigde7ance, have from 1l to 20 carbon at ons. PBOMUSR019/04270S ar e
boron-cont ai ni ng groups, which include, but are not limted to, - 5 BRAZ,
- BXA2, -BRAXA, wherein XA is a nonoani ?nlc group such as halide, hydride,
al koxi de, al kyl thiolate, and the Iik and wherein RA in each instance is
sel ected fromal kyl, cycloal kyl, aryl, aral kyl, substituted al kyl,
substituted aryl ,—¢ S ituted aralkyl having fro to 20 carbon atons.
Al um num gr oups um containing gro @ ' ncl ude, but are not
10 limted @y TXARR - ALRAXA, + BheT &in a~friEnoani oni ¢ group
such as hal i de, aIKOX|de al kyl thietat e;™ and_the |ike, and
wherein RA in e is selected fr i ylzrdﬁéloalkyl aryl,

aral kyl , substi tu 3 k?ﬁ] substituted ar or >sLibstlht ut ed aralkyl havi ng
froml to 20 carbon J,ens | nor gani ¢ groups tha y be used as
substituents include—hut .are not limted to, - L4 - 0ALXA2,

- 0Si XA3, -OPXA2, -SXA, OSEZXA, -AsXA2, -As(0)XA2, %2, and the |iKke,
wherein XA i anl oni ¢ group such as halide, hydride, am de, al koxi de,
al kyl thi ol af | i ke, and wherein cycl oal kyl, aryl,

aral kyl, sub kyl, substituted a pstituted aral kyl group
or substltugﬁt o] | i gands has from1l rbon atons.
20CXganoneta 'that may be used'us, i«w@ents include, but are
not 1inmted™? ron groups, organwal umwgy oups, organogal | i um
gr oups, organ05| n groups, Organogernani u ups, organotin groups,

or ganol ead groups; no-transition netal gr s, and the like, having
from1l to 20 carbon N\t. is also contenpl at the at | east one
transition ne al | océne conpound 25 can_conpri se ‘one or nore

di nucl ear mey nmet al | ocenes i ncl ude,
but are not e 1 g CElL: U.S. Patent

Appl i cation Qb ?AN489, 630 and U.S. Patent PuBKi cation Nos. 2009/0170690,
2009/ 0170697 "=z0(d AM9FH171041, the di s€hes fw@hi ch are incor porat ed
her ei n by rBi%er ensgd i M hei r entirety. BPNHM COMPOUNDS 30l n sone
aspects, catal ys{(’gpnpositions of the presen vention can conprise one or
nor e or ganoal um na_cogpounds. Such conpound n include, but are not
limted to, conmpounds having.the forrmula: (RB)3AL"\_~ . where RBis an

al i phatic group haV|ng froml to 10 carbon atong..For exanple, RB can be
35net hyl, et hyl , butyl, hexyl, or i 47 Q her
organoalun1nun1 pds whi ch can be used { 2 yst conpositions

di scl osed herein
formula: [ N\

i nclude, but are not |im conpounds havi ng the

.......




Al (X9) M X10) 3 where X9 is a hydrocarbyl; X19 is an al koxi de or an
aryloxide, a halide, or a hydride; and mis 5 from1l to 3, inclusive.

Hydr ocar byD 2081/033%d herein to specify a hydrocarbon radipcaiusgeiongrand
includes, but is not limted to, aryl, alkyl, cycloal kyl, al kenyl,
cycl oal kenyl, cycl oal kadi enyl , alkynyg5 aral kyl, aral kenyl, aral kynyl, and
the like, and includes all substituted, unsubstituted, branched, |inear,
and/ or heteroatom substituted derivatives thereof In one aspect, X9 is a
hydrocar byl having from 1 to about 20 carbon atons. | 10 anot her aspect
of the present invention, X9 is an al kyl haV|nu‘ om \gékﬁo carbon atons.
For exanple, X9 can be et hyl, propyl, ‘ Ax ec-butyl, isobutyl,
or hexyl, and the liksg i n¥yer anot her aspec 2 ? pres nt invention.
According to one aseQS of the present |nvent|u 181 i s {an al koxi de or an
aryl oxide, any ¢jpe o Ri ¢jClhas from 1 tq20 aroerqﬁons\\a hal i de, or a
hydri de. I n anothe i/ g1 19 is selected

i ndependent | A f\uofi n€lapd chlorine. Yet aspect, X19 is

chl ori ne. Al ( X9) m X10) 3 unber from1l to 3,

i ncl usi ve, 3. The val ue o(\.~ restricted to be an
i nteger; therefoxe i ornula(*ncludes sesqUMea#” de conpoupgseor other
organoalun1nun1c|uster conmpounds. . 20 | es of organoal um num conpounds

suitabl e fofCusBRlCHIHREG ‘ili&ébwataH‘mﬁ ﬁ%f%P@@nMenf%%Wi & ifdPiere, but are

not limtedutyn, trialkylalum num conpounds, dlalkylalunlnun1hallde
conpounds, di al IunlnunlaIE xid nds, dial kyl al u nun1h dride
conmpounds, and Eﬁngﬁﬂg?? msnagwg% gﬁkgﬁ?ﬁﬁge%bﬁmwxmx¥oamq%xaﬁprés of
SU|tabIéSorgaﬁ@aﬁummnu%m@@hbnmwdsHWﬂﬁmmde trinmet hyl al um num (TMR),
triethylalu 25 tri-n-propylal um A (TNPA)

tri-n-butyl alum / triisobutyl alym

tri-n-hexyl alum octyl al um nu il i num hydri de,
di et hyl al um num et h& ]
conbi nati ons thereo present inventiop” conteppl
precontacting a ¥ ) bHbgpound with an

or ganoal um num 24 andlan ol efin nmono R0 f AClm a precont act ed

m xture, prig re with an
activator-support to forma cat al yst conposi tion. V%en t he catal yst
conposition spared in this manner, : t hough not necessarily,
a portion o i ox{he precontact ed

m xture and ~ onp-und is added to the
post cont act ed nixtur- Pl JARE Xt e is contacted

3 . re

Mg catal yst conposition
Altlernatively, all the

or ganoal um num cgrfpound €an be
\tlnﬁ'or postcont

]



Further, nore than one organoal um num conpound can be used in either the
precontacting or the postcontacting step. Wen an organoal um num conpound
i s added wo20B/03m47i pl e steps, the anounts of organoal urChorseciongoand

di scl osed herein include the total anobunt of organoal um num conpound used
in both the precontacted and postcontacted m xtures, and any additi onal

or ganoal um num conpound added to the g | ymeri zation reactor. Therefore,
total amounts of organoal um num conpounds are discl osed regardl ess of
whet her a singl e grganoal umi num conmpound or ngre than one organoal um num
compound i s used ALUM NOXANE COMPOUNDS e present invention
contenpl ates a ca i i se an al um noxane

conmpound. As used he p e term "al um noxane" = 0 o al um noxane
conmpounds, ~ , or dist S gardl ess of how
such alum n , formed ed. For exanple
a catalyst ™3 ytioh DKI Si Ng amat’ U ~ , }d can be

prepared in mhlch 7 \ s provided as t [0y Yarocar byl al um num
oxide), or in whic
al um num al kyl such as water.

Al um noxanes arje also referred to aaﬁpoly(h drocarbyl al um num_ oxi des) or
or ganoal um noxanes. 20The ot her catal yst conponents typically are contacted
with the aladihsdkane in a saturated hydrocarbon conpound sol vent, though

any sol vent thab&ﬁﬁm§ﬁ@§&@§§bﬁ%ﬁﬁk&&ﬁﬁﬁm&@@&ﬂ%mﬁ@@ﬁgﬁ@%ﬁm&b@ﬁ@ﬁ@ﬁd|ates
and products of the activation step can be used. The catal yst conposition

fornmed in ﬂﬁPQ“ﬁﬁWﬁﬁﬁmP%oé%ﬂ?@@?éﬁmﬁvnéﬁymgﬂP@ﬁﬁié“ﬁ%ﬂﬁﬁ@eleWeé%anple by
filtration.lindleier nati vely, the catal yst conposition is introduced into the
pol ymeri zati on 25reactor w thout being isplated. The al um noxane

i i C p al um num conpound

conprising | T age structures, or

m xt ures of hvi ng the formnul a:
30wherein Ris a Yo 10 carbon atons,
and p is ang# _are enconpas ed by thi/s>invention. The

Al RO noi ety “&Hunlt in a linear

al um noxane.

Q!. 19 /IRqg R
égp gar bon at ons,
b s invention.

mul a



5 wherein Rt is atermnal |inear or branched al kyl group having from1 to
10 carbon atons; Rb is a bridging linear or branched al kyl group havi ng
from1l tow0Qortizsom atons; r is 3 or 4; and a i s equal POTAAREIBN4977TNO(2) +
nom wherein nAl(3) is the nunber of three coordinate alum num atons, no(2)
is the nunber of two coordinate oxygﬁg atons, and no(4) is the nunber of 4
coordi nate oxygen atons. 10Thus, alu Phoxanes whi ch can be enpl oyed in the
catal yst conpositions of the present invention are represented generally by
formul as such as (R Al-0)p, R(R-Al1-0)gAlR2, and the like. In these
formul as, the freuUp is typically a linedr or_branched Cl1-C6 al kyl, such

as net hyl, butyl, pentyl; Exanpl es of al um noxane
conmpounds t hat H i n accordance exgnt i nvention

i ncl ude, but pted/to, 15 nethyl al im et hyl al um noxane,
n- propyl al u land, \ so- pr opyl al um noxane, akupERoxAne,

t-butyl al um's | al um noxane, i so-bytyNal um ngXane, 1-

pentyl al um noxape 5Q A oxane, 3-pen{yfal ug noxahe,

i sopent yl al um noxang @ uni noxane, an\t hent:1'kls or any

conbi nation tF {VE *1Toxane, ng’xa and

i so-butyl al pepared fromtrine M nUI®H; 20
triethylalumnum or trii tylal um nu ely, and sonetines are
referred to as poly(neth at um num oxi dg), poly(ethyl alum num oxide), and

pol y(isobutyl al um num oxi de), respectively. It is also within'the scope of
the invention to use - p D a trial kyl al um num
such as that disclos S. Patent No. 4,794, 0% neor por at ed herein by
reference in its entj+e /25The present inventi onvenpl at es nmany val ues
of pand g in th¥ i 2 formulas (R AL-O)f Sa
respectively. S S

er, dependi ng
ons€d, the val ue of

i ngl e sanple of alum and such

conmbi nati ons of orga noxanes.are contenpl at'ews ein. 30Ln preparing

a catal yst conposition containing an al um noxane, the nolar ratio of the

total nol es of aluninunl"jy'e al umi noxane (or al um péxgfles) to the total

nol es of transition ne‘g‘!! %{or nmet al | ocene conpo reconpounds) in the

conposition is general (=Rt fcen 50 about 1:10 and ¥ 100,000:1. In

anot her aspect, tMe (¢! is in a range q

15, 000: 1. Optiong

z2bout 100 ™™t §!H§h> ng/L to

about 100 , Pt 1 ng/L to“about 50 5O ganoal um noxanes
can be prepared by vari™s rocedures. Exanpl es of "®wgg#0al um noxane
preparations are disclosed in U S. "Patent Nos. 3,242,099 and 4,808,561, the
di scl osures of which are iggefporated herein by refer n their

entirety. For exanple, f:::;’vlan inert organic solv be reacted
with an al um num al k '..-ngj such as (RB)3Al1 vhe desired

to
18 bougily
thod Cpn=d ‘l:].
Al ternatively, N/‘\‘ﬁpxanes are
um al kyl conpound, such™®se®RB)3Al, with a

or ganoal um noxane col
statenment, it is betd

e not intending
s synthetic

enconpassed by this inve
prepared by reacting an arw
hydrated salt, such as hydrated copper sulfate, in an inert organic

sol vent. 15 ORGANOBORON GRGANOBORATE COMPOUNDS K:::Tding to anot her

aspect of the present L;ﬂ:- ion, a catalyst conposiii urther conprising
or ganobor on or organqugg’ conmpounds i s provide ounds i ncl ude

neutral boron co & DY aﬁ%»salts, and the i i nations

t hereof For ex
conpounds a



20 Any fluoroorgano boron or fluoroorgano borate conpound can be utilized
with the present invention. Exanples of fluoroorgano borate conpounds that
can be uswo022n/Bhg1present invention include, but are n®@CTiUSRWAM7TD,
fluorinated aryl borates such as N, Ndi net hyl anili ni um

tetraki s(pent afl uorophenyl ) bor at e, trhghenylcarbenium

t et raki s(pent af | uorophenyl )borate, |i t it unt et r aki s( pent af | uor ophenyl ) bor at e,
N,N 25 dinethylaniliniumtetrakis [3,5

-bi s(trifluoronethyl)phenyl]borate, triphenylcarbeni
tetrakis[3,5-bis(trifl *’frﬂrwl)phenyl]borate, ane
t hereof Exanpl es of fﬂﬂ’!?a%gano boron conpounds
co-catalysts in the pres®it/invention includ b
tris(pentafl uor off
and the |iKke, X
the 30 fol o JaD
fl uoroorgano boron c and rel ated conpoue t hought to form
"weakl y- coordi nati ng" when conbined with oMyeg#fetal or netal |l ocene
conpounds, as disclosed Ip S. Patent 5,919,983, the disclosure of which
i's incorporated herein
contenpl ate the use of
bi functional conpgunds
structure, such as drs

14756- 14768, the 57
its entirety Ge onpound can be
> !alp

used. According to on )sr ratio of the
total noles of organoborow®or organoborate 5 conpouM or conpounds) to
the total noles of transitie--vrtal and/ or netal | ocene eorppund (or

conmpounds) in the catalysgiga};osition is in a range 0.1:1 to

i ke, or m xtures

can be used as

s /) limted to,

§ 21-A¥k) - phenyl ] bor on,

f. Al thoug [ : ‘<: :): be bound by
m——

on, or bis-boron,
@ hing two or norg
A J. Am 51 Chem

5 in the chen ca
127, pp.

about 15:1. Typically, Jqﬁ% of the fl uoroor gang,isemd Cor fl uor oor gano
borate conpound usedV¢ .5 nmol es to &Ebow ol€ls of

bor on/ borate conpou ansition neta ocene
conmpound(s) . I 3gpect of } C t he anmount
of fluoroor or gano b0 m about 0.8

nmetal and/or netall ocene cgnpound(s).> 1 ONI ZI NG | ONI C COVWOUNDS The present

i nvention provides a cat 'l‘ﬁ' conposition which can fl:::)r conprise an 15
&1 oni zi ng i onic conmpound i xh i oni ¢ conmpound

i oni zi ng ionic conmpound_—A S
that can function as at al yst to enhance the ' of the catalyst
conposition. Wiile n ’bg to be bound by t \'X%Js bel i eved t hat

0 ‘li]’ d/p
) {:::;:H sapabl e of re ¥Rt al | ocene

the ionizing i nMe Z '
conpound an§§$§n§e;§}ng t@§.§EIh>rocene§gg£o§Qp§

nmet al | ocene conpoands, eA~ﬁ§\p|ent cationic ‘Aetall g
while 20 not intending !H!he bound by theory, it i
i oni zing_ionic conpound can functi o as an ionizing conpound by conpletely
or partial 1348 %Scting an anionic |igand, possibly a non-al kadi enyl

| i gand, from t ha@haetlakingeé@nénitikdosenes, of tdiecatbon bzdga@ mewiiicenc comrabdsd i s an
acti vator ofi G0: ealaly Sl PIaRdlERs Al ANGE RCL L Ts [oni zes the

nmet al | ocene, abstracts a}ilgaﬁﬁ I’n’ @ fashion as'to forman ion pair,

\nply coordinates to a

weakens t he netal ond in the 25netallqi?--
ligand, or activat et al | ocene by some % _é@)lﬁ hani sm

Further, it_is4no INC c%ﬁgound activate the
. “activation function
fe enlSnced activity of a

dJa cwtal yst conposition

.“ onpounds. Agai n,
el jeved that the

]



Exanpl es of ionizing ionic compounds include, but are not limted to, the
foll ow ng conpounds: tri(n-butyl)amoni umtetrakis(p-tolyOborate,
tri(n-butwbD2oamsmrium tetraki s(mtolyl)borate, tri(n-buPgr)isaomonierme

tetraki s(2, 4-di net hyl phenyl )borate, tri (nbutyl)ammoni um

t et raki s(3, 5-di net hyl phenyl ) bor at e, té@r)(n- butyl)amoniumtetrakis [ 3, 5-

35bi s(trifluoronethyl)phenyl]borate, i (n-butyl)ammoni um

tetraki s(pentafl uorophenyl)borate, WO 2011/037971PCT/ US2010/049779 52

N, N- di et hyl ani l'i ni unt etraki s(p-tolyl)borate, t hyl ani | i ni unt et r aki s(
m
tolyl)borate, N, N-¥
di et hyl ani A
tetrakis[3,5- bi §(t
tetraki s(pentafl ug

EPhyf ani | i ni unt et raki s(2, M e Ayl phenyl ) borate, N, N-

et ki SER,AN di met hy| pfeT(y ) by a?\e, NN di et hyl ani |i ni um
i f 2% Eq-_;myl ) phenyl ] bor at e, \N met hyl ani i ni um

| Ybdrate, 5 triphenyl 3

, tri phenyl carbeni umtetr &k tol yl ) borat e,

tri phenyl carbeni u aki s( 2, 4-di fret hyl phenyl )bora e, triphenyl carbenium

tetrakis (3 ,5- enyl)borate tri phess RN um
tetraki s[ 3, 5-bi s( (g orret hyl ) phenyl ] bor atenyl car beni um
t et raki s( pepts oph'ny I@orate tropyld 8 is(ptolyl)borate
tQ 'de orate, tropyli
yMeborate, tropylium

tropyliumtetra -
tetrakis(2,4-dinethy

(‘“f | )borate, tropyliumt
porate, tropylium

tetrakis(3,5-dineth
)borate, lithium

tetraki s(pentafl ug

tetraki s(pentafl [ )borate, lithiumt borate, lithium
tetraki s(p-Lg i hlumtetrakl porate, lithium
tetrakis(2,4- di m&ibor ate, lithi HeCl

t et raki s(3, 5-di net pAenyl 'oorate l'ithi umtetr uo™epor at e, sodi um

t et raki s( pent af |
tetrakis(p-tolyl)lk:
tetrakis(2, 4-di
t et raki s(3, 51,8

)borate, sodium 15 téefDA
odi um tetraki s(mtolyl )
reyl ) borate, sodium

Hoperate, sodiumt

Nenyl borate, sodium
at e, sodium

pobor at e, potassium

t et raki s( pentaf| 1 g[)or ate, potassiy bor ate, potassium
tetrakis(p-tol assiumtetraki pot assi um
tetrakis(2,4- dinethy ¥ )borate, potassium

tetrakis(3, 5-di n# Byl ) borat e, pot azHu FB]I- 20bor at e,

l'ithiumtetraki s(pent akdtior ophenyl )} al um nat e,
l'ithium

tetraki s(p-tqlgy
s(2, 4-
di net hyl phehyl Nadnari nat L1 hi unt et r aki SCITSLAT
um tetrafl uoroal uni nx soo?'um et raki s(pent af'l u
t et raphenyl alt
tetrakisymtol yl)¥s
25sodi unt et r aki s( - di rret hyI phenyl ) al um nat e, sodi unt et r aki s( 3, 5-

t et raphenyl al um nat e,

kgl hi unt et raklts( @“@ urtanat e, | ithiuntetraki

ﬁl\\rﬂﬂ‘eﬁ'yle) alum nate, lithi
1eTSH PiMesni nat e, sodi um
Zt-egu sodi um

--"““CI
¢

; and the like. The integer n' in these metallocene
compounds generally ranges from 0 to about 10, inclusive. For example, n' can be 1, 2, 3, 4,

5,6,7,or 8.



di met hyl phenyl ) al um nate, sodiumtetrafl uoroal um nate, potassium

t et raki s(pent af | uorophenyl )al um nate, potassiumtetraphenylal um nate,

pot assi unwoebriakirw(ipt ol yl ) al um nat e, potassi umtetraki s@ertuskyto)pad7am nat e,
potassium tetrakis(2,4- dimethylphenyl)alunnate, potassiumtetrakis

(3, 5-di net hyl phenyl )al um nate, potassiyum 30 tetrafluoroalum nate, and the
| i ke, or conbinations thereof. | oni zi @ i oni ¢ conpounds useful in this

i nvention are not Iinited to these; other exanples of ionizing ionic
conpounds are di nd 5,80 8, the
di scl osures of %%mtﬁltjc??nﬁoc?%?"é‘aés ep E‘i %m%%‘/e Bt Cea%gﬂt C8mP?f“i°ﬂ§ ?f3
entirety. GhEEhNMMﬂW@Wﬂ%ﬁh&ﬁbm the scopdnegfahaprateatdinyeat@t ampslihikdtto ¢an be

enpl oyed “M&ﬁ Q%ﬁﬁMéﬁe gn£%§k&$§mgv and pol ynerization processes of this

i nvention typica |nc I n conpounds having from2 to 30 carbon
atoms per nol ec diﬂewaiﬁdmm%@et%i{%qnempom c35) B il CabTHIoBPBREIRES ofThi s
inventi oN eRENERASHLRiNOSRP AUPIB ZAtihQRe BLOEERSBSiIddSd:Ng a single olefin
such as ethyleng or 5 propylene, as well as cgpol ynerization,

t er pol yneri actions usi ngan fmver with at | east
one different ol efini ound. For exanple, ther nt et hyl ene

copol yners, terpolyners; ., generally contain a anpunt of ethyl ene
(>50 nol e percent) and a r amount of conononer (<50 wot'e percent),

t hough this is not a req nt. Conononers that can b“‘e@polynerized with
et hyl ene of &gn to 20 10car bop~at oMd i n t ¥ nol ecul ar chain.
Acyclic, cyclrc, ifc, term nal (ajf I ' ear, branched,
substituted, unsubstit , functioenalized, and non- .tionaILzed ol efins
can be enployed in this inventjon. For exanple, typical unsat ur at ed

conpounds that _can be polAnefized with the catal yst couppositions of this
i nvention i limted tQ_—€ propyl ene, 1- 15
but ene, 2 -} nethyl-l-butene, i ' 1 -p entene, 2 -p

entene, 3- meRh pent ene, 4-net hyl - 1- - hexene, 2-hexene,

3- hexene, 3-ethyl he&@me, 1- hept ene, he 2? 3-heptene, the four
normal octenes, the $Qur normal nonenes, the Y e nesimal decenes, and the
i ke, or m xtures of/ t lor more of these conpoud Cyclic and bicyclic

g-but not limted to, c

ol efins, includi N ene, “cycl ohexene,
nor bor nyl en\’nadi ene, and the |i
\ S

20 can be polynerized as
descri bed aly YW ene al so can be e 3/ @ nononer in the present
i nvention. |Im=an aspect’ \t he ol efin nond alternatively, the
ol efin nmonomer is propyle -.\\ VWhen a r_alternatively, a
terpolymer) is desired, the ol'efin-monomer can conprisg, for exanple,
et hyl ene or ropyl ene, ~hi ch i s copol ynerj east one 25
conononer. Ac®6rd e aspect of t e ol efin nmonomer in
t he pol ynerization procse conprises ethylene. Int spect, exanpl es of
suitabl e ol efin conononeXs ¢mcl ude, but are not |imted tGH;propyl ene,
1- butene, 2-butene, 3-ne hyl-l - but ene, isobutyl ene, went ene, 2- pentene
3-nmethyl -1 - hy? i - pent ene, xef€s 3- et hyl -
- hexene, 1-h ene, 3-heptené& cene, 30 styrene,
and the |ike, t/i ons thereof. According to aspect .gf the
present invention, the conononer can conprise 1-butene, 1-penténe,
1- hexene, 1-octene, 1-decep®,Xgtyrene, or a conbination thereof.

General ly, gmer introduced into a reactor zone to
produce the p-about 0.01 to about 50 wei ght percent of the
comonomer based on th tal/ 35wei ght of the nononmer and conononer.

; and the like.



i nvention, the anount of conononer introduced into a reactor zone is from
about 0.01 to about 40 wei ght percent conononer based on the total weight

of the nowormeri/@emdiconmononer. In still another aspect, Phe/tsaw0/08970%
conononer introduced into a reactor zone is fromabout 0.1 to about 35

wei ght percent conononer based on the }otal wei ght of the 5 nononer and
conononer. Yet, in another aspect, t hél amount of cononomer introduced into
a reactor zone is fromabout 0.5 to about 20 wei ght percent conononer based
on the total weight of the nono and conononer hi |l e ngt intending
2o be-bound by (7S “ERb P TR SRR n A RRAOL Todr bictsdo! B FuRd: onal f zed
ol ef i ns ar efollzedk @spredct ants, it is believed that a steric hindrance can

i npede 10 and/oc‘\IOMIthe pol ymeri zati on process. Thus, branched and/ or
cyclic portion(g S oiQ t he car bon-car bon
doubl e bond woul\g ™t he way that
the sanme olefin pstituents situated nore progrimate to the carbon-carbon
doubl e bond pjght| According to one aspegt of fthe present invention, at

| east one nonone Zr@ﬁ@?ant i s ethyl ene, so'?héﬁp&“ﬁnerizations are either a
honDponnerL/e ' 5i nvol ving only ethyl g opol yneri zations wth a
different 4 lic, termnal, int ear, branched,
substituted tituted olefin. In_addi t he catal yst
conpositions i nvention can be used
di ol efi n conpounds ikgl%ﬁ%p but not limted to, 1i§'9§ adi ene, isoprene,
1, 4- pent adi ene, and 1,%? X ene.;PCLYI\/ERIZATICNC 220Cat;al yst
conpositions of the present invention can be ed to polynerize olefins to
f orm honopol yne N t er pol ymers, i ke. One such olefin
pol ymeri zation p ; es contacting
| east one olefin one ol efin conononer under
polynerizatie copditions to produce an gfefinm polynmer, wherein the

catal yst conpos ;hﬂN“@onprises at | east one Hﬁﬁgpfion nmetal or 25

met al | ocene cenpolnd and at | east one ag; vat or -support. The at |east one
activator-sfﬁborw F Fa-Doated alumna treated with
at | east ong el ef Q he at |east one
silica-coat rai o of alumna to silica in
a range fromabout 1Y¥1 to about 100:1. The at |east one
electron-mjthdramﬁng“%ﬁ%ﬁﬁki%h conpri se f1 uori de CEMOHTEE; braom de,
phosphate, triflate, bisulfate, sulfate, d e 30li ke, or any conbination
t her eof . H,C : a catal yst conposi@? resent invention

enpl oyed in an \LyAeLi zat i on proces onprise at | east
one organoal um . Suitabl e organo i num conpounds can i ncl ude,
but are not é‘nlted to, trimethylal um nugy tr'etg | al um num

tri-n-propyl a™mMmizaetHClt ri - n-but yl al umi num trﬂfg‘%htylaluninum tri-n- 55
hexyl al um nug~¢ ri-p- octyl al umi num dii sghtyl\akuni num hydri de,

di et hyl al u i de, diethylalumn e, and the |ike, or

conbi nat i ong The cat al yst Jons of the pr esent
invention arextntended for any ol efin polwr At i on net hod using various
types of _polynerizatign-pgeagtors. As used hereinj oy oHRgLynerization
reactor™ i ncl udes any pol yhetization reactor capé%?% of b%lyneﬁizing olefin
nononmers and conon one or nore than one to produce

honopol yner s ly terpolyners, an e various types of
reactors include thos at may be referred to as ch, slurry, gas-phase,
sol ution, high pressure,\ tupylar or autoclave reactoys. ~Jhe pol yneri zation
conditions for the variogﬁQ eactor types are well kn o those 10 of

skill in the art. _ Gas aseGleact ors may conpri se ui dCted bed reactors or
st aged hori re s. Slurry reactg Ay o@n Tse vertical or
hori zontal [oops. Hi ressure reactorS may co Mide aut ocl ave or tubul ar

reactors. For instance, the polynerization reaction can be conducted in a
gas phase reactor, a |loop reactor, a stirred tank reactor, or a conbi nation
t hereof Reactor types can include batch or continuous processes. Continuous




15processes could use intermttent or continuous product discharge.
Processes may al so include partial or full direct recycle of un-reacted
nononer, wWo-208z68r%9d conononer, and/or dil uent. PolPgwaIS2@atoiwomo r eact or
systens of the present invention may conprise one type of reactor in a
systemor nultiple reactors of the sagz or different type. Production of
polymers in multiple reactors may i nclude several stages in at |east two
separate polynerization 20 reactors interconnected by a transfer device
making it possible to tyransfer the polynmers resulting fromthe first
pol yneri zation rebdetef ™{o the second reagtor. The desired pol ynerization
iti i eactors may be rent fromthe operating

s -Feactors. Alterna y, polynmerization in nultiple
reactors may |nclude th nual transfer O olynmer fromone reactor to
subsequent reactors fzp'continued 25 pol yneXiz jon. Miltiple reactor
systens nmay |ncluo\ any Cbnbi nati on includin ,hput not limted to, nmultiple
| oop reactor. pl e gas reactors, a ¢ natCdn of | oop and gas
reactors, i gh pressure reacto a conbination of high pressure
w th | oop andto gas reactors. The nultl reactors operated in
series or in parallel. According to®ne aspect of the’ 474 J@ﬁ%?on t he
pol ymeri zation redtibed sysdged neylocd0 am@mmﬂsematmieaeby@Manhmepmslurry
feact or  COMRISING. VAR bedh Rl HAGBRAL 1k ARSur MPRAURY iRl
cat al yst any conono be cont uousP a |l oop
react or mérreteééﬂtywxbrﬂ%@ﬂ rneﬁqlmewp@fﬂes Eeﬁéqdabw O&lemrtﬁ@ms Cqﬁrrp@eegs es may

conpri ses t rreaa@frgtﬂamaau&mh @ﬁdrcg@laﬁénly%mg&unap eam% LiQNRRRIBLmp&itead & yst, and
a diluent into a nmerizatjion re ctor E’ he cont.i nuous renpval from

this reactof® HFSG%P%VG%B&%?%}‘H CORpT %faﬁdfc ‘TWé‘Fe TeurEeE fe B SEMESt he

di luent. Reactor efflaent—mwy be flashed to renove_the solid polyner from

the liquids 56 that/ conpris® the diluent, d/ or cononomer.

Vari ous techpfFog nay be/4sed for this s tep including but not
limted tO,A‘-;‘ y include any co on of heat addition and
pressure redu , separatlon by cyclonic actio _|n either a cycl one or

hydr ocycl one; or |separation by centrifugation. rywy | slurry
pol ymeri zati on prcﬁﬁﬁ éalso known as the part cle dbrocess), is
blsS.  Pat ent @248 17@ 34, 501, 885,

di scl osed, for5/€

5,565, 175, T3I375, 97 Cﬁtﬁ39 235, 6,262,191 and 6,833,415, each of which is
incorporated by reference inits entirety herein. Suitable dildents used in
slurry polynerization 4 e, but are not limte e 10 nononer
bei ng pol ynerized an rbons that are |iqui reaction

condi ti ons. Hﬁ%anple tabl e di | uenHgCpncl uge, are not limted to,
hydr ocar bons suc ias pr ogane, cyclohexane ' ut ane, !l n- but ane, n-pentane,
|sopentane neo ne, ﬁ: Sone pon 'Wﬂéﬁlﬁp reactions
can occur g% bu ndi e e no ent b exanple is

pol yneri zati of pro | ene ras d| osed i U.S. tent Nos.

5,455, 314, 15which i g incorporated by reference herein in its entirety.
According to yet her aspect of this invent] t he pol yneri zation
reactor may conprise \at | east one gas phase feactpr. Such systens may
enpl oy a continuous r&cycle stream contai ning one\or nore nononers
continuously cycled through a fluidi'’zed bed in the presence of 'the catal yst
under polynerizati on cognaé=== A recycle streammy be 20 wi thdrawn from
the fluidized bed back into the reactor. Sinultaneously,

pol ymer product Ir 4 fromthe r d new or fresh nononer
may be added t 86 € the pol ynerized no gas phase reactors
may conprise a proCPss for nulti-step gas-pha ol ynerization of olefins,

in which olefins are polymerized in the gaseous,phase in at |east two

i ndependent gas-@a {ﬁ@mgml zation zones wh/ %’é!ngquha
PhH,C CH,Ph PhH,C CH,Ph

, , or



25 catal yst-containing polyner formed in a first polynerization zone to a
second pol yneri zation zone. One type of gas phase reactor is disclosed in
U. S. Pat ewO 20037951352, 749, 4588, 790, and 5, 436, 304, eaehTafS20wioedr79 s
incorporated by reference inits entirety herein. According to stil
anot her aspect of the invention, a hi pressure polymerization reactor may
conprise a tubular reactor or an autoctfave reactor. Tubular reactors my
have 30 several zones where fresh nonomer, initiators, or catalysts are
added. Mononer may be @ng?lned in an inert gaseous stream and i ntroduced
at one zone of Initiators, catalysts, and/or catalyst

conponent s trained in a gaseous stream and i ntroduced at anot her
zone of the/r The gas streanms may be interm xed for polynerization
Heat and pres ¥Hbe enpl oyed appropriately to obtain optinma

pol yneri zation re on 35conditions. 57 According to yet another
aspect of the_ inv Wuah pol yneri zation reactor may conprise a sol ution
pol yreri zat i act or %%%r €in the nononer/conononmer is/are contacted with

t he catal yst ogition by suitable stirring or other neans. A carrier
conprising an rt\. organi c diluent or excess nononer may be enployed. |f
desired, the 5 npD r/ conononer may be brought in the vapor phase into
contact with the cat aNyiArp re%&thé)l&ep&l%%dqc"lnr1s'aﬂaﬁﬁ?&1aﬂ%§f%?1@éb?o absence of
liquid material. The polynerization zone 1 s nalntaine r‘?g‘er atures and

pressures that Vi Bgcordanse Mith jope ashest plotheriy ¢ngipn. dlfe 2 lesglone reamitior meteotpol yner in

a reaction rH&é?llobUﬁb ccﬁﬂioﬁ@tdaﬂ BontpRiYe é?leanﬁimétélhb@éﬂe Te&nﬂébﬁdallﬂ ald@let Bpect, ¥pEr at ure
control and E)e mai ntain un formuﬁ@ %marl thl on m xtures throulghout t he
: ) A

pol ymer i zatd' A% JUHETS UG Al T4 MR G PIREE 1 UL S BB g t he
exot her i ¢ doeabundf Inpall yunet Zspdet, @ie.at least one tRAoditjoneiela at hadlote@actposdsui t abl e
for the pregen n r  COMrI.S t at | east
one raw nat er |(§a pﬂ? ?FMPW ol # ¢ %&g)s?n%o@ tag(gggg?tggp?g%vgn%? %ifa{/est or

cat al yst coa’rﬂ?@ﬁem@mlmdmw Orametflﬂ@a@t cmr@ur@dmymmee@m@pwgm@md Sui t abl e
react or sys(gmcfegrco&mn@rc@ﬁﬁmg annYieR hfa{etymyr &Mﬁﬁl@% urfbRIRA bSRidsyst ems for
feedstock purification, catalyst 15storag nd arati on extrusion,

react or cooIP‘ftﬂﬁcenbﬁﬁnfﬁ’E?m Plé‘“é]éf’\%lrsk}b“ﬁf*‘?“ée??gﬁa{?q 61?‘9/ or ]é‘cg}f&‘Pe ligrpagdiy %%e

| oadout 10 | akor ﬁlﬁﬂbry adnadey SeGllocaRtGaProd@RSs alk@nt Jubdtituent on the bl grbupns t hat
are cont rold formggtlm)ﬂgeri zation efficiency and to provide desired pol yner
properties ORI ature, pressure, and the concentrations of various
reactants. Pol yri"@plleszcattam\@rbrtdewpmd@t unlmidgainmghlficegr @apaings wvhiph oductei vi ty,

pol ynmer nol &@E{J &l mV\é?)hngEpect?"aﬁthlszgvéi{m)negryldﬁaoé@@'ngms Q"at%ﬁtrl‘llégug hd¥bg1, Sui t abl e
pol ymeri zati on te ure

de- pol yneri 72%14841?(@%% ﬁtld?é%agééﬁ? %ﬁéndz%%phgzﬁ ft?B’sWElrze?é&e?lé@gé‘?Z’equatl on.
Typi cal 1y, 14517939, A6d BeBES7D r@Ouiaddauts SOV De alb@pdradBRrdn bf Rfcr@¥ampl e, or
from about tgo C. to about 110 C, depending upon the type of polynerization
reactor. |n 8o Feact or systens, the polynerization tenperature can be
W thin a range flneom adpoutof 710s @vtrdiombbutt TGO o tramiti@birecehoaetaiocds C t o
about 90 C. compound cai%ﬁq@%'egnL%ﬁég%alﬁl@éua%delha&kgstﬂe MRS ngafs&g,ﬁdl ng to the
react or and po ymerization type §§e§sure or l1quid phase

pol ymeri zations in a | oop readX¥f))XyYMi -adreip: | ess than 1000 psig.
Pressurg for gas'phase:, &{nym%l’l zation is usually at about 200 to 500 psig.

Hi gh pressure polyne on i n tubul ar. or autaoclave reactors is generally
FUn at about 20,6007 B aisPase Dot B e U AES G TFEAELBES Ean al 20 be
oper at ed i mnd super CI’I tical region occurr| ng at generally hi gher

tenperatures andypre Sée %?n%%%}e a%h eﬂﬁ%i:a §e§1101t1decgrl 1%1{89'1

pr essure/tenper at ure eI’CI’I ant ages.
Accor di ng tltyd@@eanaﬁsrp%@n Oxtdhloéa W@ﬁl’ﬂoylcgmup,tamﬁ@hl@hdla@flg mfd%geéwnt o the
ol efin snofgks. i N the polynerization process can be controlled. This weight
ratio can range fromO

In another aspect of this invention, the at least one transition metal or metallocene

compound can comprise a bridged metallocene having the following formula:



58 ppmto about 10,000 ppm of hydrogen, based on the weight of the olefin
nmononmer. For instance, the reactant or feed ratio of hydrogen to olefin
nononer owo 2be/emmrol |l ed at a weight rati o which fall sPeairtuseeromas97ange from
about 10 ppmto about 7500 ppm from about 10 ppmto about 5000 ppm or
from about 10 ppmto about 1000 ppm ? is also contenpl ated that nononer,
conononer (or conononers), and/or hyd %gen can be periodically pulsed to
the reactor, for instance, in a manner simlar to that enployed in U S.
Patent No. 5,739,220 and U.S. i cation No. 2004/0059070, the

di scl osures of which are |nco#g§¢§£%agag% %ﬁ‘%y reference in their
entirety. In ethylieheZpolHfreri zations, the feed ratio of hydrogen to

et hyl ene nonomer s r ORA0 Frar Joyed generally is
controlled at a(X)m%ﬁxﬁl&ﬁ§ﬁ&%h%%gﬁggﬁggn e gﬁdg1a 0 ppmto about 1000
ppm but the spé&>f=iné ved et COPREETRD Dy o g@ﬁﬂ%téfh Oﬂéﬁ%lh%ﬂltL\IFﬁo‘?fldEﬁé e r ed

pol ymer 3wl @sﬁw@{g AB@HE Bdin BBD to § BHBh didWhs) or £0dbRL Al NRrrRAlWHTRA S
(honopol yners, aV|2§da M around 1 g/10 mn, the weight

rati o of hf@?@ E?%Ogﬁﬁ§@@ﬂ%mF%BF@3@i can fall within a range from about
5 ppmto about 330fm@ﬁx)bﬁBmm&magmehdmh$xaﬁpmﬁk fir anidaboudkodide, ppm t 0 about

250 ppm. ory LQARAYL A0 BRI 859090200, BRI, The concentration of

the reactants en ation reactor can be controlled to
produce resins wihe pnrEeedaing tpﬁg@l weihlloggnes rratskratsdl Gl thg foapesst dbese cahe

proposef e r@m‘ﬂﬁ& aWaﬁQy 6t subdtidlentWM Il ea@ﬁoc@ﬁfeﬁ&da@)éuﬁshﬁe@ oh Y I®Lith@SEp and the
met hod of formn 20 product ultimate can determ ne the desired

pol yner prdﬁ@???g§n%ﬁ%b%WWw1%&t%@me@EWﬁHF@ﬁWgéﬁﬂbéW?ngﬂﬁﬁfﬁhB%atenS|Ie

fl exural, ilyp@cibyl gioaepy o@gern@ﬁﬁlp,rae;hlax@tom@m mnagadl gﬁalp darlﬁmhdrﬁsgr@p darhysi cal
propertles i.hcl ude den%s)on - ecul ar wei mol ecul ar me
et

distribution, nmelting Sdlﬁ%’“ et F‘%?{E {"“%nl"ll{‘ u%"“‘”
t enper at ur ea hapt g@ﬂp,canyémrahum ZEup.oam, m@lremq glyup@tleqr@m@tﬂﬂlwawmp/ or@r ack

growt h, 14 ongr&R@iRcREARGRY hav%{gc}mmexeb@wr&)alamg@%%c@r@m;&ogeQSThI S
|nvent|on also is directed to, and enconpasses, the olefin polyners

produced by any “ohYdKEOYI Y PFADEER B rseidss Rudrosrden idisg] gFRup ehith Arti cl es
of manuf actidégies att ibeotfiehiteed, &ylpaylandoatan a&&fmrcy(&ﬁlkeﬁym&y@d)ﬂaﬂlﬁnypm YIer s

produced in acﬁggrg%r Cellygréyg arzhkynsl ég eqtkl %l’rlld ini;]lu P]ME su?stltute uns%bsﬁqmeg IT the

resul t ant po ance ese i‘on is, for
30 exanpl e, mawbdlymamamﬂMdmpum@nemm@ﬁm@ﬁ&wW@wg‘mﬂmﬁ pluopér tydesarben be

charact gy i gl 0¥an\Rh1d0 i m Mﬂﬂt&l% n’ie%h Bl AUGSpyK Q%‘M}l @é?tq)ugfi; ed-gufy1,t he

pol yol efin industry Articles of manufacture can from” ‘and can
conpri se, ﬂﬁ@u@{ﬁ?ﬁéﬁ@K%dP9WbP@ﬂowmﬂh¢§ﬂrﬁ@@ﬁ%ﬁﬁﬁmeWb§@m®%@W@§W1propert|es

are provi deghtel@l fienyl, hexenyl, phenyPObIR koly, Oy gt daytiBmey (IRRADH @} Jdrens,,
copol yners, %%g{i Iyners etc.) produced in 35accordance with this invention
general |y h frel t index from about 0.01 to about 100 g/ 10

Examples of halides include fluoride, chloride, bromide, and iodide.

25 Oxygen groups are oxygen-containing groups, examples of which include, but are not
limited to, alkoxy or aryloxy groups (-OR%), -OC(O)R*, -OC(O)H, -OSiR%;, -OPR*,, -
OAIRA,, and the like, including substituted derivatives thereof, wherein R” in each instance is
selected from alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or substituted
aralkyl having from 1 to 20 carbon atoms. Examples of alkoxy or aryloxy groups (-OR™)

30  groups include, but are not limited to, methoxy, ethoxy, propoxy, butoxy, phenoxy,
substituted phenoxy, and the like.

Sulfur groups are sulfur-containing groups, examples of which include, but are not
limited to, -SR*, -OSO,R#, -OSO,0R*, -SCN, -SO,R*, and the like, including substituted

derivatives thereof, wherein R* in each instance is selected from alkyl, cycloalkyl, aryl,



59 min. Melt indices in the range fromabout 0.1 to about 50 g/10 mn, or
fromabout 0.3 to about 20 g/10 mn, are contenplated in sone aspects of

t hi s i nvewbizon/o3Fon exanpl e, a polymer of the present i mgentse@n/0exn9 have a
melt index in a range fromabout 0.5 to about 10, or fromabout 0.5 to
about 6 g/10 mn. 5The density of et né% ene- based pol yners produced using
one or nore transition netal and/or al | ocene conpounds and
activator-supports of the present invention typically falls within the

rangefroma t 087t about 0.97 g/ ct of ,this invention,
e dens ¢y ap Uiy P TRy e & ver ArGE T RR AR A D%t o abou
0.96 g/cnB.atvet , i n anot her aspect, the density is in a range from about

0.90 to about O. I@éoagé &Hﬁyé ar%lﬂﬁlla%é?lscbntgl 15#@%%@&}?1101&&% ﬂpﬁ)olﬁlmgedqa' to about

0.94 g/ cnB. aspe e present iInvention (e.g.,
et hyl ene- badéld AEHOPINR/ reNe:- @&)é@@%ﬂ@ ipqlyding subiituppd\dstivagygs | tesiebs of | ong

chai n branciiengh RWh tekth tinsRh&ad dedsctbEBsin albﬁmyabmgn anl) ah0HY s@haiid anches
carbon_ a ects, the nunber of |ong

(LCB) per ta

Chain by ancHESHGRAso S aras BarboHn AT oA PR TGLS. ¢ han about O
alternatively, I%mhmagoupiareaﬂﬂmmoﬁs -caalatndrgna@bdupv.ebich nds®, bhrame afpout 7;

al ternativel Ssyl hakaa t n ut 5, LCB
per mlli on1 I%{lbfl (F caf bon é’?gééﬁ By )1?{ h%k&?ﬂ? %b)zgﬁgkﬁ%é alléaﬁj% 1&281901%%%ent

i nventi on cabstihtedderivetyss thiraef. whrotin R2in eﬁ?é@@tamahse htefhfror@,alkﬁd{cyple%lgﬂt han about
2, LCB per 41l iR, §uBdidledCAlyD QlbsalREBryl, oA s@sfifikd ASRGICHSin® ko i § Jdonventi on.
For exanpl e, oI efin polyners of the present invention can have about 1 LCB
per mllion CafP8F #Pmtar bon at oms, or | ess than about 1 20LCB per million
total carbon at o&nic groups are drmnﬁ@mxlﬁiﬂgwgeumj\tﬁmhammdb,em ﬁsmﬁﬁinitﬁifto,t—he pr esent
i nvention, al YRk P @ed Ls onRosi ti on enpl oying a
silica-coat e&ﬁ al lfg‘lﬁnza ’% &{ﬁg Qs@j%ﬁ % ?(rg%lsgg{r@fclgdu Tgusum%dl?eé

si | i ca- coat®@dvaaivesnthereot- wlmagm Besmlefecmmstaaceslsqﬁlieffti:dcéml atkek rcedeékyl, pryl.CB

cont ent s f QL ASLANGRA 2RI, GBIRALELHIL @ sBosBRHeY My IHCHE 68 1US b GrBncat al yst
conposi tion enpl oyi ng a 25 conventional silica-alumna activator- support -
for instanc®™%| uorided silica-alumna - having an alumina to silica weight
rati o of from almation @l ale &a@ooﬁb@dﬂ&mﬁé éﬁ’éupl wﬁﬁ_&lﬁn&]utm)ﬁﬁ a@fnol Gt th,n a

pol ymer pro usin cata sl co presen |nvent| on can
be |ess tha%?ggldf gﬁ?ﬁ@ By C?Iﬁ%m %&?Ubt it théfg "Hpsa“%‘o tOr‘réout 59 §808ed using a
conpar abl e aa@tsadryiky! goopspotiltd apput &6 pariainpiony, @(@Hn’@é@ﬁ{? ,oﬁéﬂ)OR JIcyama~al um na
act | vat gy - YRR ok ENRORS, RINANERS MEime B, 1LAGHE ABEANLILL A0S meigkng the

sane ot her cat st conponents, sane anion chemcal treatnent, etc.). For
Cnstance. | Wb aBAETE iselee b e BB TR A ety 5t
corrpositionsu@sfmutdaaryproe@emutddmsﬁ@tﬁaolﬁagﬁa@1lﬂezdc%snattmm about 50% or |ess

t han about 35% of the nunmber of LCB's | roduce ing a
Comparanl e oat alYSe EONDAL THah waEE Ay HhCaH Bkt oI R4 el i na
act i vat or - sdiplpoeups such@lkylsilyl groupFheeylsilyhdyeups,cfyldliGBilplegroups, kildxg grotyet @ld car bon
atoms can bg. ﬁ}%ax%léh%g edch Q% @L\%tf 91f1 tl) ?@% %zgéomgef(ﬁg%nl %%i%&i‘%rouﬂs' near

pol yet hyl ene pol yners are o served Tow a power & i onshi p

bet ween théﬁ?lu@éﬁm@ﬂﬁéél@nd?'@@ws}lﬂms and their weight-average nol ecul ar
vei ght, Mwv, wit h}eﬂnéﬁﬁlﬁﬁéroﬁiﬁra)’e SRS Rut-onirfhg FBIpS, WIRHALLIONS BiPard Sorshown by a
straight line w a sl ope of%}? 4 when the |ogarithmof 770 |s1 plotted
versus the 1?%55r?t$?ﬁ?8fgrw S}’_‘f@v‘?l $°BRE FB THFETY' 18RS FIFGHET™ ! ne are
general |y ageeptethyasy geiupg aghitlis gkk, byich hreeqol ésene eaaf frdoCB.to Janzien and Col by
pr esent a,pdel that predicts the expected deviation fromthe |inear plot
of log(770) vs. log(Mv) for given frequencies of LCB as a function of the
Mv of the pol yndin greens areDingagnieiging groupsn gyhich aickhidd betrrehian dimitted foodtapeylhy| enes,

J. Mal. Str Q&Jps SIfcg@Tl&ﬁanﬁgt%ué8éfrlstllgly( é%l%%) arylmiflﬁ&nﬂllsgrbdﬂg Qfagﬁfx?-t(&d herein

by reference in its entiret mers of this invention may deviate only
slightly fr SRSy WeToHRk 1§<64W1B8W€Fa‘1 é%ta’n%rlﬁé‘f from l 120 GRRIOR A used as
an i ndi cat i THis,6h g@upsiim@ae, bpolydvelimifaee sdnnoBhytsups.Chem 1980, 84, 649,
incorporated herein by reference inits entirety). The CY-a paraneter for
ol ef i n- based pol yners di scl osed herein (e.g., ethylene-based



15 honopol yners, copolyners, etc.) can fall within a range from about 0.3
to about 0.8. In one aspect, the polynmer has a Cy-a paraneter in a range
from abowoQoB&3rwi1about 0.75. |In another aspect, the peCymseoloagoras CY- a
paranmeter in a range fromabout 0.4 to about 0.7. In still another aspect,
the pol yner has a CY-a paraneter in a fange from about 0.45 to about O.65.
In yet another aspect, the polyner ha8®a Cy-a paraneter in a range from
about 0.5 to 20about 0. 6. In accordance with another aspect of the
present inventi 0 duced usin t co ion

Erpl oyl ng o | et BSBReH” rORTTRIEErUR: oPeE Rk I o RS g,
fluorided silbyiled-gowad, edllall grupraarylalialiead gewistangl thediks ivdvh fii @elntnsttmer ease i n
the Cy-a paﬁagg@(;n@[wzfoggrb(?n%otlﬂnce as conpared to a polyner produced using
catal yst conposition enploying a 25 conventional silica-alum na

acti vat or - supportoran s i SPraPred aine B irget Si '~ Bl ariRlimiH AL - ng an

zéIYum na 30 sri,j QﬁAz\AeJRgm whdfeinax"af a Mrgam@p@gibupqu&@s ljaaﬁdt@ 30! alxds: 1. fT[lﬁ
-a para r a po £ usi.n a .cala C osItlon O e
SRtalily A AN P MR S R MR RS e T AR

for a pol yneyl. prlbduceditusi aiyl,ausonpanaibloe sﬁﬁﬁt&ﬂe@/&hlkﬁdmping ifbimantoc®nt ai ni ng
conventional .Sl )i ca-al umna activator-support (i.e., at the 30 sane

reaction con(? tions, using the sane other catalyst conponents, same anion
cheni cal treat me¥emingg EIoUps ST aljpigprarp@iainingh gro@y- ahishrizahde.ebut faor net pol yner

producegh usiihgddo, CAtral, }lﬁIXAQQKH@iMMQEEHPf(A tsNemBERSENL oY &lh PRa1RAN be at
| east about. 20% at | east about 30% or at | east, about. 50%  greater than
the CY-a paP&iet 8Fo%¥EGr aey! rﬁla?l@tﬁeafld Prdicme HerRg dn CetgRTan & SEs) yst
conposi t i onfr@o#ka) d’yblmgkﬁ, a0, I, isoatutes bikyICcabailui ana, @ctbsmakdaralgylpport. 61
Pol ynmer s of a%tnh (I)rgrllg o r%on aqomshormpol ynmers, copolyners, terpolyners, and so
forth, can lb %o adlnfio various articles of manufacture. Articles which
can conprise pollymgns gyfupt hiptgndyrbgerntd aulsamentsniodluddebut bigtnopkimitadde. -1 i mi t ed
to, an ggrigikt upalxsi ofixanopit,orsbi | gs@ant aAsﬁA bOAsEd))QA apxey uy @ fiber or
fabric, a food packaging filmor container, a food service artlcle a 5

fuel tank, lkegy dha MRS P FU ot Bifidre Pydrige. g idey alkexiden pidy product ,
a nedi cal deviaeeaqr thmk@rdna|wheﬁlnmnp&1kya c§d’l@(ﬂ<tyl (M’yltzﬁ:ﬂEygl abdtioyed @and the |ike.
Vari ous proces b ese arti cle n-liyting
exampl es of® ?ﬁwl%?eéa (T:%U%gt | ncﬂ?y érouﬁ’ S@Q]tuluf) ORI hrgalfds %T‘So#\r/\vpnrrloio i'ng,

rot ati onal mbmatnlgs filmextrusion, sheet extrusion, profile extrusion,

t her mof gy m ng, Qﬂg’an&ﬁ&al 1d%<f ps %Q%H Nakd % sufd@idd 1\{19§dea5'19 fPOR fihfelgS are
often added to these mers in order to provide beneficial polyner

processi ng Br OEAIPULE gmuwman%lwv%tg@ps EXENpgefigm  groups, orpppesifigfpent i on i s
further :j | | gt&udp, adr@eloddyndnhier £:0hds owgﬁgmegl@ﬂml &%anoWﬁkL SRRl erga@]gtrahﬁtme
construed in S ations to the scope O t

i nvention. WHt |g{\;°ﬁ%5 %’tdﬁllfrlh(gg‘ﬁvé tgom Je%g GIPRAES nodi fi cations, and

equi val ent s t hereehlsaMoniehplatad thetrtherae &alit g ttahetichSabed armypilioaane bcertpeimd may
suggest,4 heng 9(1n¥p?1? 901019&6 RhucPOh AR Yend Kdnlgoouﬂ é&%l%lﬂuc}%tr% a%cege%pa”' ng

fromthe Splrl resent 1 nvention e Scope O e ap ended
cl ai ns. includep/fyt tarerq@é il teathose kareeendrdigatadons). SA/é?ﬁféntpAeaph@ﬁ% 0.as

fol l ows. Snaldgesior aind U%Owat@@cmbhl@ah@l{ YN&NERT09TEBEIMN ERRNHE0WAI earder f or med

on a Rheonetr| Sci ARES r heonet er. us all el - pl ate
geonetry. A&OPb/ ﬁﬁé%‘ﬁl tgf @%fﬁOSYI&Ss‘{f {RBPs MSUPYE PSR r‘ifj%%e mr‘h“ér 208l ex

Vi scosity eDRUANGHNBUMNEGUEOMPRD)S data were then curve fitted using the
modi fieg, three HQEO%[E%E&C o gﬁac%s'm%%%%aofﬁ eséh Enu&f?‘kan%&%’?rﬁse%& btain the

zero shear VISCOSIty - )aracteristic vi Sscous re axation t and
t he breadt wn@aroegﬁma@mlmmaqomwmdm Pysh ichinen@Sagen amiydydsuga netcmlteéﬁw r| cal

nmodel is ascofn@&dn@mviné‘glg formula:
R®)AL
where R is an aliphatic group having from 1 to 10 carbon atoms. For example, R” can be

35  methyl, ethyl, propyl, butyl, hexyl, or isobutyl.



*(W = [1+ 70)1(1-n) | a 25wherein: 177*(01= magni tude of conpl ex shear
viscosity; 770 = zero shear viscosity; r = viscous relaxation tine; a =

"br eadt h"wpanamsten; n= fixes the final power |aw sl opepcCfrivsealoayd72¢ 11; and
30co = angul ar frequency of oscillatory shearing defornmation.

Details of the significance and interpretation of the CY nodel and derived
paraneters may be found in: C A Hi eber 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._Arnmstrong and 0. . 62 sseger, nam cs of Polyneric
Gutds. Vol ume O AR LA 8 A B e B LA 6 e ( 1087)
each of whidlops! hempoppioraicdait ireneilimitiitorcempruedsdevingithe fosndnt i rety. The CY
"a" paraneter (CY-a) is reported R‘RE@)g&m“%m‘)f t he pol yner resins produced
herein. Ml ecul ar weights and nol ecul'ar wei ght distributions were obtained
usi ng a PL Wizer X'5s Spdrasithi: X eftgeplienifedr ahrgtradcotyhaighyr uidtide ey iver

L?bgr ﬁb of | ei:[@()m Y‘%oBbin%l[lsii&h I}@&@&w@zf@m@g 6513;%5)0 Peifl BBy EQLMBIMadictolp #df | ow rate
o] m nu, a tenperature o .

(2, 6- i -t erp e g FLEHG! BrEHoy dr e DALt PR o F Y as used
as a st abi | alizgeyl, araikytlheeal KEGB, araynylngng clieilde avdincindes alf suBGut@l unsetstieéd Wi th a
nom nal pol e I f . D | ution of the sanple in
stabilized %ﬁe&%@%ﬁ@%@f%%?%ﬁ#ﬁ%ﬁ?? éﬁgkt&egk%g&c for 10 5 hours with
occasi onal , gentlh @nagiptcatX dh 2 iiecagwl baving fised towebat Eheaeonpigiest W xed A LS

col ums;( 7. B¥RAAPN RME pMRE e CRlidnDX Bl 8l bl i ff0ad 1) LARAT0RR! Y&t hyl ene
standard (Phillips Marlex(r) BHB 5003) for whi e nol ecul ar wei ght had

ch th !
been det er ni*faRie: X can be mpeliyl jefinla PRgRM: HBINET P FORYy PEeY et A ficdl® obt ai ned
from Uni on iCaethhder Spepattatpramt inThitisn.et hyl ene was then further purified
t hrough a colu of . 1/4-inch beads of .15 Al cga. A201 al unm na,,activated at
wbout 250 ¢ i n merabel o bR S R PhalT s AF Mt LR RS e £ om
Phi |l i ps Pety ohedfmhChipreoyn | w2 cibaneatonfsus hahiee, opuinidfidee dn ipthdi aspdcl ¢fat i on and
then al 50 passREbnt RLAUED 380 GOl BfieplddalynEdh BEAHS A ALERa AK0L al um na,

activated at about 250 Cin nitrogen. The 1-hexene was pol ynerization grade
obt ai ned f rafPeREvfloh ECKERIMCal Conpany, which was further purified by
ni trogen pur gi ngn avdorsitiey AQE),0N €Y., 13X 20aBdranu b 35 ineMeveaaaiditatagd at about
250 C. Tri Ir%cl)sb y.t ¥Lea\|lal[lureri oqlflnmls(n-g! rBe'sAt\)ict% t% b% ba% ?Atgg%rc;i t}]:e}‘e(gorrré, this formula includes
sesquihalide compounds or other organoaluminum cluster compounds.
20 Examples of organocaluminum compounds suitable for use in accordance with the
present invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminum halide compounds, dialkylaluminum alkoxide compounds, dialkylaluminum
hydride compounds, and combinations thereof. Specific non-limiting examples of suitable
organoaluminum compounds include trimethylaluminum (TMA), triethylaluminum (TEA),
25  tri-n-propylaluminum (TNPA), tri-n-butylaluminum (TNBA), triisobutylaluminum (TIBA),
tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum hydride, diethylaluminum
ethoxide, diethylaluminum chloride, and the like, or combinations thereof.
The present invention contemplates a method of precontacting a transition metal
and/or metallocene compound with an organoaluminum compound and an olefin monomer to
30  form a precontacted mixture, prior to contacting this precontacted mixture with an activator-
support to form a catalyst composition. When the catalyst composition is prepared in this
manner, typically, though not necessarily, a portion of the organoaluminum compound is
added to the precontacted mixture and another portion of the organoaluminum compound is

added to the postcontacted mixture prepared when the precontacted mixture is contacted with

35  the solid oxide activator-support. However, the entire organoaluminum compound can be



Al czo Corporation as a one nolar solution in heptane. Al l

pol yneri zations were carried out in a one-gallon stirred reactor. First,

t he reactwo 20mg03punged with nitrogen and heated to abouCIAB2@0/04570€r
cooling to bel ow about 40 C and purging with isobutane vapor, the

nmet al | ocene conpound was charged to t?ﬁ reactor under 25 nitrogen. The
net al | ocene quantity varied based on e netall ocene to activator-support
rati o, but was generally in the 0.1 to 3.5 mlli gram range. Approxi mately
100 ng of the activator- or,

fol loved by SbBarerts™ it iRP et ShelEs fapIRreiECT Py BSre SB5I vot . The
react or wasAlidhenvety, asigdcagahd| comporut adponaabtaqllm%&g@ sief. 1- hexene was i nj ected
into the reacto Furt}-lr\f\omh tﬁz{n orR:f OIJg%‘ {ﬁﬁ (ﬁm@q:gl?%e Q]ﬁ{n elﬁlgl‘ H{eessure
and the reactor was subsequently ated to a out e reactor contents
were m xed RECOTERYNg pithe Frskpiatias fens Wh@rﬁn&éﬁﬂwlww@mp@@éﬂwdd%@ fed on

demand tp maidi@iEpsahEanshi@ ot org@baalhmlﬁﬁr@s&wo@ndqflsc@baamereﬁz&ms @ totdihe react or
was rralntalnedadcon raolled at 9 i

g[Eout (go nute ryn tine of
the pol ynerP4t Gro SO R Eh5 By “SGF & bPE Plﬁ?f’éta&tﬁ %f{nﬂ [8H¥ er e vent ed
fromthe reastues,and g ad@aoblorgawasinopenechpowat eddede ﬂmjoymemamrneb.mt 35was
col |l ected

Synt hosi s op i, B gl SR P AL e b A e SR ot i na
was obt ai netdifgtergaIRMIGEEEEPTHAPHAYe Bahensorgimgluabottcondsnd s uglum na by

wei ght and kpwwingxaasuedapeuanga of about 400 n2/g and a pore vol une of
about 1.2 nil/g. Th| s material was obtained as a powder havi ng an average

particle size of "aBG W)enﬂf’lbF‘Blﬁ‘glplaﬁbﬁr“ﬁtﬁlyﬁﬁf’@?‘?milb@h]@]i‘ &??BCOB’P“%erﬁns nat eri al
were i npr egamammiaw d:0|fhpaunﬁO|ABt tsed) heant @t mirm galatdutan? OfdfersLo afumiaixete and about
10 grans of p\édro gen fluoride sulting in.a da gowd%r havi ng

t he consi stengoun Sana. mﬁ{ures 7 discret%wa%emesh regarfﬂgsée FHBI n-a flat pan
and al | ovxedahtrmnmlyes Lm‘d@rep%ratufameét oraptbfrrmw reetvaley 111@ @afiple, alyealystleé hours.

To cal ciye by os‘ﬁk')gQ&ﬁﬂnsm%gpﬂﬁmlgr&aggﬁﬁﬁo&ﬁ cdnePrepRUHR Wt h ThuiiAe Wer e pl aced
ina l. 75-inc uartz tube fitted w a sintered quartz disk at the
bottom Wi Te¥igeHas (e Raishy ere bl ATpe e erkidsh ‘%H’eW]é}Fl”s%umla‘i”%ane(lﬁ PIVEERH can be
substi t ut edhe dfmlﬁdtl@yom%unﬁl@ﬂﬁ blkgalughlp@na,aﬁﬁ mb@@tﬂfaabm&lmaqs&o&hum was

bl own upvvard thr%{?ﬂh t he di sk at 4 hg |near1 rate g db 15 1.8
standard cub'¢ fée poé‘?ne?loaﬁeraso ATETE P r 5 PHUPREEE oY rourPllauThOéla altz tube
was then turgrecklomnaadst he tenperature was raised at the rate of about 400

C per hgpr to the. dasi LefC @dn%ﬁen@qygl&ﬂ?%fe%%&edo&n@&glaium%ﬁ)f;zan@ nAt this
tenperature, the powder vas all owed di ze for about three hours in

the dry ai rsatupfed dydipseebon eqipopid sebverddpugh 1y calval (s inepbyangalboniree thsd and

stored undekacthl, RicthEAYRR, andNFHodAS bl SRAacW kB0 Wkp @XPBS Usee. tThetd@lyat mospher e.
The fluorided 20silica-al ym na activat i

ort . of le 1.i
Tbor ovl ot et g I el s WRYE B ERE e TR Sath e apout

0. 15: 1. EXAWNPLtn.2 Alternatively, the catalyst composition is introduced into the polymerization

:‘c'u

25  reactor without being isolated.
The aluminoxane compound of this invention can be an oligomeric aluminum
compound comprising linear structures, cyclic structures, or cage structures, or mixtures of all

three. Cyclic aluminoxane compounds having the formula:
~<A|\|—o~f
R
R .

30  wherein R is a linear or branched alkyl having from 1 to 10 carbon atoms, and p is an integer
from 3 to 20, are encompassed by this invention. The AIRO moiety shown here also
constitutes the repeating unit in a linear aluminoxane. Thus, linear aluminoxanes having the

formula:



Synthesis of a sulfated alum na activator-support 25Boehm te was obtai ned
fromWR Gace Conpany under the designation "Alum na A" and having a
surface aweaonfo3ayout 300 nR/ g and a pore vol une of abowmCTAISI0101049y79 Thi s
mat eri al was obtained as a powder having an average particle size of about
100 mcrons. This material was inpregggted to incipient wetness with an
aqueous sol ution of ammoni um sul fate equal about 15% sul fate. This

m xture was then placed in a flat pan and allowed to dry 30under vacuum at
approximately 110 C for about 16 hours. To cal ci ne the support, about
10 grans of this powdered m xture mere Iagﬁb ina 1.75-inch quartz tube
fitted wth a sintered quartz ¢g Mottom Wile the powder was
supported on the disk, air (nitrogg n ca e substltuted) dried by passing
t hrough a 13X nnlecular S|eve colupp was b wn upward t hrough the disk at
the linear rate of about 6 to 351.8 standard cubic feet per hour. An

el ectric furliseseR gradiiprd ot W@CWai%havee &omd de thepor alphe dnbhis 4hthegtie

terrperaturefrd@astorsalmoaﬁcotnbgsgdag,engﬁveatmm 400 C per hour to t he desired
calcining 64t erature of about 600 C. At tF f1 nE“re he powder
N e I

was allowed to i LEMPBFIREEULNE HPES OIS © Yer war d,
t he sul fat e\dheadlmlkhlsneatemvaml tiehl @ btaechedikly] gtoop mizmlgnﬁdelrl ton § canbonrogeR” and was

used witho .unj
not vat or - supt SRR bR TBRAREL S oB0 7 B FRABE B0t hesi s of
a fluori dedng i qsaal (fﬂ)’auzedioal+m>n‘ahea?ewwa$ B nyhspefithree coordinatpalyininua - coat ed

al um na wasx@ht Al pednd hameSasRlo EORPAR XML &lomt N 65 1:0 B thl@ARer ‘oPiar al  28M
cont ai ni ng about 2% al uni na by wei ght and having a Surface area of about

340 10 nR/GOUREC NSO EO Yol une of about 1.6 ml/g. This material was

obt ai neth as a pd\hﬁheraluhﬁmr;zmgs aficaver acgemlmayetlnﬁ ltie> &taZy@t afmpatiit of them cr ons.
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Exampl e283 s abbimhepieadne thvériod conldi1:R1 Gl eRbd & Phndad WnRainfndxbdel €a i n
A-S3 1s aboflfl)ltmu%as %‘{—:J&'I—O)p and R(R-AI-O),AIR,, respectively. In some aspects, p and q are at least
3. However, depending upon how the organoaluminoxane is prepared, stored, and used, the
value of p and ¢ can vary within a single sample of aluminoxane, and such combinations of
organoaluminoxanes are contemplated herein.
30 In preparing a catalyst composition containing an aluminoxane, the molar ratio of the
total moles of aluminum in the aluminoxane (or aluminoxanes) to the total moles of transition

metal and/or metallocene compound (or compounds) in the composition is generally between
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20 Any fluoroorgano boron or fluoroorgano borate compound can be utilized with the
present invention. Examples of fluoroorgano borate compounds that can be used in the
present invention include, but are not limited to, fluorinated aryl borates such as N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, lithium  tetrakis(pentafluorophenyl)borate, N,N-

25  dimethylanilinium tetrakis|3,5-bis(trifluoromethyl)phenyl]borate, triphenylcarbenium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, and the like, or mixtures thereof. Examples of
fluoroorgano boron compounds that can be used as co-catalysts in the present invention
mclude, but are not limited to, tris(pentafluorophenyl)boron, tris[3,5-bis(trifluoromethyl)-
phenyl]boron, and the like, or mixtures thereof. Although not intending to be bound by the

30  following theory, these examples of fluoroorgano borate and fluoroorgano boron compounds,
and related compounds, are thought to form “weakly-coordinating” anions when combined
with organometal or metallocene compounds, as disclosed in U.S. Patent 5,919,983, the
disclosure of which is incorporated herein by reference in its entirety. Applicants also
contemplate the use of diboron, or bis-boron, compounds or other bifunctional compounds

35  containing two or more boron atoms in the chemical structure, such as disclosed in J. Am.



Table I. Property conparison of polynmers produced using A-S2 and A-S3. A-S
Type Mh11000 Mw/ 1000 Mz/ 1000 PDI 770 CY-a AS-2 87.3 212 385 2.42 5. 86E+04
0. 4615 ASWVO 26i1/0879794 PCT/US2010/049779

51

Chem. Soc., 2005, 127, pp. 14756-14768, the content of which is incorporated herein by
reference in its entirety.

Generally, any amount of organoboron compound can be used. According to one
aspect of this invention, the molar ratio of the total moles of organoboron or organoborate

5  compound (or compounds) to the total moles of transition metal and/or metallocene
compound (or compounds) in the catalyst composition is in a range from about 0.1:1 to about
15:1. Typically, the amount of the fluoroorgano boron or fluoroorgano borate compound
used is from about 0.5 moles to about 10 moles of boron/borate compound per mole of
transition metal and/or metallocene compound(s). According to another aspect of this
10  invention, the amount of fluoroorgano boron or fluoroorgano borate compound is from about
0.8 moles to about 5 moles of boron/borate compound per mole of transition metal and/or
metallocene compound(s).
IONIZING IONIC COMPOUNDS
The present invention provides a catalyst composition which can further comprise an
15  ionizing ionic compound. An ionizing ionic compound is an ionic compound that can
function as a co-catalyst to enhance the activity of the catalyst composition. While not
mtending to be bound by theory, it is believed that the ionizing ionic compound is capable of
reacting with a metallocene compound and converting the metallocene into one or more
cationic metallocene compounds, or incipient cationic metallocene compounds. Again, while
20  not intending to be bound by theory, it is believed that the ionizing ionic compound can
function as an ionizing compound by completely or partially extracting an anionic ligand,
possibly a non-alkadienyl ligand, from the metallocene. However, the ionizing ionic
compound is an activator or co-catalyst regardless of whether it is ionizes the metallocene,
abstracts a ligand in a fashion as to form an ion pair, weakens the metal-ligand bond in the
25  metallocene, simply coordinates to a ligand, or activates the metallocene by some other
mechanism.

Further, it is not necessary that the ionizing ionic compound activate the transition
metal and/or metallocene compound only. The activation function of the ionizing ionic
compound can be evident in the enhanced activity of a catalyst composition as a whole, as

30  compared to a catalyst composition that does not contain an ionizing ionic compound.

Examples of ionizing ionic compounds include, but are not limited to, the following
compounds: tri(n-butyl)ammonium  tetrakis(p-tolyl)borate, tri(n-butyl) ammonium
tetrakis(m-tolyl)borate, tri(n-butyl)ammonium tetrakis(2,4-dimethylphenyl)borate, tri(n-
butyl)ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis[3,5-

35  bis(trifluoromethyl)phenyl]borate, tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate,
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activi typ achiRued HstgoRhiBehte Arcpdli@f tfaad3,5-bis(trifluoromethyl)phenyl]borate,

tropylium tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,

lithium tetraphenylborate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,

lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-dimethylphenyl)borate,

lithium tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium

15  tetraphenylborate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium
tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis(3,5-dimethylphenyl)borate, sodium
tetrafluoroborate, potassium tetrakis(pentafluorophenyl)borate, potassium tetraphenylborate,
potassium tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-
dimethylphenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium tetrafluoro-

20  borate, lithium tetrakis(pentafluorophenyl)aluminate, lithium tetraphenylaluminate, lithium
tetrakis(p-tolyl)aluminate,  lithium  tetrakis(m-tolyl)aluminate, lithium tetrakis(2,4-
dimethylphenyl)aluminate, lithium tetrakis(3,5-dimethylphenyl)aluminate, lithium
tetrafluoroaluminate, sodium tetrakis(pentafluorophenyl)aluminate, sodium
tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate, sodium tetrakis(m-tolyl)aluminate,

25  sodium tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-
dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium
tetrakis(pentafluorophenyl)aluminate, potassium tetraphenylaluminate, potassium tetrakis(p-
tolyDaluminate, potassium tetrakis(m-tolyl)aluminate, potassium tetrakis(2,4-
dimethylphenyl)aluminate, potassium tetrakis (3,5-dimethylphenyl)aluminate, potassium

30 tetrafluoroaluminate, and the like, or combinations thereof. Ionizing ionic compounds useful
in this invention are not limited to these; other examples of ionizing ionic compounds are
disclosed in U.S. Patent Nos. 5,576,259 and 5,807,938, the disclosures of which are
mcorporated herein by reference in their entirety.

OLEFIN MONOMERS
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catalyst compositions of this invention include, but are not limited to, ethylene, propylene, 1-

15  butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene,

4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene,

3-heptene, the four normal octenes, the four normal nonenes, the five normal decenes, and the

like, or mixtures of two or more of these compounds. Cyclic and bicyclic olefins, including

but not limited to, cyclopentene, cyclohexene, norbornylene, norbornadiene, and the like, also

20  can be polymerized as described above. Styrene also can be employed as a monomer in the

present invention. In an aspect, the olefin monomer is ethylene; alternatively, the olefin

monomer is propylene.

When a copolymer (or alternatively, a terpolymer) is desired, the olefin monomer can

comprise, for example, ethylene or propylene, which is copolymerized with at least one

25  comonomer. According to one aspect of this invention, the olefin monomer in the

polymerization process comprises ethylene. In this aspect, examples of suitable olefin

comonomers include, but are not limited to, propylene, 1-butene, 2-butene, 3-methyl-1-

butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-

hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, l-octene, 1-decene,

30  styrene, and the like, or combinations thereof. According to one aspect of the present

invention, the comonomer can comprise 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene,
styrene, or a combination thereof.

Generally, the amount of comonomer introduced into a reactor zone to produce the

copolymer is from about 0.01 to about 50 weight percent of the comonomer based on the total

35  weight of the monomer and comonomer. According to another aspect of the present



The MET 3 netal |l ocene conpound can be prepared in accordance with any
sui tabl e net hod. One such technique is described in U S. Patent 7,064, 225,
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much greater for t e catalyst sy tg nti oned above,
| ess net al | yetipelicedplefas %vﬁﬁd ﬁwe@w@wlam;bstevs%/ tersiero bingyresy ictigmped3 t o

provi dejd hexmgangocatb gwﬁém%h bl\()bésé’ ms %ﬂﬁ&he@-ﬁﬂ]o@&%ﬂc wntda(smtt Jufﬁher
| oadi ngs of netall ocene usjn activataor-s ES 8-10

Effect of fFuorf &Enet‘ivaﬁcf]é’ﬁtt?eaﬂafbf}?t C%?Pntdﬂ‘é’lea‘ilf’t”‘?l VP n‘&tbe P’ipﬁ%?dl g Eléldeé |ﬂ”16| ca- coat ed

al um na actdeat8brom-theswyypbat it sdtbe olefin substituents situated more proximate to the carbon-
carbon double bond might. According to one aspect of the present invention, at least one
monomer/reactant is ethylene, so the polymerizations are either a homopolymerization
15  involving only ethylene, or copolymerizations with a different acyclic, cyclic, terminal,
internal, linear, branched, substituted, or unsubstituted olefin. In addition, the catalyst
compositions of this invention can be used in the polymerization of diolefin compounds
including, but not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.
POLYMERIZATION PROCESS
20 Catalyst compositions of the present invention can be used to polymerize olefins to
form homopolymers, copolymers, terpolymers, and the like. One such olefin polymerization
process comprises contacting a catalyst composition with at least one olefin monomer and
optionally at least one olefin comonomer under polymerization conditions to produce an
olefin polymer, wherein the catalyst composition comprises at least one transition metal or
25  metallocene compound and at least one activator-support. The at least one activator-support
comprises at least one silica-coated alumina treated with at least one electron-withdrawing
anion, wherein the at least one silica-coated alumina generally has a weight ratio of alumina
to silica in a range from about 1:1 to about 100:1. The at least one electron-withdrawing
anion can comprise fluoride, chloride, bromide, phosphate, triflate, bisulfate, sulfate, and the
30  like, or any combination thereof.
Often, a catalyst composition of the present invention, employed in an olefin
polymerization process, may further comprise at least one organoaluminum compound.
Suitable organoaluminum compounds can include, but are not limited to, trimethylaluminum,

triethylaluminum, tri-n-propylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-n-
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reactors. The polymerization conditions for the various reactor types are well known to those
of skill in the art. 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. For instance, the polymerization
reaction can be conducted in a gas phase reactor, a loop reactor, a stirred tank reactor, or a
combination thereof. 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.

Polymerization reactor systems of the present invention may comprise one type of
reactor in a system or multiple reactors of the same or different type. Production of polymers
m multiple reactors may include several stages in at least two separate polymerization
reactors interconnected by a transfer device making it possible to transfer the polymers
resulting from the first polymerization reactor into the second reactor. The desired
polymerization conditions in one of the reactors may be different from the operating
conditions of the other reactors. Alternatively, polymerization in multiple reactors may
mclude the manual transfer of polymer from one reactor to subsequent reactors for continued
polymerization. Multiple reactor systems may include any combination including, but not
limited to, multiple loop reactors, multiple gas reactors, a combination of loop and gas
reactors, multiple high pressure reactors or a combination of high pressure with loop and/or
gas reactors. The multiple reactors may be operated in series or in parallel.

According to one aspect of the invention, the polymerization reactor system may
comprise at least one loop slurry reactor comprising vertical or horizontal loops. Monomer,
diluent, catalyst, and optionally any comonomer may be continuously fed to a loop reactor
where polymerization occurs. Generally, continuous processes may comprise the continuous
introduction of monomer/comonomer, 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
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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.

5 A typical slurry polymerization process (also known as the particle form process), is
disclosed, for example, in U.S. Patent Nos. 3,248,179, 4,501,885, 5,565,175, 5,575,979,
6,239,235, 6,262,191, and 6,833,415, each of which is incorporated by reference in its entirety
herein.

Suitable diluents used in slurry polymerization include, but are not limited to, the

10  monomer being polymerized and hydrocarbons that are liquids under reaction conditions.
Examples of suitable diluents include, but are not limited to, hydrocarbons such as propane,
cyclohexane, isobutane, n-butane, n-pentane, isopentane, neopentane, and n-hexane. Some
loop polymerization reactions can occur under bulk conditions where no diluent is used. An
example is polymerization of propylene monomer as disclosed in U.S. Patent Nos. 5,455,314,

15 which is incorporated by reference herein in its entirety.

According to yet another aspect of this invention, 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

20  withdrawn from the fluidized bed and recycled back into the reactor. Simultaneously,
polymer product may be withdrawn from the reactor and new or fresh monomer may be
added to replace the polymerized monomer. Such gas phase reactors may comprise a process
for multi-step gas-phase polymerization of olefins, in which olefins are polymerized in the
gaseous phase in at least two independent gas-phase polymerization zones while feeding a

25  catalyst-containing polymer formed in a first polymerization zone to a second polymerization
zone. One type of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4588,790, and
5,436,304, each of which is incorporated by reference in its entirety herein.

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

30  several zones where fresh monomer, initiators, or catalysts are added. Monomer may be
entrained in an inert gaseous stream and introduced at one zone of the reactor. Initiators,
catalysts, and/or catalyst components may be entrained in a gaseous stream and introduced at
another zone of the reactor. The gas streams may be intermixed for polymerization. Heat and
pressure may be employed appropriately to obtain optimal polymerization reaction

35  conditions.
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Polymerization reactors suitable for the present invention 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 invention may further comprise systems for feedstock purification, catalyst
15  storage and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle,
storage, loadout, laboratory analysis, and process control.
Conditions that are controlled for polymerization efficiency and to provide desired
polymer properties include temperature, pressure, and the concentrations of various reactants.
Polymerization temperature can affect catalyst productivity, polymer molecular weight, and
20  molecular weight distribution. Suitable polymerization temperature may be any temperature
below the de-polymerization temperature according to the Gibbs Free energy equation.
Typically, this includes from about 60 °C to about 280 °C, for example, or from about 60 °C
to about 110 °C, depending upon the type of polymerization reactor. In some reactor systems,
the polymerization temperature can be within a range from about 70 °C to about 100 °C, or
25  from about 75 °C to about 90 °C.
Suitable pressures will also vary according to the reactor and polymerization type.
The pressure for liquid phase polymerizations in a loop reactor is typically less than 1000
psig. Pressure for gas phase polymerization is usually at about 200 to 500 psig. High
pressure polymerization in tubular or autoclave reactors is generally run at about 20,000 to
30 75,000 psig. Polymerization reactors can also be operated in a supercritical region occurring
at generally higher temperatures and pressures. Operation above the critical point of a
pressure/temperature diagram (supercritical phase) may offer advantages.
According to one aspect of this invention, the ratio of hydrogen to the olefin

monomer in the polymerization process can be controlled. This weight ratio can range from 0
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ppm to about 10,000 ppm of hydrogen, based on the weight of the olefin monomer. For
instance, the reactant or feed ratio of hydrogen to olefin monomer can be controlled at a
weight ratio which falls within a range from about 10 ppm to about 7500 ppm, from about 10
ppm to about 5000 ppm, or from about 10 ppm to about 1000 ppm.

5 It is also contemplated that monomer, comonomer (or comonomers), and/or hydrogen
can be periodically pulsed to the reactor, for instance, in a manner similar to that employed in
U.S. Patent No. 5,739,220 and U.S. Patent Publication No. 2004/0059070, the disclosures of
which are incorporated herein by reference in their entirety.

In ethylene polymerizations, the feed ratio of hydrogen to ethylene monomer,

10 irrespective of comonomer(s) employed, generally is controlled at a weight ratio within a
range from about 0 ppm to about 1000 ppm, but the specific weight ratio target can depend
upon the desired polymer molecular weight or melt index (MI). For ethylene polymers
(homopolymers, copolymers, etc.) having a MI around 1 g/10 min, the weight ratio of
hydrogen to ethylene typically can fall within a range from about 5 ppm to about 300 ppm,

15  such as, for example, from about 10 ppm to about 250 ppm, or from about 10 ppm to about
200 ppm.

The concentration of the reactants entering the polymerization reactor can be
controlled to produce resins with certain physical and mechanical properties. The proposed
end-use product that will be formed by the polymer resin and the method of forming that

20  product ultimately can determine the desired polymer properties and attributes. 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.

25 This invention also is directed to, and encompasses, the olefin polymers produced by
any of the polymerization processes disclosed herein. Articles of manufacture can be formed
from, and can comprise, the olefin polymers produced in accordance with this invention.
POLYMERS AND ARTICLES

If the resultant polymer produced in accordance with the present invention is, for

30  example, a polymer or copolymer of ethylene, its properties can be characterized by various
analytical techniques known and used in the polyolefin industry. Articles of manufacture can
be formed from, and can comprise, the ethylene polymers of this invention, whose typical
properties are provided below.

Polymers of ethylene (homopolymers, copolymers, terpolymers, etc.) produced in

35  accordance with this invention generally have a melt index from about 0.01 to about 100 g/10
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polymer of the present invention can have a melt index in a range from about 0.5 to about 10,

or from about 0.5 to about 6 g/10 min.

5 The density of ethylene-based polymers produced using one or more transition metal
and/or metallocene compounds and activator-supports of the present invention typically falls
within the range from about 0.87 to about 0.97 g/cm’. In one aspect of this invention, the
density of an ethylene polymer is in a range from about 0.89 to about 0.96 g/em’. Yet, in
another aspect, the density is in a range from about 0.90 to about 0.95 g/cm’, such as, for

10 example, from about 0.91 to about 0.94 g/cm’.
In one aspect, polymers of the present invention (¢.g., ethylene-based homopolymers,
copolymers, etc.) can have low levels of long chain branching, with typically less than about
10 long chain branches (LCB) per million total carbon atoms. In some aspects, the number of
long chain branches per million total carbon atoms is less than about 9; alternatively, less than
15 about 8; alternatively, less than about 7; alternatively, less than about 6; or alternatively, less
than about 5, LCB per million total carbon atoms. Furthermore, polymers of the present
invention can have less than about 4, less than about 3, or less than about 2, LCB per million
total carbon atoms, in other aspects of this invention. For example, olefin polymers of the
present invention can have about 1 LCB per million total carbon atoms, or less than about 1
20  LCB per million total carbon atoms.
In accordance with another aspect of the present invention, a polymer produced using
a catalyst composition employing a silica-coated alumina activator support — for instance,
fluorided silica-coated alumina — may result in a significant decrease in LCB content, for
instance, as compared to a polymer produced using a catalyst composition employing a
25  conventional silica-alumina activator-support — for instance, fluorided silica-alumina — having
an alumina to silica weight ratio of from about 0.05:1 to about 0.25:1. The number of LCB’s
m a polymer produced using a catalyst composition of the present invention can be less than
about 70% of the number of LCB’s in a polymer produced using a comparable catalyst
composition containing a conventional silica-alumina activator-support (i.e., at the same
30  reaction conditions, using the same other catalyst components, same anion chemical
treatment, etc.). For instance, the number of LCB’s in a polymer produced using a catalyst
composition of the present invention can be less than about 50%, or less than about 35%, of
the number of LCB’s in a polymer produced using a comparable catalyst composition

containing a conventional silica-alumina activator-support.
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con‘pound 1f5iorided silica-coated alumina — may result in a significant i 1ncrease in the CY-a parameter,
for instance, as compared to a polymer produced using a catalyst composition employing a
25  conventional silica-alumina activator-support — for instance, fluorided silica-alumina — having
an alumina to silica weight ratio of from about 0.05:1 to about 0.25:1. The CY-a parameter
for a polymer produced using a catalyst composition of the present invention can at least
about 10% greater than the CY-a parameter for a polymer produced using a comparable
catalyst composition containing a conventional silica-alumina activator-support (i.e., at the
30 same reaction conditions, using the same other catalyst components, same anion chemical
treatment, etc.). For instance, the CY-a parameter for a polymer produced using a catalyst
composition of the present invention can be at least about 20%, at least about 30%, or at least

about 50%, greater than the CY-a parameter for a polymer produced using a comparable

catalyst composition containing a conventional silica-alumina activator-support.



Exanpl e Activator-Support Alumna to Silica Ratio Activity (based on A-S)
CY-a Tan Delta 18 Sulfated Al um na Al um na 1270 0.4020 14.43 19 Fl uori ded
Al um na AVOrDNz037971 PCT/US2010/049779

61

Polymers of ethylene, whether homopolymers, copolymers, terpolymers, and so forth,
can be formed into various articles of manufacture. Articles which can comprise polymers of
this invention can include, but are not limited to, an agricultural film, an automobile part, a
bottle, a drum, a fiber or fabric, a food packaging film or container, a food service article, a

5 fuel tank, a geomembrane, a household container, a liner, a molded product, a medical device
or material, a pipe, a sheet or tape, a toy, and the like. Various processes can be employed to
form these articles. Non-limiting examples of these processes include injection molding,
blow molding, rotational molding, film extrusion, sheet extrusion, profile extrusion,
thermoforming, and the like. Additionally, additives and modifiers are often added to these

10  polymers in order to provide beneficial polymer processing or end-use product attributes.
EXAMPLES

The invention is further illustrated by the following examples, which are not to be
construed in any way as imposing limitations to the scope of this invention. Various other
aspects, embodiments, modifications, and equivalents thereof which, after reading the

15  description herein, may suggest themselves to one of ordinary skill in the art without
departing from the spirit of the present invention or the scope of the appended claims.

Melt rheological characterizations were performed as follows. Small-strain (10%)
oscillatory shear measurements were performed on a Rheometrics Scientific, Inc. ARES
rheometer using parallel-plate geometry. All rheological tests were performed at 190°C. The

20  complex viscosity |n7* versus frequency (w) data were then curve fitted using the modified
three parameter Carreau-Yasuda (CY) empirical model to obtain the zero shear viscosity — 7,
characteristic viscous relaxation time — 7, and the breadth parameter — a. The simplified

Carreau-Yasuda (CY) empirical model is as follows.

o
[n*(w)| = :
[1 + (Z_Ua))a](l—n)/a
25  wherein: | 7*(w) | = magnitude of complex shear viscosity;

170 = zero shear viscosity;
7, = viscous relaxation time;
a = “breadth” parameter;
n = fixes the final power law slope, fixed at 2/11; and
30 @ = angular frequency of oscillatory shearing deformation.
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.
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Hasseger, Dynamics of Polymeric Liquids, Volume 1, Fluid Mechanics, 2nd Edition, John
Wiley & Sons (1987); each of which is incorporated herein by reference in its entirety. The

CY “a” parameter (CY-a) is reported for some of the polymer resins produced herein.
Molecular weights and molecular weight distributions were obtained using a PL 220
5  SEC high temperature chromatography unit (Polymer Laboratories) with trichlorobenzene
(TCB) as the solvent, with a flow rate of 1 mL/minute at a temperature of 145 °C. BHT
(2,6-di-tert-butyl-4-methylphenol) at a concentration of 0.5 g/L was used as a stabilizer in the
TCB. An injection volume of 200 uL was used with a nominal polymer concentration of 1.5
mg/mL. Dissolution of the sample in stabilized TCB was carried out by heating at 150 °C for
10 5 hours with occasional, gentle agitation. The columns used were three PLgel Mixed A LS
columns (7.8x300mm) and were calibrated with a broad linear polyethylene standard (Phillips

Marlex® BHB 5003) for which the molecular weight had been determined.

Ethylene was polymerization grade ethylene obtained from Union Carbide

Corporation. This ethylene was then further purified through a column of Y4-inch beads of

15  Alcoa A201 alumina, activated at about 250 °C in nitrogen. Isobutane was polymerization
grade obtained from Phillips Petroleum Company, which was further purified by distillation
and then also passed through a column of %-inch beads of Alcoa A201 alumina, activated at
about 250 °C in nitrogen. The 1-hexene was polymerization grade obtained from Chevron
Chemical Company, which was further purified by nitrogen purging and storage over 13X

20  molecular sieve activated at about 250 °C. Triisobutylaluminum (TIBA) was obtained from
Akzo Corporation as a one molar solution in heptane.

All polymerizations were carried out in a one-gallon stirred reactor. First, the reactor
was purged with nitrogen and heated to about 120 °C. After cooling to below about 40 °C and
purging with isobutane vapor, the metallocene compound was charged to the reactor under

25  nitrogen. The metallocene quantity varied based on the metallocene to activator-support ratio,
but was generally in the 0.1 to 3.5 milligram range. Approximately 100 mg of the activator-
support (A-S) were then added to the reactor, followed by about 0.3 mL of 1M
triisobutylaluminum (TIBA) co-catalyst. The reactor was then closed and, if noted, about 48
g of 1-hexene was injected into the reactor. Two liters of isobutane were added under

30  pressure, and the reactor was subsequently heated to about 90 °C. The reactor contents were
mixed at 700 rpm. Ethylene was then added to the reactor and fed on demand to maintain a
constant total pressure of about 420 psig. The reactor was maintained and controlled at 90 °C
throughout the 60-minute run time of the polymerization. Upon completion, the isobutane
and ethylene were vented from the reactor, the reactor was opened, and the polymer product

35  was collected and dried.
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EXAMPLE 1

Synthesis of a fluorided silica-alumina activator-support

A silica-alumina was obtained from W.R. Grace Company containing about 13%
5  alumina by weight and having a surface area of about 400 m%g and a pore volume of about
1.2 mL/g. This material was obtained as a powder having an average particle size of about 70
microns. Approximately 100 grams of this material were impregnated with a solution
containing about 200 mL of water and about 10 grams of ammonium hydrogen fluoride,
resulting in a damp powder having the consistency of wet sand. This mixture was then placed

10 in a flat pan and allowed to dry under vacuum at approximately 110 °C for about 16 hours.

To calcine the support, about 10 grams of this powdered mixture were placed in a
1.75-inch quartz tube fitted with a sintered quartz disk at the bottom. While the powder was
supported on the disk, air (nitrogen can be substituted) dried by passing through a 13X
molecular sieve column, was blown upward through the disk at the linear rate of about 1.6 to

15 1.8 standard cubic feet per hour. An electric furnace around the quartz tube was then turned
on and the temperature was raised at the rate of about 400 °C per hour to the desired calcining
temperature of about 450 °C. At this temperature, the powder was allowed to fluidize for
about three hours in the dry air. Afterward, the fluorided silica-alumina was collected and
stored under dry nitrogen, and was used without exposure to the atmosphere. The fluorided

20  silica-alumina activator-support of Example 1 is abbreviated A-S1. The weight ratio of
alumina to silica in A-S1 is about 0.15:1.

EXAMPLE 2

Synthesis of a sulfated alumina activator-support

25 Boehmite was obtained from W.R. Grace Company under the designation “Alumina
A” and having a surface area of about 300 m*/g and a pore volume of about 1.3 mL/g. This
material was obtained as a powder having an average particle size of about 100 microns. This
material was impregnated to incipient wetness with an aqueous solution of ammonium sulfate
to equal about 15% sulfate. This mixture was then placed in a flat pan and allowed to dry

30  under vacuum at approximately 110 °C for about 16 hours.

To calcine the support, about 10 grams of this powdered mixture were placed in a
1.75-inch quartz tube fitted with a sintered quartz disk at the bottom. While the powder was
supported on the disk, air (nitrogen can be substituted) dried by passing through a 13X
molecular sieve column, was blown upward through the disk at the linear rate of about 1.6 to

35 1.8 standard cubic feet per hour. An electric furnace around the quartz tube was then turned

on and the temperature was raised at the rate of about 400 °C per hour to the desired calcining
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temperature FTIR study,” in Applied Catalysis A: General 196 (2000) 247-260, the disclosure
of which is incorporated herein by reference in its entirety. The Siral 28M was first calcined
15  at about 600 °C for approximately 6 hours, then impregnated to incipient wetness with a 10%
ammonium bifluoride solution in methanol. This mixture was then placed in a flat pan and
allowed to dry under vacuum at approximately 110 °C for about 16 hours.
To calcine the support, about 10 grams of this powdered mixture were placed in a
1.75-inch quartz tube fitted with a sintered quartz disk at the bottom. While the powder was
20  supported on the disk, air (nitrogen can be substituted) dried by passing through a 13X
molecular sieve column, was blown upward through the disk at the linear rate of about 1.6 to
1.8 standard cubic feet per hour. An electric furnace around the quartz tube was then turned
on and the temperature was raised at the rate of about 400 °C per hour to the desired calcining
temperature of about 600 °C. At this temperature, the powder was allowed to fluidize for
25  about three hours in the dry air. Afterward, the fluorided silica-coated alumina was collected
and stored under dry nitrogen, and was used without exposure to the atmosphere. The
fluorided silica-coated alumina activator-support of Example 3 is abbreviated A-S3. The
weight ratio of alumina to silica in A-S3 is about 2.6:1.
EXAMPLE 4
30  Comparison of polymerization catalyst activity using MET I and the activator-supports of
Examples 1-3
The metallocene compound of Example 4, abbreviated “MET 1,” has the following
structure (Ph = Phenyl; t-Bu = tert-butyl):
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The MET 1 metallocene compound can be prepared in accordance with any suitable

method. One such technique is described in U.S. Patent Publication No. 2007-0179044, the
5  disclosure of which is incorporated herein by reference in its entirety.

The activator-supports of Examples 1-3 were charged in separate experiments to the
reactor with various levels of MET 1, along with a constant amount of TIBA co-catalyst. No
hexene was introduced. FIG. 1 illustrates the resultant polymerization catalyst activity for
each of the three activator-supports, as a function of MET 1 to activator-support ratio. The

10 activity is measured in units of grams of polyethylene produced per gram of A-S per hour.
The MET 1 concentration varied from about 5 to about 20 micromoles of MET 1 per gram of
the A-S. FIG. 1 demonstrates that A-S3 provided better catalyst activity at low MET 1
levels, far superior to that of A-S1 and almost twice that of A-S2. Hence, less metallocene
would be needed in a catalyst system employing A-S3 to provide the same catalyst activity

15  achieved with a higher loading of metallocene with the A-S2 activator-support. Since the
metallocene compound employed in a polymerization catalyst system can be an expensive
component, reducing the amount of metallocene can be a significant benefit. FIG. 1 also
indicates that the activity using A-S3 was comparable to that of A-S2 at the highest
metallocene loading.

20 FIG. 2 illustrates the same polymerization catalyst activity data, but instead, the
activity is measured in units of grams of polyethylene produced per gram of MET 1 per hour.
The catalyst activity using A-S2 is relatively constant across the MET 1 concentration range
from about 5 to about 20 micromoles of MET 1 per gram of A-S. The higher catalyst activity
of a system employing A-S3 at lower MET 1 loadings is also evidenced in FIG. 2.

25 The molecular weight and other properties of the polymer resins produced using A-S3
are compared to those produced using A-S2, at a Met 1 loading of 3.5 mg per 100 grams of
the activator-support, in Table I below. The polymer produced using A-S3 had a lower
molecular weight than that produced using A-S2.
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Table I. Property comparison of polymers produced using A-S2 and A-S3.

A-S Type Mn/1000 | Mw/1000 | Mz/1000 | PDI o CY-a
AS-2 87.3 212 385 2.42 | 5.86E+04 | 0.4615
AS-3 67.7 194 346 2.86 | 4.36E+04 | 0.4930

Notes on Table I:
- Mn — number-average molecular weight.
5 - Mw — weight-average molecular weight.
- Mz — z-average molecular weight.
- PDI — polydispersity index, Mw/Mn.
- 1o — zero shear viscosity at 190 °C.
- CY-a — Carreau-Yasuda breadth parameter.

10
EXAMPLE 5
Comparison of polymerization catalyst activity using MET 2 and the activator-supports of
Examples 1-3
15 The metallocene compound of Example 5 was bis(n-butylcyclopentadienyl) hafnium

dichloride (abbreviated “MET 2”), which can be prepared in accordance with any suitable
method for synthesizing metallocene compounds.
The activator-supports of Examples 1-3 were charged in separate experiments to the
reactor with various levels of MET 2, along with a constant amount of TIBA co-catalyst. For
20  Example 5, the reactor was maintained and controlled at 95 °C throughout the 60-minute run
time of the polymerization. No hexene was introduced. FIG. 3 compares the resultant
polymerization catalyst activity for each of the three activator-supports, as a function of MET
2 to activator-support ratio. The activity is measured in units of grams of polyethylene
produced per gram of A-S per hour. The MET 2 concentration varied from about 5 to about
25 40 micromoles of MET 2 per gram of the A-S. FIG. 3 demonstrates that A-S3 provided over
twice the catalyst activity at all metallocene loading levels when compared to the catalyst
activity achieved using either A-S1 or A-S2.
FIG. 4 illustrates the same polymerization catalyst activity data, but instead, the
activity is measured in units of grams of polyethylene produced per gram of MET 2 per hour.
30  Not only is the catalyst activity at all MET 2 loadings (micromoles MET 2 per gram of A-S)
higher for the catalyst system containing A-S3, but the activity at the lowest metallocene
loading is over 100,000 grams of polyethylene (per gram of MET 2 per hour) higher than that
activity of the catalyst systems using either A-S1 or A-S2. Thus, less metallocene can be
used in a catalyst system employing A-S3 to provide the same catalyst activity as that
35  achieved with much higher loadings of metallocene using either the A-S1 or A-S2 activator-

supports.
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EXAMPLE 6
Effect of precontacting on the polymerization catalyst activity of a catalyst system containing
MET 2 and A-S3
5 FIG. 5 compares the grams of polyethylene produced per hour for a precontacted
catalyst system and for a catalyst system which was not precontacted. The polymerization
procedure used for the catalyst system which was not precontacted was substantially the same
as that employed in Example 5. In this case, however, a fixed quantity of about 0.3
milligrams of MET 2 was used. For the precontacted catalyst system, the MET-2, A-S3 and
10 TIBA were first mixed in a separate vessel for about 30 minutes before being introduced into
the reactor and exposed to ethylene. As shown in FIG. 5, the precontacted catalyst system
gave a significant improvement in polymerization activity versus the catalyst system which
was not precontacted.
EXAMPLE 7
15 Comparison of polymerization catalyst activity using MET 3 and the activator-supports of
Examples 2-3
The metallocene compound of Example 7, abbreviated “MET 3,” has the following
structure:

20

The MET 3 metallocene compound can be prepared in accordance with any suitable

method. One such technique is described in U.S. Patent 7,064,225, the disclosure of which is
25  incorporated herein by reference in its entirety.

The activator-supports of Examples 2-3 were charged in separate experiments to the
reactor with various levels of MET 3, along with a constant amount of TIBA co-catalyst. No
hexene was introduced. FIG. 6 compares the resultant polymerization catalyst activity for A-
S2 and A-S3, as a function of MET 3 to activator-support ratio. The activity is measured in

30  units of grams of polyethylene produced per gram of A-S per hour. The MET 3 concentration
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varied from about 5 to about 120 micromoles of MET 3 per gram of the A-S. FIG. 6
demonstrates that A-S3 provided higher catalyst activity at lower metallocene loadings on the
activator-support as compared to A-S2.

FIG. 7 illustrates the same polymerization catalyst activity data, but instead, the

5 activity is measured in units of grams of polyethylene produced per gram of MET 3 per hour.

At metallocene loadings of about 60 and above (micromoles MET 3 per gram of A-S), the

activities of catalyst systems containing A-S2 and A-S3 appeared very similar. However, at

low metallocene loadings, the catalyst activity was much greater for the catalyst system

employing A-S3. As mentioned above, less metallocene can be used in a catalyst system

10  employing A-S3 to provide the same catalyst activity as that achieved with much higher
loadings of metallocene using the A-S2 activator-support.

EXAMPLES 8-10

Lffect of fluoride concentration on the activity of fluorided silica-coated alumina activator-
supports
15
The silica-coated alumina support used in Examples 8-10 was the same as the high

alumina content silica-coated alumina employed in Example 3, containing about 72% alumina
by weight. For Examples 8-10, this uncalcined material was impregnated to incipient wetness
with a 5%, a 10%, or a 15% ammonium bifluoride solution in methanol, followed by
20  calcining at a temperature of about 600 °C for about three hours, in the manner described in
Example 3.
Ethylene polymerizations were conducted as described in Example 7, except that in
this case, the loading of MET 3 was fixed at 3.5 milligrams per 100 g of the activator-support.
Table II summarizes the catalyst activity data for Examples 8-10. For this set of
25 conditions, the fluoride level at about 10 weight percent NH,HF, provided the highest catalyst
activity. The results in Table II also indicate that precalcining the silica-coated alumina
support before the fluoride treatment also can provide an activity improvement. For instance,
the catalyst activities in FIGS. 6-7, using a precalcined support, were significantly higher than
that achieved with Example 9, which did not precalcine the support prior to the fluoride
30  treatment.

Table II. Examples 8-10 using the MET 3 metallocene compound.

Example Fluoride Activity Activity
Added (based on A-S) (based on MET 3)
8 5% 2433 41.7
9 10% 3129 55.4
10 15% 1833 31.4
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(based on Mdika3yed38 Example 17 was W.R. Grace Company grade 952 silica. The silica-coated
aluminas used in Examples 12-15 were obtained from Sasol, each made by the same
technique, but with a different alumina to silica weight ratio.
Each support was first precalcined at 600 °C, then impregnated with 10% ammonium
20  bifluoride in methanol, then calcined again at 600 °C, in the manner described in Example 3.
Ethylene polymerizations were conducted as described in Example 7 (e.g., 100 mg A-S, 0.3
mmol TIBA), except that in this case, the loading of MET 3 was fixed at approximately 3.5
mg, and about 48 grams of 1-hexene were charged to the reactor.
As shown in Table I11, the catalyst activities of Examples 12-15 were superior to the
25  catalyst activities of Examples 11 and 16-17. Due to the excess of MET 3 that was used, the
activities based on the amount of MET 3 that was employed, in units of kilograms of

polyethylene per gram of MET 3 per hour, are low.

Table II1. Examples 11-17 using the MET 3 metallocene compound.

30
Example Alumina to Activity Activity
Silica Ratio (based on A-S) (based on MET 3)

11 Alumina 1688 46
12 19:1 2109 74
13 4:1 5291 192
14 2.6:1 6300 200
15 1.5:1 7295 174
16 0.15:1 60 6

17 Silica 0 0
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Notes on Table I11:

- The alumina to silica ratio is the weight ratio in the silica-alumina or silica-coated

alumina support.

- Activity based on the A-S is in units of grams of polyethylene per gram of A-S per

: - Activi{l}? 1‘ti){a'sed on MET 3 is in units of kilograms of polyethylene per gram of MET
3 per hour.
EXAMPLES 18-24
10 Catalyst compositions containing MET 3 and silica-coated alumina activator-supports with
single and dual anions

The metallocene compound, MET 3, was used in Examples 18-24. Table IV lists the
activator-supports employed in Examples 18-24, and the respective catalyst activity, CY-a

15  parameter, and Tan Delta (at 0.1/sec) for each example. The sulfated alumina in Example 18
was prepared in the same manner as in Example 2. The fluorided alumina in Example 19 was
prepared as in Example 1, except that the support was “Alumina A” from W.R. Grace
Company.

The chlorided alumina in Example 20 was prepared as follows. Approximately 10

20  grams of “Alumina A” from W.R. Grace Company was placed in a 2-inch quartz tube
suspended on a sintered glass frit. Nitrogen was passed up through the alumina bed at a rate
of 0.1 ft/sec. An electric furnace around the quartz tube was turned on and the temperature
was raised to about 600 °C over 1.5 hours, then about 1 mL of CCl, liquid was injected and
evaporated into the nitrogen stream, and contacted with the alumina bed. The calcining step

25  was continued for 2 hours, then the chlorided alumina was cooled and stored without
exposure to the atmosphere.

The fluorided silica-alumina in Example 21 was prepared as in Example 1. The
fluorided silica-coated alumina in Example 22 was prepared as in Example 3. The dual anion
silica-coated aluminas in Examples 23-24 were prepared as follows. The Siral 28M silica-

30  coated alumina of Example 3 was used for Examples 23-24, after being first calcined in air at
600 °C. For the sulfated-fluorided activator-support, approximately 10 grams of calcined
silica-coated alumina was slurried in methanol containing about 0.5 grams of ammonium
bifluoride and about 0.8 grams of sulfuric acid. The methanol was then vaporized off, and the
dried support was calcined in nitrogen at 600 °C for three hours. The phosphated-fluorided

35  activator-support was prepared using the same procedure, except that 0.8 grams of phosphoric

acid was used in place of the sulfuric acid.
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Ethylene polymerizations were conducted as described in Example 7 (e.g., 100 mg A-
S, 0.3 mmol TIBA), except that in this case, the loading of MET 3 was fixed at approximately
3.5 mg, and about 48 grams of 1-hexene were charged to the reactor.
As shown in Table IV, the catalyst activities of Examples 22-24 were superior to the
5 catalyst activities of Examples 18-21. The CY-a parameter in Table IV can be an indicator of
LCB content. Examples 22-24 show significant increases in the CY-a parameter as compared
to Example 21.
Tan delta is the loss modulus divided by the storage modulus at a shear frequency.
The data in Table IV was taken at a low shear frequency of 0.1/sec. Tan delta can be
10 sensitive to the effects of LCB. Generally, higher tan delta means that the polymer relaxes
easily, with little storage of the strain, and that the polymer has relatively lower LCB,
assuming all other considerations are equal (e.g., molecular weight, molecular weight
distribution, etc.).

Table IV. Examples 18-24 using the MET 3 metallocene compound.

15
Example Activator-Support Alumina to Activity CY-a Tan
Silica Ratio | (based on A-S) Delta
18 Sulfated Alumina Alumina 1270 0.4020 | 14.43
19 Fluorided Alumina Alumina 3110 0.1980 4.12
20 Chlorided Alumina Alumina 362 0.1334 1.53
21 Fluorided Silica- 0.15:1 1612 0.1727 7.05
Alumina
22 Fluorided Silica-Coated 2.6:1 6349 0.2204 5.44
Alumina
23 Sulfated+Fluorided 2.6:1 4936 0.3148 9.99
Silica-Coated Alumina
24 Phosphated-+Fluorided 2.6:1 5129 0.2940 8.79
Silica-Coated Alumina
Notes on Table IV:
- The alumina to silica ratio is the weight ratio in the silica-alumina or silica-coated
alumina support.
20 - Activity based on the A-S is in units of grams of polyethylene per gram of A-S per

hour.
- CY-a — Carreau-Yasuda breadth parameter.
EXAMPLES 25-32
25  Catalyst compositions containing MET 4 and silica-coated alumina activator-supports with
single and dual anions
The metallocene compound of Examples 25-32 was ethylene bis-indenyl zirconium
dichloride (abbreviated “MET 4”), which can be prepared in accordance with any suitable

30  method for synthesizing metallocene compounds.



1. A catal yst conposition conprising: (a) at least one transition
nmet al conpound or netall ocene conpound; and 5(b) at |east one

acti vat orweuppasry7i wherein the at | east one acti vRCOUSSUPORITTI
conprises at |least one silica-coated alumna treated with at |east one
el ectron-w t hdrawi ng ani on, wherein: the at |east one silica-coated

al um na has a weight ratio of alum na’to silicain a range from about 1:1
to about 100:1, and 10the at |east one el ectron-w thdraw ng anion conprises

fluoride, chlori hosphat e ate sulfate or
any conbi nation fﬁrgr et S%?Ch"laﬁoé's'é‘{é?%leﬁ/@oy% H%S%nqlfis %agfan(ifk‘ﬁFeﬁ? "™wher ei n
the wei ght catysiocofty A Gaparando, agd Tind2elth &1t §.ivs@) foangeekmpln Blpcutva@r-1 t o about
20: 1. 3. Tﬁﬁpoﬁg'{)@ﬁ%ﬁl 1e§ Qﬁppé,fdtzb(%? v&%ﬁe &é&}e@agilst%{ ﬁ!‘/ ?Es%flet?veaatct;l\JaB?St one

acti vat or - support ri ses east one silica-coated alumna treated
with at |ea%lpp0ﬁmE@n@&ﬁrl%r%4 whhetpdiesabiadguaricd Al ming nEEYIeledt nvat repagd | east t wo
el ect rons Wi i helaawh REiland BRspeOIPL4, SRefthHaorAIgignaANd R @8 RMGE® Cobbugr | de and
sul fate, chloride and .?sphat e, chloride and sulfate, triflate and

sul fate, orFMFPEPe™N ¥ phosphate. 4. The catal yst conposition of claim
1, wherein the adthyleeastlyoaneat®nd ivea-cooptietdinahe panranddfdras Faasplesf 84 area in a
range from 0 t . an about
0.5 nm/g, %O %)I'EQISC ?é%%l%g@]gl%g%gcepgﬁa%en tﬁl ro sSavd e\gggd%g%ﬁlﬁ%?%hxgg {1 oéaabout 150
m crons. 5@1t appﬁéﬂr@eéﬂha} yE, pbIOBSHS 2iaon o lfh%ﬁrwmerhargwé@ @p rraqidie at | east one

silica-gpated alsmhda mma@dm@%galpsva@wmm&n&@rmrsbsaef@g;upea&qwﬂw ng at
| east one al um na saource at | east one al um na source conpri st ng an

25al umi na, K2RYIFYEE i Eﬁ‘ir??ées Frdni FemS oo 8 IFBERTRiqdesiegcant
conbi nat i onindrkweésetn delta (at 0.1/8@N4nd CHei(NGa pdrencat ad co@Bdredat Bxaalpleriona source with
a solution or suspension conprising at |east one solvent and at |east one

si I con- conf g N GHIRMRFLGARANRT A m@NRANE LAothA1 €2 upON cal cination;

15
Example Activator-Support Alumina to Activity CY-a Tan
Silica Ratio | (based on A-S) Delta
25 Sulfated Alumina Alumina 180 0.4734 2.89
26 Fluorided Alumina Alumina 21 0.3741 1.34
27 Chlorided Alumina Alumina 71 0.3827 1.88
28 Phosphated+Fluorided Alumina 455 0.5192 2.56
Alumina
29 Fluorided Silica- 0.15:1 151 0.3581 1.17
Alumina
30 Fluorided Silica-Coated 2.6:1 9101 0.4759 5.78
Alumina
31 Sulfated+Fluorided 2.6:1 6694 0.5588 3.69
Silica-Coated Alumina
32 Phosphated+Fluorided 2.6:1 6410 0.4017 5.00
Silica-Coated Alumina
Notes on Table V:
- The alumina to silica ratio is the weight ratio in the silica-alumina or silica-coated
alumina support.
20 - Activity based on the A-S is in units of grams of polyethylene per gram of A-S per

hour.
- CY-a — Carreau-Yasuda breadth parameter.

EXAMPLES 33-39

25  Synthesis of fluorided silica-coated alumina activator-supports having varying weight ratios
of alumina to silica

The fluorided activator-supports of Examples 33-39 were prepared as follows.

Example 33 was prepared as in Example 26. For Examples 34-39, “Alumina A” from W.R.
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of 420 psi gtested for polymerization activity with 3 mg of MET 3 and 1 mL of 1 M TIBA in heptane
(Example 35 utilized 1.8 mg of MET 3). Activator-support quantities were in the 25 mg to 55
mg range. Polymerizations in 1L of isobutane were conducted for about 30 minutes at 80 °C,
450 psig reactor pressure, and a charge of 40 mL of 1-hexene.
15 The alumina to silica weight ratios of the fluorided activator-supports used in
Examples 33-39, and the resultant polymerization catalyst activity, are shown in Table V1.
Due to the excess of MET 3 that was used, the activities based on the amount of MET 3 that
was employed, in units of kilograms of polyethylene per gram of MET 3 per hour, are low —
compare Example 35 (1.8 mg MET 3) with Example 36 (3 mg MET 3).
20  Table VI. Examples 33-39 using the MET 3 metallocene compound.

Example Alumina to Activity Activity
Silica Ratio (based on A-S) (based on MET 3)

33 Alumina 21 0.3
34 19:1 4027 52
35 7.3:1 4042 108
36 7.3:1 6280 69
37 3.6:1 6277 31

38 1.8:1 5612 78

39 1.2:1 5760 120

Notes on Table VI:
- The alumina to silica ratio is the weight ratio in the silica-coated alumina support.
25 - Activity based on the A-S is in units of grams of polyethylene per gram of A-S per
hour.
- Activity based on MET 3 is in units of kilograms of polyethylene per gram of MET
3 per hour.



10. The catal yst conposition of claim1, wherein a catalyst activity of the
catal yst conposition is greater than about 25,000 grans of polyethyl ene per
gram of twensitidmvinetal 20 conpound or netal |l ocene comrp®arsA0PAHITADUN
under slurry polynerization conditions, using isobutane as a diluent, with
a polynerization tenperature of 90 C gnd a reactor pressure of 420 psig.
11. The catal yst conposition of claimd, wherein the at |east one
transition nmetal conpound or met al | ocene conmpound conprises an
ansa- et al | ocene conpound. 2512.Thecﬁghg$yst conposition of claim1,
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wherei n thezaft J.gast,, ong @6hiyat or-support conprises at |east one
silica-coated alunmina treated with at |east one el ectron-wi thdraw ng anion,
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3. The catalyst composition of claim 1, wherein the at least one activator-support
15  comprises at least one silica-coated alumina treated with at least two electron-withdrawing
anions, and wherein the at least two electron-withdrawing anions comprise fluoride and
phosphate, fluoride and sulfate, chloride and phosphate, chloride and sulfate, triflate and
sulfate, or triflate and phosphate.
4, The catalyst composition of claim 1, wherein the at least one silica-coated alumina
20  has a surface area in a range from about 100 to about 1000 m*/g, a pore volume greater than
about 0.5 mL/g, and a particle size in a range from about 5 microns to about 150 microns.
5. The catalyst composition of claim 1, wherein the at least one silica-coated alumina is
produced by a process comprising;:
providing at least one alumina source, the at least one alumina source comprising an
25 alumina, a hydrated alumina, aluminum hydroxide, boehmite, or a combination thereof;
contacting the at least one alumina source with a solution or suspension comprising at
least one solvent and at least one silicon-containing compound capable of producing silica
upon calcination;
depositing a coating of the at least one silicon-containing compound on at least a
30  portion of the at least one alumina source; and
removing the solvent.
6. The catalyst composition of claim 1, further comprising at least one organoaluminum
compound having the formula:
AL (X

35 wherein:



contacting a catal yst conposition with at | east one ol efin nononer and
optionally at |east one ol efin conononer under polynerization conditions to
produce awmoabefa3m7pol ynmer, 10wherein the catal yst conpo®CTiusaoioongre ses at

| east one transition nmetal conpound or mnetall ocene conpound, and at | east
one activator-support, wherein: %he at | east one activator-support
conprises at | east one silica-coated Aunina treated with at |east one

el ectron-w t hdrawi ng ani on, wherein: the at |east one
silica-coated al um ngg %% ght ratio of alumna to silica in a range
15from about 1:1 to o0dtY4¥6™1; and the at | east one

el ectron-wi t hdr awi ngX&ns annﬂkomnmlasaslo{ziﬂu@mlde,or@:hbidodd; del, brom de,

phosphate, triflate, nm%{}lm}]@otﬁmcﬁg{,]ef ate, or any conbination thereof 15.
The process of claim 14 ereln the at |east one olefin nononer is

ethyl ene, ahd t Haée galyseiwapossioe obtleminfuglshemmmEne ¢ disp Pns@sonst py| ene,

1-but enes &ata%tewmeuammmwoné ophuﬁaeaﬁata@&hmmgtMﬁe&mlno&a@@a&mm 2- pent ene,
3-net hyl -1 - fgntene 4- e EEP é g d

3-ethyl -1 - % ayane "f[%aﬂ‘é’ﬁf"ér‘? "rgaé“’ ePt Cé’HlB"‘m - ?ff‘é?ﬁé"mzingd‘é’f Ct‘?@p"“f- ‘decene,
styrene, orangcoanbitinahiran t hereof. 16. The process of claim 14, wherein
the olefin poly u Al (LCB) per
mllion totfgl car@ E(C)J?na%g% Jgﬁ%&ﬁ&oﬁ??ﬂ%ﬁq ﬁlft%(r:éos ﬁ IlJaAStﬁqﬂ%%&\%ﬁer ein the

ol efi n pol yasByatofrawert, @Veram;ﬁ‘maalﬁ@t@ﬁoptwné aptypigesupiopg f9ead ayminag 0 about 0. 7.

18. An pj ef dnriRQl WivBAa, E}B@fébtpa@ﬂmm’ sdnia@d Qﬁlﬁﬁﬁfﬂﬁo&fed Gli@lalmbth; chRidedAn article
conprising the ol efin An activat or-support

conpri si ng WA PHREE. béﬁlé‘d% 1?%%%“1818%15@3“%5%}% *ﬂ‘ﬁmf“’r autrider WP KTRP230] east one
el ectron-w dhhﬁﬂtﬁi\Mlﬂgm&ﬂmaﬁbromeﬁI‘sﬁbaﬂzuconla sulfatet @li@tzirb@&sfluoane! siicd-1 ca- coat ed
al um na has, g ao lumna to silica in a range fromabout 1:1
t o about 108 ni

The catalyst composition of claim 1, wherein a catalyst activity of the catalyst

comblnajuon ‘[QCI'CO?

15  composition is greater than about 1000 grams of polyethylene per gram of activator-support
per hour under slurry polymerization conditions, using isobutane as a diluent, with a
polymerization temperature of 90 °C and a reactor pressure of 420 psig.

10. The catalyst composition of claim 1, wherein a catalyst activity of the catalyst
composition is greater than about 25,000 grams of polyethylene per gram of transition metal

20 compound or metallocene compound per hour under slurry polymerization conditions, using
isobutane as a diluent, with a polymerization temperature of 90 °C and a reactor pressure of
420 psig.

11. The catalyst composition of claim 1, wherein the at least one transition metal
compound or metallocene compound comprises an ansa-metallocene compound.

25 12, The catalyst composition of claim 1, wherein the at least one transition metal

compound or metallocene compound comprises an unbridged metallocene compound.

13. The catalyst composition of claim 1, wherein the catalyst composition comprises:
(a) at least one transition metal compound or metallocene compound;
30 (b) at least one activator-support; and
(c) at least one organoaluminum compound;
wherein the at least one organoaluminum compound comprises trimethylaluminum,
triethylaluminum, tri-n-propylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-n-
hexylaluminum, tri-n-octylaluminum, diisobutylaluminum hydride, diethylaluminum

35 ethoxide, diethylaluminum chloride, or any combination thereof;
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wherein the at least one activator-support comprises at least one silica-coated alumina
treated with at least one electron-withdrawing anion, wherein:

the at least one silica-coated alumina has a weight ratio of alumina to silica in a range
from about 2:1 to about 20:1, and

the at least one electron-withdrawing anion comprises fluoride, chloride, bromide,
phosphate, triflate, bisulfate, sulfate, or any combination thereof.
14. An olefin polymerization process, the process comprising:

contacting a catalyst composition with at least one olefin monomer and optionally at
least one olefin comonomer under polymerization conditions to produce an olefin polymer,
wherein the catalyst composition comprises at least one transition metal compound or
metallocene compound, and at least one activator-support, wherein:

the at least one activator-support comprises at least one silica-coated alumina treated
with at least one electron-withdrawing anion, wherein:

the at least one silica-coated alumina has a weight ratio of alumina to silica in a range
from about 1:1 to about 100:1, and

the at least one electron-withdrawing anion comprises fluoride, chloride, bromide,
phosphate, triflate, bisulfate, sulfate, or any combination thereof.
15. The process of claim 14, wherein the at least one olefin monomer is ethylene, and the
at least one olefin comonomer comprises propylene, 1-butene, 2-butene, 3-methyl-1-butene,
isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 2-
hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 1-decene, styrene, or a
combination thereof.
16. The process of claim 14, wherein the olefin polymer has less than about 5 long chain
branches (LCB) per million total carbon atoms.
17. The process of claim 14, wherein the olefin polymer has a CY-a parameter in a range
from about 0.4 to about 0.7.
18. An olefin polymer produced by the process of claim 14.
19. An article comprising the olefin polymer of claim 18.
20. An activator-support comprising at least one silica-coated alumina treated with at
least one electron-withdrawing anion, wherein:

the at least one silica-coated alumina has a weight ratio of alumina to silica in a range
from about 1:1 to about 100:1, and

the at least one electron-withdrawing anion comprises chloride, bromide, phosphate,
triflate, bisulfate, sulfate, fluoride and phosphate, fluoride and sulfate, chloride and phosphate,

chloride and sulfate, triflate and sulfate, triflate and phosphate, or a combination thereof.
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