PROCESS FOR PRODUCI NG BROADER MOLECULAR VEEI GHT DI STRI BUTI ON POLYMERS W TH A
REVERSE COMONOVER DI STRI BUTI ON AND LOW LEVELS OF LONG CHAI N BRANCHES 5
BACKGROUNROGH101i8#1 0b NVENTI ON The present invention relratse@passesal |y to
the field of olefin polynerization catalysis, catalyst conpositions,

met hods for the polynerization and copol yneri zation of olefins, and

pol yol ef i ns. 10MROE¢BS&FOR FRODUCINGBROADBPRMYDECELARSWRDGNTer s, etc., can
be produced usi DISTRABUIISNROIDY MERISONSTIDA REVERYE COMONONMERNI

pol yneri zat i onD[STRIBETEON AR Loaw MEVBLSaOF ConNMEHUIE BRANQHBSuce such

pol yol ef i ns enpl oys a netal | ocene-based catal yst system Generally,

met al | acene catal ysts produce polyolefins with a narrow nol ecul ar wei ght

distribution. Wile a polyner havi $ a_narrow nol ecul ar wei ght 15
distribution can be advaﬁéé‘d(e%%@w QE It WWW processing operations
and end-use apghé astNfvenkibn GaBed Gemerallyarome Kidid! 0P k@i SpolyiRériZAfGE ance,
narr ow nol ecul ar vvelsght distribution polyners may require the use of a

f 1 uor opol YARIsigEdafalysh eomppsiione methpds forciae olyperigiiop fed capolyayizzi e
product i onrbRERS aid pdIpdrids! ow i nstabilities, such as melt fracture, in some
pol ymer processi ng operations. The use of a fluoropolynmer 20 rocessi ng
ai d i nér eases PPFoleBnthasfopplyagise icapolamessniterplymenst ekt ecanr Bemproricesb| yrer .
Stability i : i r.agi 4 j | mand
Bl ow ol Hi'BE e G egn CECARSNsERE oAl o BHER AR IR 1 'but on
pol ymer, arethadnibalr et beoussd gadweduge Isedu belyolpfinsggérmpldys & rmdsalidcore-protd/ ner s,
resulting | d cli r ene- ed
cat al yst 5 %lltgltyéte g@he?g&fe%fyb?%t lﬁ}ége%gé:%%%trssp%\n&? R p§®%§ﬁ%&ﬁtﬁo g%r&%zr wei ght
di st ri but inprecular venght alistrlibgibn.s Wehigens polyweh hasing hr mamowmmoleclaegkmht t ype, can
pr odu br . | ecul ar weight distribution polyners.. However, when
B Cheria R SRbioTPirbad ingliEol in Sl o Rk PRt TP B Bl st e use o
hydr ogen iappl@hdrsnitgeh pawrdradbdcRris odsus eBorainstance pidrivgv @ioldchlar melgacul ar
wei ght distribution of the 30 pol yner. Hence, it would be benefi ci al
Lo producdiS TP O Tistss RS TEHIR, M ot P!  TBPBRIEReRAddiRMR B Oter fh
di st ri but ipestegothy FBlynits ian desirabie tprbduetiom eatésas REbe ol #stabBiyied, &th as
Accor di nglg%a1 %t is to these ends that the present invention is directed.
WO 2010/ 08FI0BBEFFUSEES) Y 4ProcespIgRREFgnSTHENG WgENTE Ereropolymehe pr esent
I nventloon pgReginl diy ih@btatLmel RsiCat plotdding QMiRseld Iapids IR MRASoIfR¢r. Preparing
catal yst conpositions, nethods for using the catal yst conpositions to 5
pol yner i zeSROHEY inherprlymss progessing @peratonsy wah aedowaifiy agd blevcmeldingst
conposi ti sy isaB8LcRl Wil :SHrBHAANEQTarUsdiR did@SRioR PbIIRE, ds@8nPared k)
accordance with one aspect of the present invention, an olefin
pol yner i z&fqader prodseles weighti digtiribgien \plelyeters atsswengdedredecegr eutpete or f or
exanpl e, efdl&RGacoPol ymers. This process conprises: contacting a
catal yst conmposition with an ol efin nononmer and at | east one 10 olefin
conondfer undeMetadloganerbasedtdatatyst systéintsi gsnerally prodockupdymaers otithf 4 marpot yner ;
wher ei n: . . €O .5 i .act product of at
| east one mr%la?cg‘af %gghgg}%gﬁﬁd%g C%t%glpte%gt{gpl(%’n%&gg fﬁ%ﬁl t(l)r; 9 %éeg%l'
pol ymer i z&tneopampprodessbrpadec orvdsotae dveight wisgriutios eolysesf Hpdreogewherand 15t he
ol efin pol r a rati f fr.om.about 3 to out @.
Opti onal | f?{ﬂ(%raggaﬂ?%g rlﬂln(‘?} nau%e§ Srr'r%/lé\% A sly?:tasl){s%rg '? ﬁrﬁp%)g}'%%%?enu%ehqqg‘ygg)lg%q yst
conposi t i amolafid p@phyniztibzsatabes apaoeesg of Heendéculae agighodetrivetial éfahene
corrpo%pd is] a bridged netal |l ocene conpound having both a cycl opent adi enyl
and a*l uPehYl noiety, and is represented by the follow ng fornul a:

Hence, it would be beneficial to produce, in the presence of hydrogen, a broader

molecular weight distribution polymer using a metallocene-based catalyst system.

Accordingly, it is to these ends that the present invention is directed.



20 (1), wherein: M is Ti, Zr, or Hf; W 2010/080106PCT/ US2009/ 006564 3
X is independently F;, C; Br; |I; nethyl; phenyl; H BH4;, OBRA2 or SCBRA,
wher ei n RMoi28102080 6Kyl or aryl group having up to 12 caPbhorusatomssseor a
hydr ocar byl oxi de group, a hydrocarbylam no group, or a hydrocarbyl silyl
group, any of which can have up to 20 carbon atons; 5Eis Cor Si; RI
and R2 are independently H or an al kyl or aryl group having up to 12 carbon

atons, wherein at |east o group; R3A and R3B
are independently Hor a W%@%ﬁﬁdﬁm?%@g&gyl silyl group having up to
20 carbon at OMppe épe%% mve%1 lon erpérallé * ‘:ﬁh%atag' o?nd)r ngoﬁ'%rﬁij td9 g‘ro carbon

atons; and R5A"an epen ocar group having up
to 12 car tpmpalaﬂig)mlyﬁl ecﬁmpbsmalny,nﬁreﬂmodarfoxbempg aﬁeuocmhlyssmmglpbheor(satoal yst

corposit| Qieghe SERRCHS & i S BOLURL LB O SR oLl P

char act er iagRtks tnfodulaed fighg ﬂmmgolpﬁkyf@i’ns prippecdriase vathnaet aspedex ther om about

0.1 to about 1Q0 /10m aratipo of Mv M f t 3t
reverse cOFSFHEARY H?‘ktaf’log"tf i Refymerization, progesy {}fcmﬁsegév ‘gh‘fjm a‘fsﬁ‘yiﬂ anches

(LCB) per plddek, fsiteRhmpla) diiplerRlcopdEyme®. ARM process copiisdshan about 5% by wei ght
of the polyner eluted belqw a tenperature of éo Cin an ATREF test. BRI EF

DESCRI PTI ON OFCemifeting @Upiadyss semposigon) (ihsary alelis menomet 2nd 1l r'east gie
et al 119cengfaosmunbmer Mider Ipolietiz8sior?B6hditions to produce an olefin polymer;

wherein:
 the catalyst composition comprises a contact product of at least one metallocene

compound and at least one activator;

the polymerization process is conducted in the presence of hydrogen; and

15 the olefin polymer has a ratio of Mw/Mn from about 3 to about 6.

Optionally, organoaluminum compounds can be employed in this catalyst
composition and polymerization process. The at least one metallocene compound is a
bridged metallocene compound having both a cyclopentadienyl and a fluorenyl moiety,
and is represented by the following formula:

20

(I), wherein:

M' is Ti, Zr, or HE;



MET 3, used in the Exanples that follow FIG 2 illustrates the
definitions of D90 and D10 on a nol ecul ar wei ght distribution curve.

FI G 3 prweentwsaiopl ot of the nol ecul ar wei ght di st ri buPCors2@b/00dse4

pol yners of 30Exanples 1-2. FI& 4 presents a plot of the nolecular
wei ght distributions of the polymers of Exanples 3-7. WO

2010/ 080106 PCTXUSZ0QPEARGBH F; L1; Br; I; nfetiGl; Fhepyle ki, ORRGtordSORe

nmol ecul ar “\/’ﬁeeir ht,Ai.stri bH(tg' ons, o{] t he ﬁglol%mars of 2Exarg)l es, 8- 14. FI G
6 presentS 5Bl It oF FhEIh&t ChANPHPAHES W 49 1 1% FPTSRS2I8FST RE Dol yner s
of Exanpl éy8roeardlyl&xiderptonp 12 hydrbdatbylaminb @s@ipi 6r & hpdrotarbylsilyhereupl esyul ar

wei ght distributions of t I rs of Exanples 15-20. FIG 8
presents é’tfﬁ’;hggCﬁqﬂatvﬁélpﬁ%?(zﬁﬁﬁﬁaqg@?’ght di stributions of the polyners of

Exanpl & 15 andekxempkgs 21- 25. FIG 9 presents a plot of the
short chain brapch djstriputions of the polyners of 10 Exanpl es 20-25.
FIG 10 presenﬁsa%figl e “Eﬁgp‘fr}‘?ém Pfa%hlgwaﬁﬁéwpdlaéiwgi%dﬁ%ﬁ%fb?ﬁ t he

pol yners Qionfex@Atia%t Restd8e of R' and R? is &1l 4yl gkdugdt €sent's a plot of zero shear
viscosity versus, wej ﬁl;g -average, nol ecul ar wei specifically, |og(n0)
he

ht , _
versus | og( M) Rt 87 Rheatsdndapghdsnidy Haszraﬁﬁv%rgca%bbd,orélymcarbsﬁﬂﬂ FUR7. Fl G

12 presenthgviggglgg,tzoqg‘argohgwﬁg;?EF profiles of the polyners of Exanples 20-
26. FI 13 presents | ot of the nol ecular weight distributions of

the palynmers oR Baampivéer @b@talzggw%h@@mmmlmbmmml ATI ONS To
by e, Tor e ol R did hGrd RBGRAAARE HIR L TrhocdrD Ol BUACpE TS BicbbPDo and
that ~any defi

abbrevi ati ons are provided. To the extent nrtion or usage
provi ded BWemgny docunent incorporated herein by reference conflicts with

e e L on AR S S e LS SEL R0 e o1 ced
f r act i onatferoglefin polymerization disclosed herein. For instance, an ethylene polymer of the
15  present invention can be characterized by the following polymer properties:
a melt index from about 0.1 to about 100 g/10 min;
a ratio of Mw/Mn from about 3 to about 6;
a reverse comonomer distribution;

less than about 0.05 long chain branches (LCB) per 1000 total carbon atoms;

20 and
less than about 5% by weight of the polymer eluted below a temperature of 40
°C in an ATREF test.
BRIEF DESCRIPTION OF THE FIGURES
25 FIG. 1 illustrates the structures of metallocene compounds MET 1, MET 2, and

MET 3, used in the Examples that follow.
FIG. 2 illustrates the definitions of D90 and D10 on a molecular weight
distribution curve.
FIG. 3 presents a plot of the molecular weight distributions of the polymers of
30 Examples 1-2.
FIG. 4 presents a plot of the molecular weight distributions of the polymers of
Examples 3-7.



D10 - The nol ecul ar wei ght at which 10% of the pol yner by wei ght has higher
nol ecul ar wei ght. 30D90 - The nol ecul ar wei ght at which 90% of the pol yner
by wei ghtwbasidnsgteer nol ecul ar wei ght. HLM - Hi gh | oadPo@lus2emsessss LCB -
Long chain branches. M- Ml ecul ar weigght. 35Me - Methyl. WO

2010/ 080106PCT/ US2009/ 006564 5 M - Melt index. M1 - Nunber-average

mol ecul ar wei gRIG. 3presenidta glot efathe maipeulapveight distrivetiomlstof the polymers oMV Mn - -
Ratio is aexg;g@%yg_%of the nol ecul ar wei ght distribution; also referred 5to
as the polydiSpersity index. r/o - Zero shear viscosity. Ph - Phenyl. SCB -
Short chai n br BiGhepresents a plot of théSHBE chaibbeumth aldaibatibisametke shilyrhdrs bfit i on, or
short Chaiﬂﬁ brla chi gg dilsaﬁi bution. 10t-Bu - Tert-butyl or t-butyl. TC -
Total car boASP e%rang APP€afbon atoms. TIBA - Trii sobutyl al um num TNBA -
Tri-n-Butyl al URIGUIpreddnieploeofthe pRletIRF Weight diSiEiButiRk OF hegMandreaf |y to

I ncl ude OltE%fi n h @ol ynmers, copolyners, terpolyners, and so forth. _
Al t hough émPS?ﬁ% | ymer i ncl udes honopol yners, the present invention is

principally di FEG!®pretntsROpIIBS the ddMBE whigANMAAALIRE 0P HEYOWRSs 8nd at
| east one ol efin_compnoner. Hence, a copolyner is derived froman olefin

monomer arfd®BHE 16!"‘%&?‘?“@8%@%r, while a terpolymer is derived

FIG. 9 presents a plot of the short chain branch distributions of the polymers of
10 Examples 20-25.
FIG. 10 presents a plot of the short chain branch distributions of the polymers
of Examples 26-28.
FIG. 11 presents a plot of zero shear viscosity versus weight-average molecular
weight, specifically, log(7o) versus log(Mw), for the polymers of Examples 3-6, 8-11,
15 and 17-27.
FIG. 12 presents a plot of the ATREF profiles of the polymers of Examples 20-
26.
FIG. 13 presents a plot of the molecular weight distributions of the polymers of
Examples 29-32.
20
DEFINITIONS AND ABBREVIATIONS
To define more clearly the terms used herein, the following definitions and
abbreviations are provided. To the extent that any definition or usage provided by any
document incorporated herein by reference conflicts with the definition or usage

25  provided herein, the definition or usage provided herein controls.

ATREF - Analytical temperature rising elution fractionation.
D10 - The molecular weight at which 10% of the polymer by weight has higher
molecular weight.
30 D90 — The molecular weight at which 90% of the polymer by weight has higher
molecular weight.
HLMI — High load melt index.
LCB - Long chain branches.
M — Molecular weight.
35 Me — Methyl.



20 froman ol efin nonomer and two ol efin conononers. Accordingly, "polyner"
enconpasses copolyners, terpolyners, etc., derived fromany ol efi n nononer
and conmornwoap(msomsscl osed herein. Simlarly, an ethyl ereTpskemamwosseaoul d

i ncl ude et hyl ene copol yners, ethyl enesterpolyners, and the |like. As an
exanpl e, an olefin copolyner, such as an ethyl ene copol yner, can be derived
from et hyl ene &idMeRmdewnononer, such as 1-butene, 1-hexene, or 1-octene.
| f the nononer MmmdNowberoreege wolesukt yigbne and 1- hexene, respectively, the
resul ting pol yir —-Woeikli-dveragamelponlazeeigitn as et hyl ene/ 1- hexene copol yner.

I n |i ke manner Mw/ivn s Retieisaf me¢dseretod the Mledujarsveighatispibutiom alsu defsrred
honmopolSyneri zat i on, toae gelppiydispeaity mdex.t er pol yneri zation, etc. Therefore, a
30copol yner i zatg, olZefor dhesrSsscoityl d i nvol ve contacting one ol efin nononer
(e.g., ethyl eneh-amgnyane ol efin conononer (e.g., 1l-hexene), to produce a
copol yner. SCBy-dsigeshainbraddhé&. di scl osure can refer to either hydrogen
(H2) which is geg® 1 Shit gHalnyEichZRdtiuBioR @ §RiBsha brandRi@ dgskutRhom (H) ,

whi ch 10an be pk-Baenter@butylet-Bidydged netal | ocene conpound of fornula (1).
When used to dggot Eowdl A Be thralcabn 3y dr ogen will be di splayed as "H,"
whereas if theTiAentiidobulyidhdemhose the use of hydrogen in a

pol yneri zat i on TNBXCEFH.n-bltyMublinh Pl y be referred to as "hydrogen.” WO
2010/ 080106PCT/ US2009/ 006564 6 The term "co-catal yst" is used

general ly herein to refer to organoal um num conpounds that can constitute
one cddponent &he ragpelymer’ I%W?gé@tem gamerigadylite inghide plefinhomopelymesgst " can
refer to r RIS of, at st Sigt | i i n not
limted tg¥) a u%lgnoxang[g?rs’oraaﬁn%bo%% oféﬁtgr ngi)éo(r%%%ﬂe%?l npéu%rélsufag%nd

i oni zi ng ihomppolyBers,othp preses investieh sqirmsipalhdirested. to Potyntees derivedfmat al yst" i s
used regardl I i on of the . .conmpound or any, chem cal
mechani s magf/) %\?\lﬁ i@%obﬁga@gﬁ%ﬁtn%%}%ﬁnocﬁ erate. Ilﬁeng?fea a8 B get b%def 1?1'?&;1

i nvent i on frothen pefimhoemeatad yat ‘oldfm csedioiner, dvidkei 1 gupaméhiatdecioegponent  of

t he c%al 3{:[%%1 conmo i tion fromdthe rrghal | ocene co onegt. The term

"1 uordor gano *Bot ol CEMRBITHhA"Y i o EHP NMOPAMERt h Y EX B]IgIZYI’né)IQWG meani ng
L o refer te@cdnqjgtséalcomymmntéq)oqudrf]eeté.pﬂéﬁvBE(Sfrorﬂ' i’a?ytcﬂéﬁﬂ "rrfhdntiﬂép@:ﬂ@ano
orat e conpound” ) as. i.ts.usugl .neani ng refer tot nonoani oni ¢
salts of gg‘f‘f”ﬁ?&eé@i d%‘f@%‘br‘ﬁf?"bon%‘é‘ﬂﬁgyofntﬁéﬁ?r&rw fi%?ﬂef‘f BYPdE where Y
repr esent sthileht Wopdlyads,dethylgNiefpolyrdd) - anRhE k&l AsOdn EhaHee, tanpasaar e
generally and collectively referred to as "organoboron or organoborate
conmpounds SePOIYhHe SEetr A3 2R GHRARNE fRRObRSE cans be, deHvede flem ethyleae fad | he
conpogist | QBHoNYARY, Subh AELEEADINRRER, & RoGaR! AL S drBARE ARI confbnBfY¥ Order, in
any manner, and for any length of tinme. For exanple, the conponents can be
cont act ed Vi ghders and lohexgns¢irgsgectivalys hemesubtigtpabmengvaytd bngategsrigeshent can
occur in Lhes BhASKNMCRRhe @NSRARE Of any other conponent of the conpositions
descri bed herei’n. Conbinin Itional materials or 20 conponents can be
done by any sulx althee menngnd.theuseoper oft the tiermmn “papmexzation’vdirctudes ncl udes

m xt ures, L Jr L es, ti.on. products,~and the |Iike, or
conbi nat i (1)191138 ereeo? {.l("HAI 1(:% H‘g"dé‘ﬁu‘%h ’aéfgbgr&%lgﬂ%#mgta%ci ncITl?areegorr%’acati on
produdfs, conolymerization gaeressedvdubt inhdve espectingy @ene oolphmembsorher (eact Wt h
one anot hef., The rm." precontacted" mxture is ysed herein to describe a
Cirse mxeuyisnelfnd ShdbieBh EGRH-BEE Bne b it PRodiRERRPRTRAT 1 or o fi 1t
peri od of ti neHpdrogen inhahit dclbsure tamiefr tF €itheehytiyogen &H, X whitpisnsad in a

" post cont aclt ed". or second m'ﬁ)télre of cz]t{ l"é’ts{t conponents that are contacted
for a secBRAMFBFA"GH PEICCH: fA? "YITPEH 219 Sr ghtarctedriesiien & ibes a

m xt ure ofmemtbédnk CRRPBULD P FuRtll4 Q). COMRAUGEE) o Bdtd B KRIRGHERT ato@Nd

or ganqal um'wgwm cog{)gund for cquIQ,unds), before this nm. xture is contacted
Wit h Bydrggan; Wit B dsplaxsttiror Hacheistsol -the prjenttis 9 disslpse ghs gsmapt

addi t i onahydbgane alpyieHAHA PRREA: Wil siftpishe RIS AChGarogaser i bes
conponents that are used to contact each other, but pridor to contacting the
conponents in the second, postcontacted m xture. WO

2010/ 080106PCT/ US2009/ 006564 7 Accordingly, this invention may occasionally
di stingui sh between a conponent used to prepare the precontacted m xture
and that conponent after the m xture has been prepared. For exanple,
according to this description, it is possible for the precontacted

or ganoal um num conpound, once it is contacted with the nmetall ocene and the
olefin



5 nononer, to have reacted to format |east one chem cal conpound,
formul ation, or structure different fromthe distinct organoal um num
conpound weeadiwmsopsepar e t he precontacted m xture. |n tRCI/US260/0045h€
precont act ed or ganoal um num conpound er conponent i s described as
conpri sing an organoal um num conpound t hat was used to prepare the
precont act ed mlhe term, “cbovakalyst hast wseé | ggnerslhe hgreimctonte fet tte crganvslummuenn

d ib ' || d d Lymi.
compound( o PP thof or bl L Corf PR TR P PR A o

and/ or act‘ceredtalyst’s cppefet (sjther Ebmpogmesadntcartysttoffipotitioe ingludihgcant ndescri be a
m xture Oflimr}%ﬁ‘%l) Iaucelgg corrBoundq(osg, ol efig mononer, and act.ivator(s) and/or
acti vat or - SUPPOP Sy MOR3BF % P2 P ROL LA BANROF At COmPAHds LN 1Pz onic

or ganodl urbmponnil§ ae disclatel hesdin. COgOHN CooddatabBHIO UskdSegardless oBithdidctal Yy, the
term"postcontac%ﬁg" mxture is ysed herein.to describe a second m xture of
catal yst dSHHENEA{NE SORMPUNG & MPnTKEYSRY Meghanims By, ShFhyBF COMPHNdt A, and one
const i t uemperate. IRioah aspect SfethisHhRGE6H,aRd Ren “06-chhi&t i§TudUb QithgGad al yst
conmponents, that were contacted for _a first period of tine. Typrcally, the

t er m " posthéAERAnERof thegatplist omnositige Samyis wetllpeyngexBPINER t he i xture of
net al | ocene COMRO W Sfluor&drBdnoNbdTBR QBRpour G&NR& Bl U With AfPOMLS) . and
activator(s) and/or_activator-support S%’sf ornmed from contacting the

pr econfact&anifg e defer &F ngptishcompepngs of jess ormoPondie semm Aueragreandi t i onal
conponent $,oRadefndodndkigo U # 8P Re&ARS aFtdd @ c}ﬁé oRoaribili€ Raitst §1& act i vator
and/or activator 'support is a chemcally-treated solid oxide conpound. For
25 i nst and@oroprgane daranj epapousd rjothe fermadersiont BB Yadk evhere tYheemppesstts ont act ed

m xture c ] - L i nd +( ounds),
and opti o?g?%t&cg%%gﬁq%% g\élﬁ%{raqg‘sgﬁga ehérjﬁt}%émqgeo%%{gga(r?\lg %}% ‘(S:)cﬂle?ts he sanme as
or di ff er asferrddrtons t'drganobgran oapigaiaberatcampounds.”used to prepare the

precontacted m . i,bed herei.n. Accordingly.. this invention may
al so gtgcasi ongllr F%/{éé?sf&ﬁ%ﬂﬁ%&ﬁéﬁef‘c’m‘ggﬁﬁ?lﬁ& 4% Ot(’)enceoﬁ'?poé@gﬁs ‘f’gerfﬁ‘é%ar e the
post cont acbrepongnts taver epngackdttbgethee dnmponedér, af 4 midrer, nind forr myhasstben

pr epar ed. tim\é\DP%(r)loa/O 0106PCT/ US 009/1906564 Sb 1 The term"netal | ocene, "
as used h&M& A°F GFEUWY FASCOMROBENY EATLOSCEREFieS oK flepding of i igge Fyhery

115- cycl oabikadling nofl arlyy pempopi st yan wérar 6 Mhel pResérRe 1k ate¥ice! sahkadiheeny!

noi eties include cycl opentadi enyl |igands, indenyl |igands, fl uorenyl

|i gands, &ANBPYME ?‘iy@%,c PR RT r%SC&EF(? safﬂny ‘%%[P‘?}P‘é}ﬁé’&dg‘fon%ld’ﬁ%‘?‘i‘f%?fed

d_er i vaoi yesmpdneﬁt@&ln@gé defe BNynyuithle sRthod D FEﬁ_ﬁ&! ﬁ%Qer%U%HaE@'ﬁB@tﬁ:t’on t hese

| i gands include hydrogen, therefore the description "substituted

deri vat i vES R rESEeS RIaAs ssqlHfipant FBficorartasie BTodus s atd yhes diker o ed

I'i gands s Wehbiastidng iedddy.dAUhBEEM Contab b BV WA fih G ERYdtion PeRPY R §f | uor enyl ,
partially saturated indenyl, partially saturated fluorenyl, substituted
parti al | y nSidPUEed &or thewgensytive ecomponentutogerchwith pa¢ #nptheat ur at ed fluorenyl, and
the |1ke. FOI SXARRCprd:ORaGOMRHAAS iCRGAHRARS Rackllla Wl Mk b) are

bri dged netal | ocene conpounds having both a cycl opentadi enyl and a

f1 uor @ayl| ciplygit gomponensd that aomtentacted fdre st gletiod efi dincoppoutedthestisef erred to
sinply as_t : e 1 Nee h »S .the term"co-catalyst” is
used her eln{rllﬂtgrg br%g’%gllrs‘ydtsttg,fm}n{o!?1 rggé%?r%t%%?d é’?\‘rsr%ro é@né’étflrﬁrﬁfﬁﬁ% Etocr%n(?ﬁﬂ%’.tyThe terns
"cat al yst thebpposortacted, for" x ata@ny gterind xif uinge." Oftat, ahey precomattednniix@rd t he 15

i ke, do t_.depend upon t actual product resuliin romthe contact or
reaction Q?sc?ﬁ% ac%‘%?‘pt%lﬁ@Etr%qu}oc???ecoﬁ?p:éPﬁ‘f§°§ ,°°PW8“’F#§1’ L??Eé{"o‘ino?%eraﬁ’f ve

cat al yt i c ogat@untinurh vemipatel @f cohpounids)c béfateythis, mikhee brdofge@dd vathadd ocene
conpoypd, any, olefin nononer used to prepare recontacted m xture, or the
act i vgp or a%‘rvg%%(ﬂ \?&?/SF -¥ ?J%F’f“,ppgfﬁs)erfnéoﬁﬂﬁ‘%aﬁgdpdpﬂ’@g CHPEHEHgm

Ther ef or e cohfinti@). NFhu's¢ peadrisdte CRRBMEE bbﬂﬁ;ﬁénigqmtake/ﬁed% ¥bMh® each cat al yst
20 system " and the |ike, can include both heterogeneous conpositions and
hormgenothhﬁbE’ﬁbBF?ri Gneontacting theneompongats 1 Hhenseced, posteaHacid BHITMIE. oxi de, "
"solid oxide activator-support,” "treated solid oxide conpound,” and the

| i ke, are used herein to indicate a solid, inorganic oxide of relatively

hi gh porosity, which exhibits Lewis acidic or Bronsted 25 acidic behavior,
and whi ch has been treated with an el ectron-w thdraw ng conponent,
typically an anion, and which is calcined. The el ectron-w t hdraw ng
conponent is typically an el ectron-w thdraw ng ani on source conmpound. Thus,
the chemcally-treated solid oxi de conpound conprises a cal ci ned cont act
product of at |east one solid oxide conmpound with at | east one

el ectron-w t hdrawi ng ani on source conpound. 30 Typically, the

chem cally-treated solid oxide conprises at |east one ionizing, acidic
solid oxide conpound. The terms "support"™ and "activator-support” are not

o o o v e o T L, o



5nmet hods, devices, and materials are herein described. All
publications and patents nentioned herein are incorporated herein by

r ef er encewbaniodselopur pose of descri bing and di scl osi ng, PCerUSecoaopdses t he
constructs and net hodol ogi es that arejydescribed in the publications, which
m ght be used in connection with the presently described invention. The
publ i cat i esordingB gseitlvention nfay@idgdsmblly distidgeish betweeipa ovmpadnsweetoy f or

their disclosure prior to.the fili date of th resent application.

Not hi ng hEr@RE (16 RrE-BizClel B IMTE ndathal CompRngi A1 e e L PAY ERTbr s ar e
not entit Ipes;i,altee.l a6t edabe, 5¢;@5&h¢§ t‘lé(ﬂli@gwﬁﬂpthm, itiig pdssibRffothe recomtyaed i 0 3. |
For any particul ar conpoun i sclosed herein, any structur resented al so
enconpass &528PlupIIHMGGaRRcREH Hnce étdﬁﬁ?‘g?Ct‘?de‘dit]é) it o%*eﬁab?ceaﬁ ancg f@r‘gﬁfs‘s omer s

that may mopomkt, 36 haved Bade®@ @6 Forfillhtoleast @he Qhensibdl Sdohipe@itf, Yormhi)aticf buCt ur e
al so enconpasses _all enpantioners, diastereoners, and other ogt|0ﬁl i soners

whet her i resiuRtdilderent fomrthe distngt orgagpalgmingm gampound used, fq prepargst

st er eoi SONRLSnta@Sd WiKthR. P hRCOLE tRE Prdd¥ntAct&k bighRhldhinhHAdm beants

di scl ose several types of ranges in the present invention. These 20

i ncl ude, Isampeneat isgesaribpd aePmRsising ap prggaodRmMiyFOMperng thahyas used fhge of

wei ght ra&&%ﬁmtﬂa&@&ﬂﬁm&%rﬂ@ﬁﬁi ratios, a range of tenperatures, a range of
nol ecul ar Ights, a range of nelt indices, a range of densities, and so
fort h.10When Appltematitedy,dhe pieoedacted mixgirencan desaglee omizmie efypetalloggsp i cant s
intent is [ Lmoindi v i bl hat such
2"range oouPEONEE] A8 PbanlerB B Chokhdtte) SRR SRRBg o R e s
wel | as amwithsthb-actvatpets) andioc astyatoasimpng(sbf Thiskprecantpetsd anicbmpalss ean t her ei n.
For exanpl when_the |icants disclose.or. claim hem cal iety having
a certain ‘F%C ert Slflxr}lérﬁf\%gwe% 8%%1? c,&f)nﬁfnlmc Sr%t gle%nn %rh(f}"e?"sglt%o%gglws?g? {Jsge or

cl ai m i ndiavd/dtiadtivigtoewgpyriEhsifdrt ehinutiktere it kadtaged ith anasrgenoeglomlidinenconpass,
consisfent mﬁtg,the di%flosure %grein. For exanple, the disclosure that a
moi et y13i s G ARRFTORPEYTY GrQIROREYi ng from1 30 to 20 carbon atons, as used
herein, referssimilalyihe@énn tgesicoftadtedianistreBtueel herciape aeteribd y sécondn a

hydr ocar byl , %ggwgphaving 1, 2, 3, 4, 5, 6, .7, qgwa, 10 }1; 12, 13, 14, 15,
16, 17, 18nixfup ofgatalyst eorppagants gkare cautagied for asecond redpdel YaeviBE "t hese two
WO 2010/ 08Q4RaRT SRR YN MO 65 Ronttda b &FsS nlikife SPCAMB)sEconipdhyats @gar by

group having 3 to 12 carbon atons%, and al so including any conbination of
ranges betWigereniasiedefor adiri prted of ner Tunieatlyl e ermhyRpsGeRirgs BPOUP havi ng 1
to 4 cgy bap @it Ml ddcAYIIHRGRKRME of FRIRoRAY (cBbp&urdf) 1dle R ERAPMEL ONS) .
S5Simlarly, another representative exanple follows for the Mv

(wei ght - avegaagdumiiust gpapound(syhend eftivatess) wrdler peavateedrPat®nformepect of

this invent] . i ol I Sl range
fron1aboupﬁ%%?8ﬁ ?gf%%@%%9%§%$d§gﬁg7E@?}kﬁggffggﬁ?ggl ?E%ﬁiﬁghgggite t hat
the Mv camdBitios®| @oipederfts adialb ouimake, Yothe pdstrontagied CoBfurabobfteni0th900, about

50, 000, about .60 , ut 70 0, . , , about
100, 000, i “’rldfg?’gﬁﬁt?vgg rosﬁ?pd{gg,aoﬂ’%?‘%a@%ﬁﬁgatgg8‘,’16"0%’?)“1‘2@%’3{"’“%&0%8’80, about
150, 0015, ahsatice, tbOadiiynabdonpgondmAdOGiDo nekoup tHeBns@®ONactad ot tuk3An ®00, about
200, 000, about .210, 000,. ahout .220, 000 out 230 0, about 0, 000, or
Zbout 250 boE IR feR RIRh fsiif PR gt beranay i StbrAih ity o
about 20, GRAudeOard BfpdhoadmintAOcdrfipduné %diighl B, the kemMaisi @ diffe@nt &romethtr om about
70, 000 to about 150, 000), 15 ang this al so include$ any conbj nati on of
ranges bet WEERIABEM SoMPRRdAad 10 HIRPESHE PErFORRRET MIKUES IS SESCTE! ot her

ranges di S&k&@edA&@fcﬂﬁ%’ly,smme%d Rla@rdNoebQdsibiblly OBAMMRIshShétwkal at 0 t hese
Icants reserve the right to proviso out or exclude

two exanpl es. Nﬁ@fg !

any i n#fl vi@uRenepe pEPaiR yhe geyicapasieh mixies aed thpt sApPeRst plfgle or

conbi nat i of§aRf naaWRed pegfsaW thin the 20 group, that can be clai med
according to a range or in any simlar manner, if for any reason Applicants
choose to claimless than the full neasure of the disclosure, for exanple,
to account for a reference that Applicants nay be unaware of at the tine of
the filing of the application. Further, Applicants reserve the right to
provi so out or exclude any individual substituents, anal ogs, conpounds,

| i gands, structures, or groups 25 thereof, or any nenbers of a clained
group, if for any reason Applicants choose to claimless than the ful
measure of the disclosure, for exanple, to account for a reference that
Applicants may be unaware of at the tine of the filing of the application.
Wi | e conpositions and nethods are described in terns of "conprising"

vari ous conponents or steps, the conpositions and net hods can al so "consi st
30essentially of' or "consist of' the various conponents or steps. WO
2010/ 080106PCT/ US2009/ 006564 11




DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is
directed generally to catal yst conpositions, nethods for preparing the
cat al yst worzgpogisvioens, net hods for using the catal yst cecpas2a0omEs64 0
pol ynmeri ze ol efins, the polymer resing produced using such catal yst
conpositions, and 5articles produced using these polynmer resins. In one
aspect, the pr@hemndrmi ‘ivediidcene,’r & aded detein, aascobef 4 borppPdundRiompatingat pr ocess,
sai d process, conpni Si ng: contacting a catal ysf comgpositjon with an
ol ef i morgREPIaY G T loplaHERII g MokSoNBHER. it FON9THISA! | on
condi t i onsndi@ieR iRdiieeyaldpiefidnyl RRANIEEhdendh BERIAR: flubBSnh B 1igAIda! S tthe
conpositiaon conprises a contact product of at. |east one netall ocene
conpound aikg ‘a¢luding pertigihesatereted Hf srbstiturd dsHV3fIYET Panalagh op pB eSiheses
conductsed polsib1B &ubdtRRARCE FheshVIEHaAGE el @B hyldhze®! BleforPGhy MREcripadn @ ratio
of MM Mh from about 3 to about 6. O efins copolyners, terpolyners, and the
| i ke, can ‘Bébsplutsdideantiyss Higreofiein this igvgption eamprisesrastiallycasiratetligasdhods f or
ol efin pol ' ' g Scil | F ' : pol yrer
o “the pr G e L B B R D
pr oper t i egndeaylypartialiyngonated Onoramdisubgitated partigdbsaturged gdadyLsubstitsted at i o of
MV Mh fro : are ' ' LQpy | ess
than abouto"0 0% teS AR, Apd SRS ARk SR e Rk dlhdl hedbhitp 1255,
5% by Mei diytforfula dane dbiryget methlivcede bahpmnnds hazmgdotht aicyelapentddieyliand an ATREF
test. 25 ALL NE OUND Th resent inventian | o a bridged
ot ai | ocertd SBMGTRE = RGC Sores: g ARLTRARE Hupgi BT T ot ety
| N one aspedie “odtallykti”sn imu¢k kel same way clie tarmbf docg ety sttets ated hessivetoaefepmind has
the for rrulr{a: V\q 2010/ 08%}‘06PCT/ US2009/ 006564 12 M is Ti, Zr, or H; X
i s i ndepen@eRETY RN CLANOBHMIPIM UNPIHY. phenyl ; H, BEI; OBRA2 or SOBRA,

The terms “catalyst composition,” “

Y <

catalyst mixture,” “catalyst system,” and the
15  like, do not depend upon the actual product resulting from the contact or reaction of the
components of the mixtures, the nature of the active catalytic site, or the fate of the co-
catalyst, the bridged metallocene compound, any olefin monomer used to prepare a

precontacted mixture, or the activator or activator-support, after combining these

9 < ERIN1Y

components. Therefore, the terms “catalyst composition,” “catalyst mixture,” “catalyst
20  system,” and the like, can include both heterogeneous compositions and homogenous
compositions.

LTS

The terms “chemically-treated solid oxide,” “solid oxide activator-support,”
“treated solid oxide compound,” and the like, are used herein to indicate a solid,
inorganic oxide of relatively high porosity, which exhibits Lewis acidic or Brensted

25  acidic behavior, and which has been treated with an electron-withdrawing component,
typically an anion, and which is calcined. The electron-withdrawing component is
typically an electron-withdrawing anion source compound. Thus, the chemically-
treated solid oxide compound comprises a calcined contact product of at least one solid
oxide compound with at least one electron-withdrawing anion source compound.

30  Typically, the chemically-treated solid oxide comprises at least one ionizing, acidic

solid oxide compound. The terms “support” and “activator-support” are not used to

imply these components are inert, and such components should not be construed as an



5 wherein RAis an alkyl or aryl group having up to 12 carbon atons; or a
hydr ocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbyl silyl
group, arwoabiomsiwh can have up to 20 carbon atons; E i #CT/USR003i006564

RI and R2 are independently H or an abkyl or aryl group having up to 12
carbon 10 atons, wherein at |least one of Rl and R2 is an aryl group;

R3A and RB&raccan@qndﬂpﬁnﬁhematawSHcompmﬂimdrmharabtwatcﬂrsuﬂsnodr ot eiebptksnt yI  group
havi ng up .t carbon, ato | kyl or al kenyl group having up to
10 car bonI%Vtegrr%ncanr?aaﬁ’gﬂnéﬁf?/tﬁ?éedasro@gf’ﬂa%pendentIy H or a hydrocarbyl group
having up to lalthargihCHnylt’ﬁahﬂdﬁsdewces aid haterials (sinila&bgvuivaleRdto thesd gned to
show ster%o E% or i soner.i clbegom tioni ng of tge di fferent noi et i es
(e.g., thi%PBFhNFE™; @nhsuse il e Brartrefrapiting ofi 8 fpveptiondhg &@ial s,

or S dISaStrﬁtIﬁﬂI;SjaﬂiEési)mdrﬁbtbhﬂ&l&hh&éﬁ{"de@&lﬁé@unds are conterrpl ated and
encorrpassed by E formula. 20The netal in formula (1), , 1s either Ti,
Zr, or Hf. EachIXPYRlicsinsaAnd patgnts fpentarrdehereip #16 ‘Incmm’rateér hergin Byt hy| ;

phenyl Hrefﬁbﬂce @%%uﬂfos%nﬁ?ﬁ?ﬁ&l dlsd%dgsf(ﬁ“%xﬁhﬂﬂh‘lth@Eorﬁeréts ghdup havi ng
up to 12 carbon at ons; or hydr ocar byl oxi de grou hydr ocar byl am no

group, or methedalogies rtBi ate) 9?5‘3@?%&“ tB%W“BFC%P% hwglﬁh & bgpused 0 car bon
atoms. UnlcegRc@dn it 8R PRE&IK 8ehcribde ifleRedOS Uik %tlbl tl@llr K¥lscHsQUP 1S

i ntended WD 2010/ 080106PCT/ US2009/ 006564 13 to 1 nclu structural

i sonerld,  thraughpuidhe fsxbate pexyided solalydoy @i distlesyrs prienrto dheafitpigalateadfithe

enant I oner ?esémdapﬁiléatlgh asﬁ%ﬁ%nﬁéréma{s 8' &Clc&gﬁ'ged’“ag tha ’ss?ond?rlca't %t I on. AS
an exarrple unl ess ot herw se “speci f the termpropyl 1S neant to include
n- propyl arwantpwq)mpytlltled\/&mmtedatm@chelrsnhobucqurtse pfpnidr inventiore| ude n- but yl

i so-butyl, t-bgty t For_i.nstance nllmtlng
exanpl es of oc%il(gr ‘me %ﬁe?lgéﬁ %Ac pog%iéﬁ % qﬁ?q fhggin "% G HeSoRF Sﬁntedlﬁaarrpl es of
sui tabl e ahdo;ﬂpagsamabscohﬁmm@mb isomeis2 re:gimhmmratmdsstWemsdme:ranhdnen@rrpl oyed as
RA in or. SO3RA nIud re not

propy!'; gB fiad fropent%r{lc"ﬁéxyﬁ h%‘%’tsé em%ctyile ‘98? CB% asseénf’glyt he |ike.
In the pr esaiibmeny dntte@omeR) yihd gjtlmnpgmbﬂvismgez@p;vlﬁ@heﬂmcafab@nn@tcom
enconpasses 10fboth ara/Ll and a&% afl k% g}rou ps, and, these incl ude but are
not |init &FRY, PFRERF Well P X QRS STPUsPIate Ay would bR tTRsAgnized b

al kyl - subskluédJ;;redmnapht hyl, phenyl -substituted al kyl, naphthyl - substi tuted
al kyl, and the |ike. (f , hon-limting exanples of such aryl nvoieties

whi ch can be efpPlsgRY dé%c 9% SPYFrabphpes of fangss R they prasert ipyeatign. Hesezy |

tolyl 20di mRiday] mﬁf&’ﬂot litifed'ed, Q)fhrpé%edTﬂumbMArﬁst QXLngem?Wéh@ Y] 2

phenyl but yl , y1- 2-phenyl et hyl, and the I'ike.” Unl ess ot herwl se

speci f i edranéﬁyf ‘QP@F ra@%&ﬂanﬁlj’é W%rwea@yawewfmo@cwpwemb@da regeph i s neant
to incl Ud?ne?fllhdlée%gh Rnge 'E?Hénsnfegranﬁ)%@rm}tﬁ V\T’}Qﬁ &p%ﬂl@anttéjhﬁf loée or%‘l‘?ﬁl’ﬂt to

i ncl ude any possi bl e Substituent position, o, neta, or para.
The term rm@lpﬁera'rtmm Anpbcmdnth@rleimdlsdoagmeclaﬁy uailhyldarlboaaclbpossrbzh&jl cal
group 20 aI yI cy aIkyI

al kenyl | él?/lg T tpﬁteslrégfﬁ ra% lﬁg%%%rlab{lﬁ én%?wbas’s mcara dérlgt% N eﬂ%yl

ar al ky’lﬁyl ranaﬂds Whlé a$ atkesubamges aod cmielsmaiolns sﬂh&tmhgﬁs&dcomms:wbsherémt ed

br anched, I|n 0 stlt t.ed eriv tives, thereof, .Unl ess

ot her wi snglbeé(m e\gker{% ?\ﬁ’?dcraggar‘%y e gt ?LJ{EI'B'sa THER gloﬂeﬁ\’/g‘hvtl?%%cwm cally
conpri se wmpmbe ozitwnbbn benfsaAlpﬁlﬁbaafsomient lintoadigidye for 2BRA Ghdividyallyosanbyl groups
can have 25 g}ﬁeto 12 arbon at ons, %‘ir i nstance, .up to 8 carbaon atom; or

up to 6 cAPHHIF BYBRRE. L ik W 2oRREDH I .ea@ng)@wm%lﬁwem the dlisclou

generi cal hyrein0 Fonédatfpte, fRtdiscalste@thAQ nddisly & M}@Mc@%ygg&upﬁawﬁ@ﬁloﬁlhese groups
can cqnpri sezgu‘%d&?rhabout 20 carbon atops. Illustrative and non-limting
I

exanpl 8s & SO Ay V?eéxb?fémgrrﬁ%ﬁs tq ja, goiethyhptocar dipl ssledd gr oups)

i ncl ude MpdBEvRMentHLIRMX ¥ hyBoSRONYarodp g, 1, 9“?“@5)/6 7,309S1pgY ] {uy8d phenoxy,
and the like. Simlarl the term hydrocarbyl’afi no group i's used

generi cal 1§ t% 1?e¥7er136i? | A0 spshap qt@nalqsweéﬁem@y rangd betiveen thaseatwoy| ami no,
and diarylam no groups. Unless otherw se specified, the hydrocarbyl am no
groups of this WD 2010/ 080106PCT/ US2009/ 006564 14



i nvention conprise up to about 20 carbon atons. Hydrocarbylsilyl groups

i nclude, but are not limted to, alkylsilyl groups, arylsilyl groups,

aryl al kylwpl2glo/gomaps, and the |ike, which have up 20 cachars2@booasscs For
exanpl e, hydrocarbylsilyl groups can ijonclude trinmethylsilyl and

phenyl octyl silyl groups. These hydroc arbyloxi de, 5 hydrocarbyl am no, and
hydr ocar byiumbblyI(fcgremmpplecamydhambylpgrb@ BingaB hon2 ahrhios atdis) Adrdedlseat | vel y,
up to 8 car at ons ts of the present vention.

Accor di ng Itlct? one 4% C%@bmatfont ﬂé gssgﬁtf”eflhybem |“§?\ nugbery &O‘i FAMmA a (1) is
i ndependemlyﬂrybc:&bjflegt(b@dlafvfn(gm b4 c@kbonBltomsl andrﬂ)}dyﬂcarbphgrﬁmb havihg 8412 et hoxy,
et hoxy, pror%oﬁ% fenoxy and trinmethylsilyl. In another aspect, at |east
one X is ?H@ 10phenyl, or H. Yet, in another aspect, each X

i ndepersdent | y S&niGrlypinotiel fﬂéﬂresentatlve J@ﬂlpt%rﬂoﬂg\k/@ﬂ)r&ﬁé)l%w Evelgm aﬁz&ﬁﬁ@” a(l) is
Cor Si, wlile Rl QB)nRg are |ndependentl H or an al kyl or ar group

havi ng up REecrBr 3 PoRYymeto Ry ised ‘ato"leeaéE?Ctdﬁethﬁf inggntiond s an aryl

group. | ndﬁme@lemak the MRV 0B Hd pOR el iRG raipy R {036t 29,600 to Gbordn ¥,0@ OUPS
having up to 12 carbon atoms discussed above. For instance, Rl 15 and R2

can be selgéE?led‘pPlr‘\‘ii‘éEe‘ﬁﬁéﬁtt‘P yedite ghatHhe M Hpn beeselegted frmmgheut 2001 | phenyl |
benzyl angodt 3oy, AMeGOAEH0Y ag&t@t)@o@%%&t 602000t Qﬁoupwawtabba\/mon R and

R2 an aryl group havi ag carbon atons. Alternatively, R and R2
can belomstalﬁ\‘}/‘lt %Ooﬁhé‘?ﬁﬂt 100,469, e@hﬁ’uhtll@@%tab@lﬁel?&ﬁoo@l aboydl 19,008 fﬁh)éhyl I'n
formla (lho,oftavand siabo absu 1BISHEMER! 175 obb Abott 1REHRACARY190210020
hydrocar byl silyl group having up to carbon at ons an tan be any
of the hydbotdPBoio0, @bomﬂdﬁﬁﬁ‘arabymtsﬂmgﬂpombowtp@%ﬂ@m at@uu%(l,(‘wOZ& dmnbon at ons
di scussed A e t] met hyl ,

at hyI or Og@ﬁ(\/@ %/nﬁi?’ A%'agloFﬁBr kl{}g@%l 9a W?‘hlgbe}a éanige fI'OlI]l'le qumil()ﬁf)o tc'i

tri met hyl sbéut250, a(B(U(fox‘rwampllcethe Mwwlohhﬁfgeéf&peﬂiopt RBGK)OandchiBBSG) peppendent | y

are H n,.formul a up 25 havi ng
PAR R R e R e e R L T L R R

i ncl ude, Rao, OQI)r g/nobt Lildemlsteﬁdl b'(her rmgdiyiscldtd fidreinshofy lbe ibtgipydted med’lt yl,
hexyl , ethen 0 but en pentenyl, hexenyl, and the Iike. The
C2-C10 al %R ‘fr 55'5)5%8 SeﬁB’P 3 ’F%d to the regiochenistry of the al kene

functionality, Applta@Redefvel thdEight t8/prBiANGNRE exAfdeding GHESRalahaMR:S €l ati ve
to al kyl groups. In sone aspects, the olefinic bond is distal fromthe 30

cycl opent REPBhSCH BTYRNHBCHARS 2k sibstaness or cambpatiops<d spbremeas withipdhtdant

a: tenn:o OlofJPB; ﬁgpéane@%aémtr%dé\bébr&gg t@%?ﬁ%re d?]lcmtaml §1tnhﬁ‘{%tnh9rn%f i@flzﬁys a |inear
al kenyl group having up to 6 carbon atomns n anot her aspec

et henyl , ﬁqaé%ﬁyphcagﬁtcéxﬁwe togéﬁpblwq thag rtht) édb mehsure pPthe dlsclosure for

2010 016 USRAOBPRE T4 RO B b 0

4- met hy| pést félimg40§mhe agpletatione [Fikker, Apphcams/xem@ tRSBlghhtOf prowish @u( b) ar e

and REB oo 1l indhySARANRYS, BEBUR OREIA Bah®. SO REo B e BT on

at ons 2di s(ch;;ss;)é,cbradm@\mem‘&&%ﬁmdlaﬂﬁ& gtrodmpérﬁdemyl ryastoamm;:arfts)bh@xatml e, H,

met hyl, et n.r I tyl X | , benz henyl and
the 1ike. aﬁm a{%%t g‘?/ tl}atesg}eﬁc%easﬂ %}bd ﬁ‘:ssg %/“ﬁ%ie% r%%rh’i’lf’y a%“ec, t but y! .
Yet, in amdthte thapeplicanbahdy tohaand 0|R5Bhaflﬁxe'fof hatfiling oﬁﬂféabﬂhdﬂgoﬁ 0 one

aspect of the sent inventio S Zr or in for a 0 each X
is i ndependentW)}’el&I compopiRons a’& "E)%‘H{?Iare Edqsgﬂbed 1B te&ﬁﬂ% Cgé"@nﬁlﬂéependent ly
met hyl , etviydus @J’iﬂfbﬁbnts dr Bepiz Vthe WARIoSkiBnAtand Gastho@NRawfaldd “adidisiR2 1S
phenyl ; R3A an F\YgB are independently H, nethyl, ethyl, or trinmethylsilyl;
R4 is 8t hé???‘lma”ﬁto pUn§Pnsishgk” é}f‘ﬁ/Yar‘OB?C%‘@WP@ﬁ?Pr stehsd RS5A and R58 are

i ndependently H, methyl, ethyl, propyl, or t-butyl. 15lllustrative and
non-limting exanples of bri dged met al I ocene conpounds of the present

i nvention include, but are not limted to, the foll ow ng conpounds: WO
2010/ 080106PCT/ US2009/ 006564 16



and the like. 5FIG 1 illustrates the structures of the netall ocene
conpounds enployed in the Exanples that follow Metallocene "MET 1" in FIG
1, is repwexemimbiose of the bridged netall ocene conpoun@#sTafS2000@0¢56€Ssent
invention. Metallocene "MET 2" is a canparative bridged netall ocene
conpound. Metallocene "MET 3" is a conparative unbridged netal |l ocene
conpound. 10Nuner ous PEFHAREDERESCRIATEONIQF THEAYYENKON | ocene conpounds

t hat b be F |
U'S Patent NotnEbRek iyl MR IRE P& 2 Sfgns RenfiE D)o
5, 436, 305 fo@rﬂ@!}nﬁﬂ@ cata] 9 &ym®itiobs, mkthod8 yr using 3He, 2MByst DorBRdsitRAS to

5, 654, 454 880 509..427 i be such neth O her

processes PP ﬁgge glrzgnsmg}e Oiyé%eerﬁéesn}:san%(gdﬁﬁcg%s"l%sﬁcﬂﬁ?taié’%coﬁg’o%‘ 50§ |n t he

present i ravt@mslmoducw ukuagftmsadaoiymdreésamsenhesnsuqiactashe peppt inBntidd t, H G

J. ML Catgal 5, 23 Kaji Kadowaki, T.; N shida, A ;

Fuj i saki , %ateﬁ Ialne ejfhp ?r'?eﬁléata?eoﬁé?cfgﬁ S%%B’iloé‘f%? COPPIUPEN, 1986, 59, 97; Alt,

H G: Jung, l\/bontdﬁﬂhg a ﬁtal;]st “compasito twithGire Blefid Hdhonded 2nd 9 3JeatBdne Al t, H.

G ; Jung, anonet 1998, 56 87-112; Jung, ctoral

Di ssertat i’ gﬂﬁin %’G’%ﬁ?’v'érugﬁle{ypo m%‘ﬁ?@hfﬁ“ tB)aWrt&Rrﬂducéear’hﬁﬁgl W&“f’ Pi ef er,
B., Doct OI’v&IereDl ssertation, University of Bayreuth, Bayreuth, Germany, 1995;
d Z | Di t at U ty f B th, B t h,

aégr maﬁl@ 199 4 %ﬁgta yg'li qom%?]lgtrnf ?cg%p?r?sg%% Qéé‘\{agzggrlo%t (())f at lggls{ glllje metalloaégrrleeu

2010/ 0801@&9@[]@33@&%&?&&&4:(1 tidaforlescri be su?:lh rre%hhods Wi | ?S P. C;

Coutts, R S. P 0 H in Oganonetallic emstry 0] Tltanlum

Zi r coni um andt}ﬁé’f’]r?(m?ﬁ’fatﬂeé’d@ﬁ?sds C‘Ng\‘/\Ft%F‘l%he nigyeace of ydrogem and 3. - Lappert,

M F.; and Rasﬂ@%leﬂ@golymer@ﬁ@zfﬂaﬁéBYW/NQ@}'M‘QOO&ﬁﬁpaﬂioum and - Haf ni um

Corrpounds Hal st ead Press; New York, 1986. Methods of producing 5

net al | ocene coQﬁ?@&ﬁﬁPWéﬁ, &apelpaeenprdyhedlike esanke asqseads ugng tthd

i nventyison cahestloidoSBiems bl befodareEmd 3400 dose® Réfefhl 79044 and

uU. S Paterclt plcﬁgdgtl on No. 12/0001 r7331 Pﬁlgﬂglﬂsc osureqsS o?l w&l ﬁQ

i ncor por atisénererag) dthyigner eqlpnemefethi rPreseni imveniitonraanybe ql@raq@ﬁIZGMWﬂ%ESUPPO?T

The presentpdwiy, l)h.gg} %ptfggasses various catal yst conpositions containing

an activator, dn’'be an activator- support. In one aspect, the

acti vat or - supp@ﬂleltemﬁiose@oat(bhmb@aﬂ 100-¢f Y0emined sol i d oxi de.

Al ternatively, .t conprise a clay mneral, a

pillared clay, aaaﬁgggﬁ‘*/@g %ﬁgogg?ol iated clay gelled 15 into

anot hed oxi de m@tvpllsxszormdoawedenhbshdm,cate m neral, a non-layered silicate

mneral 3 VYRLERALT] AR Ehoal Sl BB Bl TR vator-support

cont ai ns Br onstee@tham: atbomnis%o Cweighyr afliths polfer eliedrbelalvl ytempedivedos4ad i d oxi de

exhibits e hanc d ty as conpared to the 20 correspondi ng untreated

solid oxi Mﬁ%ﬁ‘g {Fhe chem cally-treated solid oxide also functions as

a catal yst activator as conpared to the corresponding untreated solid

oxi de. t he eat ed solid oxide activates the netall ocene
in th@sabmqégﬁgﬁyké% is not necessary to elimnate

co-catal ysts fTrpiehat m&&lom&&nmmq&idrgwﬂletﬂb&na@&my&ldd%vﬁlg'BGMaon of the
activator- sypp ort is evident in the 25 enhanced activity of catal yst

conposi t i G¥Flepentadigpy and a dluggaplameiety. o 1 ®at3PSFS tof dBipB¥stiPBNSIEb it ai ni ng
the corresp@ndinitgallébédedtPPurtitak theQyintl@a: However, it is believed that the
chem cally-treated solid oxide can function as an activator, even in the
absence of an organoal um num conpound, al um noxanes, or ganobor on conpounds,
ionizing ionic conpounds, and the |ike. 30The chem cal ly-treated solid

oxi de can conprise at |least one solid oxide treated with at | east one

el ectron-w t hdrawi ng anion. While not intending to be bound by the

follow ng statenent, it is believed that treatnment of the solid oxide with
an electron- WD 2010/ 080106PCT/ US2009/ 006564 18 wi t hdrawi ng conponent
augnents or enhances the acidity of the oxide. Thus, either the
activator-support exhibits Lewis or Bronsted acidity that is typically
greater than the Lewis or Bronsted acid strength of the untreated solid

oxi de, or the activator-support has a greater nunber of acid sites than the
untreated solid oxide, or both. One



5 nmethod to quantify the acidity of the chemcally-treated and untreated
solid oxide materials is by conparing the polynerization activities of the
treated awo 20mwosembed oxi des under acid catal yzed react iPOmAIS2009/006564
Chemical ly-treated solid oxides of this invention are fornmed generally from
an inorganic solid oxide that exhibits Lewis acidic or Bronsted acidic
behavior and has a 10 relatiyery\ high porosity. The solid oxide is
chemcally-treated with an e fawi ng conponent, typically an

el ectron-wi t hdrawi ng ani RPAt A\ fof Yt i VYT - support . According to
one aspect of the present inventiop\the solid oxide used to prepare the
chemcally-treated solid o de hag
cc/g. 15 According to anot
oxi de has a pore vol une gr§§§
anot her aspect of the pres
greater than about 1.0 cc/g.
surface area of from about 100 to abo
the solid oxide has a surface area out 200 20to about 800 n2/g.
In still another aspect of the preE% t ention, the solid oxide has a
surface area of fromabout 250 to abouﬁ?ﬂ%o n2/ g. ), whaem

chemcal ly-treated solid oxide can conprise a solid inorganic oxide

conpri sing oxygen and at | east one el enent selected fromGoup 2, 3, 4, 5,
6, 7, 8, 9, 10M'%dTi, ¥2.orH3, 14, or 15 of the periodic table, or conprising
oxygen and at |east one 25 elenent sel ected fromthe |anthanide or

actini de el enerft § ipdspendeptyyFayels Bwﬂd@ﬂyédp@ﬁélm}baﬁHﬂQﬁlﬁan‘&rsgﬁRlit h Ed.
John Wsl ey i&rerPt id 990 alkPtdr Ofhy p hVihKi lngQ@ 12G‘carbM’lr hlohR; of-a A and

Bochmann, M, Advanced Inor%anlc enlstry, eylnter50|ence
1999) . Forhyéseearpylexide Beoupn® hydacasbyismine 2P, ebmd@earbxlyr@érgrm agf | east
one el enerbtfw%%%sﬁﬁ&eu% arbdh atbifs: Bi, &, Co, G, Qi Fe, Ga La, M,
Mo, Ni, Sb, 30Si, , Th, Ti, V,, W P, Y, Zn, and Zr. Sui t abl e
exanpl es of soﬁndcdxﬁde materials or conpounds that can be used to form the

520, i 20108 odb 1 Beret BRGBEuNDRLER kot nal Bl LTS 5 20

CuQ, H@ZO&KmGa@ﬁaﬁmmaE@§onwhﬂﬂﬁnm (G8an Mylgro® 05, Sh205, Si 02, Sn02, SrO,

the present invention, the solid
aboulX0.5 cc/g. According to yet

n, the solid oxide has a pore vol une
not her aspect, the solid oxide has a

12$§%n2/g. In yet another aspect,

ThO2, Ti 02, V2 5@ E3Y20 Zr 2 nlxed

oxi des t her eof r|enl§ eip(e)?fgh 5{38{) grocargya}n%l&léfdr(icﬁr yijsg?'l %O%g(i de can
be silica haahgmp tho c&rﬂdncaamad um na, al um num phosphate,

het er opol yt ungst at e, 2|r oni a nesi a bor| zi nc oxide, m xed
oxi des t her eofi bsana?HSth(? %g"ﬁ%l o8 Tvﬁrégr‘éootg% ar%o“bﬁ?@s 3% d oxide of this

i nventi on enco@"amias* axd idl@eperdently 8l 6t atiy@focabyBdroup ding up ts ed carbbile”
conmpounds thereof such as silica-alum na, and conbinations and m xtures

t here m xed oxi de conpounds such as silica-alunina can be single or
10 mul'tiple chesinaad (Dhabe& W hbt Aedighel NRN sve siléctheBRIFPI ste domietidl OXygen
to forma salid oxjde conpound. Exanples of m xed, oxides that can be used

in the actPOYHPHRE gﬁfaﬁérfferm “’tOFFé‘ebFee%e‘ilﬂs formpmda s noh inteided iRadispay ©i8 08 not
limted tQan$isbined; & RIBE diastSiebistmbds), althdgh ShdH CRppUAAINE BontdfNhied €S,

vari ous claé mnerals, alumna-titania, aﬁunlna2|rcon|a zi nc- alunlnate
and the |iaR emTSWhﬁaébb€¥%%ﬁnMPthdramnng conmponent used to treat the solid

oxi de gan be amye %&mqn@a%nuﬁéﬁgs MNGE RAR&ESTI! BE drqw SEQh, Bk Ahfith g gidity of
the solid oxide upon treatnen as conpared to t sollgCOX|de t.nat i's not

treat ed windependentdaist; hdBrel; é@ttb)dmhﬂmlhﬂr Bl r@;BBmzl aiPOsRACwarein Ry lﬁo one

aspect of n e is an
ol ot r one i enaf SEARTEhPYERRL 8o 1P RaLREIRRT O BN EORRIBER
conpound, h;t/d@harhxslalam@cgram, pa by@amrbylmlyﬂrgmupdqnytdfawhusieqcanehavaspao %ur ce or

Pt ar o narttPp ok (RS s ERARE ERog & BEOCIR M AR, kAl 1T O

i odi de, fluorosul fate, fluoroborate, phosphate, fl uorophosphate,
trifluoroacetate, triflate, fluorozirconate, fluorotitanate, and the |ike,
including mxtures and conbi nations thereof. In addition, 25 other ionic
or non-ionic conpounds that serve as sources for these el ectron-w thdraw ng
ani ons al so can be enployed in the present invention. It is contenplated
that the electron-wi thdrawing anion is fluoride, chloride, brom de,
phosphate, triflate, bisulfate, or sulfate, and the |like, or any

conbi nation thereof, in one aspect of this invention. 30Thus, for exanple,
the chem cally-treated solid oxide used in the catalyst



conpositions of the present invention can be fluorided al um na, chlorided
al um na, brom ded alum na, sulfated alum na, fluorided silica-alum na,

chl ori dedwei2biccemmbum na, WO 2010/ 080106PCT/ US2009/ 0065@¢TAB20000656€d
silica-alum na, sulfated silica-alumuma, fluorided silica-zirconia,
chlorided silica-zirconia, bromded silica-zirconia, sulfated

si | i ca- zi rtednviudle afl stregtirdbidorsérs, lowar drtbaariched, bf aigivenlewiety; Ifprexampledalal uni na,
and the | 'éﬁ?nﬁog{erscﬁ{aqllncﬁ%étqu@netrpgrre%%l'dewmﬂli%nfi}s ?ejhﬁgn%orno r}&sv‘gx{[ er;( rrn%yg ng
conponent conprises a salt of an el ectron- W rawi ng anion, fthe
count er i ornndgss etherwase spécifiddathegernt propyl ibmeae kemtlede fiporpyband is@piopyl, t hat

al l ows theg,5al r rt . or C se.back to the acid duri al ci ni ng.
Factors tha}tﬁ%dﬂ %%egrfleb%t ellé ?%f?tg%ilﬁﬁ?% o urlyﬁelsopgur li ng‘*X’r 84 lfty{’]%nés)é? ve as a
sour ce X orfottlhe Fet estance non-titnthirgwixampks bbHoctylnedmete inchude 2aatieyl hetyl lahdri t ed t o,
t he sol ubi ]| of, Jn the desired.sol vent, the |ack of adverse
reacti vi tyrleg#%flhg x%g?lle%ﬁ% Eull%ﬁl-e 62?}'} BIOYPRRTAE W et ndEie™ 4ony HAR 48R on and
ani on, hydrespdpied apROpeIQBRSS or SPgR?Y adlide, tuh areswdt tlintiyedtibienanylj ediyl, and t he

i ke, and the stabjlLity .of the anion. anpl es, of. suitable cations in
the salt oqfoqy%g%’ﬂ’é’g{%%h?’%fﬁmyg\&cﬁgngﬂllqo?{%éﬁg?ﬁé{‘e]E)lift are not linmted to,
amm[]i um triald mylpa@mm\:eugbn,'fagﬂ rgaﬁlpﬁhdwiﬁgmﬂr)rtgi w’ﬁarﬁcataﬁ(ﬂ?bhdbﬂpaﬁﬁaQSphoni um
H+, CEt.2),2] +, and .t i ke. 15Furt her onbi natj ons of _.one qr .nore

di ffelr_ig)nt bé’%e%l’lr%’ﬁ-aﬂ]?lgﬁr%wpﬁgaéﬁ!f%sﬁé‘,"ﬁ‘i‘dﬁ’ @‘é&a{fi B s de-tRhs, algﬂh be used
to tailor subsingqeehéiy, asphiiyly aid]-tubetieti Haheiyi,S PRI §ubk@uielca@si r ed

| evel . Conbi nat.i ons. of e‘i(?ctré)g#v%]draw ng cqonponents can be contacted
with the d??lagylﬁﬁ strred alkylyand theelikrs| fevse. Peplipitgaseples o speh aml or der

that af f orfisiedebavifig@sédnest ahgydaadsl ¥* il 6BREH of SDLRM el pachyll bohzylFOT
exanpl e, one aspect of this 20 invention is enploying two or nore

el ectron- Pl h d At hspY o ntrisesitiydrherdnpehirdisthyh  phenylronybr hewibntyh e

cont acitsi NGrédyEPhenylethyl,dHdShe RIRE EXMAIRURIEe %@f@ie@, a%?gpﬁ%%ug}’su\eﬂ heh a .
chemi cally-treated solid oxide is prepared is as follows: a selected solid
oxi de conpduidalkyrereupiypadaitareim ipmedntitel inclusapd uagisisomersclonesampe e t h a
first el eqthPRryid MHRY Re1uad B pRaH idnQthatR, bidTfbed, lof St

m xture; this Tyim;st mxture i S@;‘% cpﬁﬁbgﬁ@gﬁ%ﬁl%bmaggté Wit ktg’é){second
el ectron- WAhdr awi ng ani on source conpound to forma second m xture; the
second mi xtur €The tetrllﬁefﬂ %Laﬁby Eqis ﬁé%dgl%e' & %8?3; g? égéalrgonoéld%gl Gl ound. In
such a process, the fi st and second el ect Fon-wi t hdr aw ng ani on sour ce
conpowds apdrindledes; biteis ndtelimuer tar argl, faled eotclathypotikety], d@kadendi ng t o

Compr seq aab e LaNBAEE Bioh TR a5y RRThE e and REBER P 0 "n

conbi nat i enbstfutédn amgatrsiititedy i ldanched, eliteat, Sor hbtatoatosn Ghbyringed |d¢rivativat ed wit h

an el ectrqn- 010/ 080106PCI/ US2009/ 006564 21 wi thdraw.ng conponent, and
opti onal | 3hetr?°ef‘\e<\t8é1§es§/\?4iﬁrwéserﬁ??% ‘e‘tjgﬂﬁ ,mcia’??é(fs%fai‘??gov}dﬁé‘tsé‘i‘vegﬁ‘?r??}”c al ions,

or ot her meatiscaprtd abait 0 carboPMOHES In Mdthet hdpett] MgIreaesp kRBpOHEantHace Met al  or
nmetal j.on i Rcll%Jde zi nc, nickel, vanad% u titanium silver, copper,

gal l'i uJﬁ\ tPn° EFHB%‘{ URMS: 18 PRI TR 5 FEBM UAPS:HIYPLP A CRIoRB atogls. A

conbi nat i apsrotdieylesilie ghoup/MNeRFor0f is Bed endricaly 36 tcRAt adits AkbAd®%hdles that
contain a tal or netal ion include, but are not |limted to,

zi nc- i mpr é5MATL SEHPSr e thesn SFAUAS, C2R | COHRTIEIMUP iSr akfva12dcarPembalarsd al uni na,
zi nc-i mpr egweh®d fahdoxdndaditiak uman?»lesz b Calk R At ﬁ?m&{a%ogioqsy Gie.
silica-alumna, zinc-inpregnated fluorided silica-alumna, zinc-inpregnated
sul fat ed AVeRPARRYIoNE GHPYRsH 1¢lHde anethexyat@hoxy) usprcred beiaxy, athemexyat e,

sul f atygd zj, L e ] -\ .

hexaf I380r gt l?;1{:i gﬁdgmggl?(gf Ms(iﬁt:h%e ggeclglgggg%% Flggl]nt gg{cgﬁyg\nﬂl{w %‘Jlalrll% ‘Sa“r?éd t hen

f | uori ded gengigalbheo| refer, coleddinglyc dmbilkdemin, tarplamifo, dialkylapriyo,mendod of

i npregnati i [ j A I . e net hod
by which td%lérgﬁgg%dg g'cméggf) e vmgét ﬂJeglwerr&e’p g?@%h%é@%?g%@%&?% fé};{galt or
nmet al - cont ai ni ng conmpound, can include, but is not limted to, gelling,
co-gelling, 15 inpregnation of one conpound onto another, and the like. If
desired, the netal -containing conpound is added to or inpregnated into the
solid oxide in solution form and subsequently converted into the supported
nmet al upon cal ci ning. Accordingly, the solid inorganic oxide can further
conprise a netal selected fromzinc, titanium nickel, vanadium silver,
copper, gallium tin, tungsten, nolybdenum and the |ike, or



20conbi nations of these nmetals. For exanple, zinc is often used to

i npregnate the solid oxide because it can provide inproved catal yst
activity WO 2a10/8M060St . The solid oxide can be treacedsasmioosset al
salts or metal -containing conpounds beff ore, after, or at the sane tine that
the solid oxide is treated with the el ectron-w thdraw ng ani on. Follow ng
any cont adeyentjomeanipsige up treatwohGcarewh atwms. ulpdrodarlgptsilye gro2ps inclupo bnd,

el ectron-w AW i t netal ion.i.s typically ibhed.
N Lo ot v SRR BRI Rfs M1 ook SRRy ek nfl BUACC
sour ce, arwhitthkavesipal0 sabdn aomaetFak egamplei nidagabyhijplugrdupr enciocitdet ed and

cal ci ned sj. ously. Var l.ous processes .are used to.formthe
chem cal | ;‘h%g@;’g s%fl%!d 8?(?“3'1@06@%1?% E‘ﬁulfshe presg%et i \%éoncf'ifbgﬁ).’“ he
chemi cal | yhytimeabgdemswo| all bydroerlndsilyt gropps sén hdve gott 8T tarBon ptoaduot of at
| east one solid oxid ompound and at | east gne el ectron-w thdraw ng ani on
source. | ta%tfrgathvggl ’ P%gow %aggo I’t%%’{‘s’frh%tg%roalsﬁf%so%{%& "ESHOBYUREYe cal cined pri or
to contacti ng thkeordingab roma-aspéchadf akd peesaimiinventonreach X he famutaady ipr oduct

typically.i 010/ 080106PCT/ US2009/ Q06564 22 cal. ci ned either during or
i Per -t ho REPioRE B0 TR Td ' PednisDLPIEIInFS Rbte PR R hr s ng
ani on sourpespoxjl,phessxyi dlmmwmlﬁmgommigaﬁﬂad@ectpal ledsnegk Hris Glﬂlﬁﬁétﬁj'lned. o

Vari o processes, to prepare soli i de activator-su rts that can be
enpl o;@d iPRED ioéﬁ' r?&é’rﬁ‘iag‘?{{‘?{ﬁ%ecbéﬁcg“f agpendentlygt-l & le, such nethods
are descri bed iThe Wridginkaitemt E, SinNetmul, @P74s ABQr 6, MaHi1e9RY, anfl, RD 4t 94,

6, 300, 271, (g 316, ggg 6, 3551 594, 6, 376, 415, 6,388,017, 6,391, 816,

6, 395, 666,1EPFRANYRT or gn 8L] oreryl o vingXip 19, 15 76bog 3toms; diayveygn at

6, 632, 894, ledt &ife Tof R and R0 Gn 4R0 B ThikpeRdenfl ORISR OfanVidl &) ATiRe
incorporated herein by reference in their entirety. According to one aspect
of the pr@dher 3l HAERSORYINEHI 1©012) @rhepi aengis@issed|abpee. Hey instance, R

chem o3l | ying RRaLR he RXICRAIARDERRNY ! [ OpRpfl =Hdit hdr awi ng
conponent , i ypi cal Iey an ellec%r onzlvait tﬁfméli awﬁﬁéﬂ}gﬁﬁ%}g’ g@ﬂ?qgﬁ&lggﬁhfﬁ%r t he
solid oxi &’é"zi’rgtaéii tedyl. opacowing toyone gspesbof helpregent inventen, B tand R et al i on, and
t hen cal ci ] 1 ni - net gh - | oge

chem cal | ;B?%ggl? eﬁg?@g}lugégggi% feb?gﬁlcézo%)sf d'? %egrﬂ %uo hgt ﬁg@agggg‘% %gpy% Re pr esent

i nvent i onphenyd vdetdimatdsastencredRepndR” mmpHersll.ect r on- wi t hdr awi ng ani on 15sour ce
are contacted j ' isaneo . The neth whi ch the
oxi de is cont ag{]ggﬁ@m!ﬂmn?ﬁeﬁ}é ect r%%— \lﬁmﬁ{i%alr]%\?\}l%glic%? %né%(ﬁgca%pl)i cal | y a
salt @0 amydocabysilyhgrospdevingmp s 20 dathon agmanifoh and R tancheuahy,of bt i s not

limted t | di.n Q- agel l.i i mpr egnat i of. _one coppoun nt o anot her,
and the | Ma9ei) BBy s TRAFEE 6 0 rBionBatrisIREHY AB0ea m t ur e
of the solR’taRDRYiindeperieaty caorbenfor bkl mathyeth@nstopy] bagiapertgf al i on,

i s cal cined. Th olid oxid tivator-support (i.e., ;.

cheni cal | $‘P’fy#’e%‘tyé&’e%%ﬁip§e‘8% ?Iéj‘mf’ﬁeigﬁ%laﬁ“‘{a@e ﬁ‘i&d Epfb%‘t?ﬂw aspefh Sceand

conpri si n®’® Indepsiidanly 419 H of ety OR‘de 6RO ds wh talkyllor laB@AJ1 dgaa@ el ectron-
w t hdr.awi ng .ani on source conpound to forma first mxture, an

252) cdPci rl?gY‘lE)g En K0 qagtonpfams, Suitabje plyhandialkenyh selpcpgnsder Roinrde dut support .
Accor di N akOnaNNE! @AY AiINBroBIEIRRN bEUANHERN, clrkfyls Ghdpdngx! de
activator-support (chemcally-treated solid oxide) 1s produce a process
conpri si ngutenyl, penteqyls Bexenyls prihthe fike. e Thg Crofw allsnylgrepn ig@otlimpesliadheni t h a

first el egdgi@Remidiry BEtRWIREe AHcAShaRBL hEECHUPRHRTor RafBEANS disbisita M Xt ure;
302)calcining the first mxture to produce a calcined first m xture;

3) cont act bRyt Rlativeatocalind eroynss tin spmee \@srecty the olefine berfl is| distelr femwhe hdr awi ng
30  cyclopentadienyl ligand and, therefore, can be described as a pendant alkenyl group.

For example, in one aspect of this invention, R? is a linear alkenyl group having up to 6

carbon atoms. In another aspect, R* is ethenyl, propenyl, butenyl, pentenyl, or hexenyl.



ani on source conpound to forma second m xture; and WO

2010/ 080106PCT/ US2009/ 006564 23 4)cal cining the second m xture to formthe
sol i d oxiwe 2aovisvssor - support . Accordi ng to yet aneChas2@opesss4 of t he
present invention, the chemcally-tredted solid oxide is produced or forned
by contacting the sqglid oxide with the electron-w thdraw ng anion source
conpound, Awedmghh& sen belamxlkeny! ewnp sushcesiadlyk dbtenided, petdned-pl bexeduri ng, or
after contsantiRdul it eal # anudadhavingdl o source, and where there is
a substantial a9§ ncemqf al um noxanes,’ or ganobof on or or ganobor at e
conpounds, andRi‘oandzZRngn ifermiuta dparp dudegendently H oEal iyidricanyybgrouhbavingeat ed
solid oxi i ed_ | i Le. . tcally in a
dry anbi egl? t(g'?? mg)arsrp Ile&r{%ﬂ,]sc"alt(:io‘i'?ldqll%i gisnpgarna U g 0? E}(%rlrls' gﬁ)gu#ﬁofsg%ghﬁgn% éggqbout 900
C, and 5f orl2zatbonetonfs dadsnssed abavien B2 andR Ebodeped@@tiy carr e, f@aixemplent, can be

conduct ed u f fr aho 00 t 0_about o]

o ter nat it SRR B ehfE e v e, O RS anl ol gyl

Cal ci ni ng asetherbrspentnkiticand R P andepbwdshtlyl afeokiror ttdbugfhoet,5@ dnothes aspect, f or about
3 hours t Wt sdhours.. Thus, for exanple, calcining can be carried out
for about%f%?g §H§gtzf6{ﬁ%ﬁ¥s at a tenperature of 15 from about 350 Cto

about 550 C. AAycading abbe apdit efithe prasas pientor; MY iB&r enHF dyfemala()ng

cal ci ni,ng. er al cal ci.ping s conducted {n,,an .axi di zi t nospher e,
such 28 aie?c.%e%llf énréﬁé?nidsrgly &,:Eé‘?'ne%?yrlre?rtﬁ’ﬁ?’;jrbgp‘ﬁg"g{, aé‘ﬂglﬁz Yg 1#3?@5@} or argon,
or a reduacnetiyl athydsgieryleor ismeyl, afierbiyncht Ggetonerof RAraho R’ nDpisy I R** ean be used.
Accordi ng @ one aspect. of th resent invepntion, the solid oxide materi al
is 20 tréat&F Wdf’%eelgerg]é'u CE‘egT ’h’?iﬁ’f dér inHH?tﬂ§]ﬁ?¥qélRe 1§ Sffenyly PEOPEBYDI nat i on
of ani ons buepyli ONRhieyylt BRERFdandiR°A akt if@pBhden8N H, afdehyl, ety 1,GRbsiINRd- t 0
provide the chemcally-treated solid oxide in the formof a particul ate

sol id. FoP“@ianple, the solid oxide material is treated with a source of
sul fatig (t er nedgratiil dnatdonQinRER8E examples SOBHERJthetslcOfd Bdmpdindd ber med a
"chloriding agent"), a source of fluoride ion (terned a "fluoriding
agent"), & picsentgnicstipn mstudebut #e pailimitedie, the fadlowing qomperrssi de t he sol i d
oxi de activator. Useful acidic activator-supports include, but are not
limted to, brom ded alum na, chlorided alumna, fluorided alum na,

sul fated al um na, Wfom_ded 3\!|ica-al um na, orideeh silica-alum na,
fluorided siligg;a i
silica-zirconia,
sulfated silica-z
wi th hexaf | uoroti Panic
hexaf | uorotitanic aci
acid, fluorided boria-

diBYj ca- zi rconi a,

i{PMcBO al um na treated
m™egied with

h hexafl uorozirconic

tetrafl uoroboric acid,

F déd silica-zircbRva, d
tagll a,zeftCori ded silicBbai

i d¥Clsi | i ca-cl ad mhdmi
i ca-al um na treated

silica treated

as a pillared nont
or sul fate; phqggppar
treated with sulfﬂ;e,
above. Furt her, aFyzbt
with a metal ion. P
fluorided solid oxide i he formof a partic
solid oxide can be for by .contacting a soli xide with a fluoriding
agent. The fluoride ion can be“added to the oxide mng a slurry of
the oxide in a suitable solvent such as al cohol or water including, 10 but
not limted to, the one to three carbon al cohols because of their
volatility and | ow surface tension. Exanples of suitable fluoriding agents
i nclude, but are not limted to, hydrofluoric acid (HF), anmonium fluoride
(NH4F), anmmoni um bi fl uori de (NH41-1F2), amoni umtetrafl uoroborate
(NI'-1413F4), ammonium silicofluoride (hexafluorosilicate) ((NH4)2Si F6),
anmoni um hexaf | uorophosphat e (NH4PF6), hexafluorotitanic acid 15 (H2Ti F6),
ammoni um hexafl uorotitanic acid ((NL-14)2Ti F6), hexafluorozirconic acid
(H2Zr F6), anal ogs thereof, and conbi nations thereof. For exanple, anmmonium
bi fl uori de NHAHF2 can be used as the fluoriding agent, due to its ease of
use and availability. If desired, the solid oxide is treated with a
fluoriding agent during the calcining 20 step. Any fluoriding agent
capabl e of thoroughly contacting the solid oxide during the calcining step
can be used. For exanple, in addition to those fluoriding agents descri bed
previously, volatile organic fluoriding agents can be used. Exanples of

vol atile organic fluoriding agents useful in this aspect of the invention

i nclude, but are not limted to, freons, perfluorohexane, perfl uorobenzene,

- T ~r~ i " S T T 1 T T 1 N 1 R T g, o I Y

optionally t¥eated wth fluoride, chloride,
o' ‘ hat es optional ly

, or chl 6P¥de
Gctivator- 5Bupf
cYdm cal | y-t r eph=et

Qpgji onal ly can be treated

™h@xi de can conprise a
solid. The fluorided

o



Simlarly, in another aspect of this invention, the chemcally-treated
solid oxide 30 conprises a chlorided solid oxide in the formof a
parti cul ave 2enlasoio6 The chl ori ded solid oxide is forned PgTasea@obésey a
solid oxide with a chloriding agent. {éhe chloride ion can be added to the
oxide by formng a slurry of the oxide in a suitable solvent. The WO

i 54 e eated with a
'qi g agent capabl e of
'ﬁ@ t he oxi de during
J-+€l organi ¢ chl oriding
or™gani ¢ chloriding agents

per chl or obenzene,

chl ori di ng agent_ di
serving as a sdtifce o
t he cal ci ni ng stefheanb
agents can be useth

gal ci ni ng ep- ‘
of | d&Bdnd t hor8ughty
e%ru\s\ed. For exanplP8u.
Swcpf suitabl e Porafl
5 include, but are not ited to, certain fre
chl or onet hane, dichl or hape, chloroform ca tetrachl ori de,
trichl oroet hanol, and the X1 Ke;Qr any conbinatio eof . Gaseous
hydrogen chloride or chlori‘ne itself also can be Used wth the solid oxide
during cal cining. One conveni ent method of contacting the oxide with the
chloriding agent is to vaporize a chloriding agent into a gas stream used
to 10fl uidi ze the sofiNd_oxide during cal ci nathon. The anmount of
fluoride or chlqrje ' CBE before ca ) g solid oxide generally
is from about 2°to by Hei ght FBihere WY& Wéi gliBUper cent is based
on the wei ght of the. , for exaﬁbhﬁb sidd.ear al um na, before
cal ci ning. Accor diPh t no™oer aspect of Pl SN, _pvengj on, the anount of
fluoride or chloride i resent before 15 cal¢7nyng the solid oxide is
from about 3 to about by wei ght, and accor t o anot her aspect of
this invention, from aboutXx4 bout 20% by wei ght”. ce inpregnated with
hal i de, the halided oxide” can be dried by any suitable nef{hod including,
but not limted # ,lguction filtration foll owed by evaporation, drying
under vacuum §B §§ l?'ying, and the like, although it is also possible to
i nitiatse the c#Gi nilngtrASsthe ptridtiresoBthe metalibédne ebmPsutids gmbleged Hphegnat ed

solid oxide. The siligca-al um n; ed to epare the treated

silica-al Wakfﬁﬁvggp?V'h&@mgoﬁﬁ?e%@%fdnéngﬁﬁgt rIS{TRBERSSSHHASYE 0. %€ cc/ g.
Accor di ng tridgeN@e@BRREE cthpduns Bf B8 PRdsedtINRAtILONMekdIRcRRI* MIPhUREa i S
greater than about 0.8 cc/g, and according to another aspect of the present
i nvent i on,CORPEAt Yy bridgsd %%menfﬁemeew&- Mgtaterspe “MEd Ij isiacompatativha 25
gener al | y JagsdRd sieidiRe&ebRBogHacat er than about 100 nR/g. According to

anot her aspect of this invention, the surface area is greater than about
250 m2i0g. Yet, Numermstmieqesss e prepatehkridegd fegtalogeneacmpayndsathet cathbe about
350 n?/g. loved NE @is! inS&tidh Uk i N S ' ion
typically eﬁlgsoygn al ur?‘i rr11a é%nt%gg'?a?eggngleg ogt gm% (Q)%g'g‘gg’t %%a@%ﬁ%&ﬁgm .
Accor di ng %181d3% Ss38662.0f 1.B1%636305.40vEAL | BFR0,3120e afimItha TAHMLER of the
silica-al wy §Scf b t % %t bout 30%
a1 urm na by SRRt o e oP bl DA, 3k B, IO IS 802 U na
conpounds 6c¥A.4@dessyibel suchrmethadsh Qthee padcassen® wepare metalibcenh esmpoun@s

2010/ 0801Q6P 6 26 sil.ica-al um na conpounds typically ranges
from E;I)]%ougE Qaégyo' tﬂ gzea gé#gdg(% © Fesgljlrtdrrwegl lgrﬁtca%g%ffc)%nda noﬁe?er%%q Slé%ua ‘na by

wei ght . AdSpplimqle,dly6t Jaol @iralat 2001, 045, DB Kajigaestif $.0Kadowgkisoli d oxi de

conmponent rises .al.unin ithout silic and cor di nqt her aspect
of This i VAR FuRekes Pl bt Qe it apris 9 bR S0 Amou

5al um nai H.G.; Ju'ﬁg;aMSlLKéh_a,tG.d]. ﬂ}kd:uld)_méxi(demcm is;:gstssuls}i;am, H?G.;auﬁgolti d Ioxit de
conponent, such.as al um pa or ica- na, i ormof a particul ate
sol i d. Optl\d'o#alhqrﬁm‘f”ffé F’fiatlggé’ogg‘ge?.}'g(%’r g&i‘lge&/lf ?‘H%‘iapvﬁ"'ﬁsr?rté’%t al ion
such tipat Udieras! 6 Batewshll Bak&th, Gdrheny 09P7; Bigfer,aB MBodloral ASiSRIEidH) t 0 one

aspect of the present invention, the sulfated solid oxide 10 conprises

sul fat e artdirRH Bayviepths Bageyth<fermems 199 @nd deikaRedPosternl Ngsertatiqnsr ned by a
process WhafiRirdiyt be B%}démh[‘fiadyﬁeuﬁf, a@drednyM 19942 S f RNSWRRBURERIses’ Also €XaNDI €,
sulfuric acid or a sulfate salt such as ammonium sulfate. This process is
generally performed by formng a slurry of the alumna in a suitable

sol vent, such as alcohol or water, in which the desired concentration of
the sul fating agent has been added. Suitable organic 15sol vents include,
but are not Iimted to, the one to three carbon al cohols because of their
volatility and | ow surface tension. According to one aspect of this

i nvention, the anount of sulfate ion present before calcining is from about
0.5 to about 100 parts by weight sulfate ion to about 100 parts by wei ght
solid oxide. According to another aspect of this invention, the anount




20 of sulfate ion present before calcining is fromabout 1 to about 50
parts by weight sulfate ion to about 100 parts by wei ght solid oxide, and
accor di ngvobaosrasbiosanot her aspect of this invention, frecraseey/0dsss9 about
30 parts by weight sulfate ion to abogt 100 parts by weight solid oxide.
These weight ratios are based on the weight of the solid oxide before

cal ci ni ng.desonibe suchpretiyniat &dhilestth GuTdusts,R. S e Weipdldt Bdindiggdenetallibe 25
dried by thdlncludln but | i m ted ion
filtrati OW%‘ slgﬁm?gbjrﬁ?"u va%%coélf ynand ﬁhfn u‘gc demlcach\%r% @Bﬁ"?&gﬁr ying, and
t he |ike, Gikdildugh Lappdrs MIIScnnpaEasmb,lce IIpClnamltmacbfeOrtghmo Zatcmmm agd st ep

i mredi at el Accor di ot h a ct res i.nvention, the
acti vat or %%r?oﬂg‘e‘wdf nﬁgF%B‘é Hiiok ﬁ‘?&' ilg?fq(a Vgs Eﬁ% mducfm% hi s

i nvent ison rdHTRE¢RESMPBuRd3 WAL Sartgeaiyl€yed 30 sarat hspattoof ﬂu$)pﬂéﬁt;onlam:| udi ng
but not lim edto |i cat nd.al um il Lcate oun eral s,

ei ther wi tdI‘Fcfo ‘ifie’rneld a?‘?Bhs}‘bjﬂfé?%ﬁgt 2(8)?{4]?%@4 adﬁgﬂ%o#ﬂfeﬂtagﬂ’)lhcg Yhereof. In
anot her aspgaeb/oof, 733"Ilt1$e diRIedtds VT wHidhare X bpogeaitietsin b Yefeetlce in their

al um nosi li cates such as WD 2010/ 080106PCT/ US2009/ 006564 27 pillared cl ays
are used &8W&Btivator-supports. Wien the acidic activator-support conprises
an ion- exchangeabl e activator-support, it can optionally be treated with at
| east one el ectron-w thdrawi ng ani on such as those discl osed herein, though
typi cald y AGHVAJRRRURBRBdabl e acti vat or-support is not treated with an

el ectron-w t hdrguhRGen? HMVeRMibn encompAeEAaHbiRGatal sEMIMBIi0AS REdinifg af he
present invention, the activator-support of this invention conprises clay

m neral s HauvaRy, shidharife b B ASHYAYNSPROTH 118\A8F 25Beeh Al ACHY AR RAK ng.
Typical clgy E}e@ear alenﬂ&dtwywetaea SHBRRIdES Am,kmgly, hutacawaopmppbﬂt i ed to,

i on- exchangeg l'ayered al um nosilicates such pillared cla s. Al t hough
the term mmps&qom}ay miperaly gendllared clay, mxfﬁﬁéﬁﬁltd@}'@ abéx%lﬁ‘if:’tircllﬁé/cg 8d an i nert
conpongnt c t ther jidgred an
ot v parfie pOfpcBlid ¥t @ TRAR it il 3 MAIalched Giofe SATELS

associ at i dayevddt hlunfisositeh &l hun@mle z ompdayergd, aluminosileetsr ditingrak, oorady her

aspect of th t I v i on
enconpass AR Beisek AT e bRy SingPR P Bk b B OF, oy e
Wi th 15 vairdupss i ons by wettl ng, | on exchange or pillaring. Typically, the

clay materi al tiyvat.or-su 1. hi Lon. ¢ t hat have
. ﬂ'é%ahwlfz},}l -t ag s 11 Ic»gﬁes ex%ubﬁ%l u nce acuf gp ?gli r%!i ﬂ(’)lt?lﬁ

been ion excha

char gezh nedoarkspondipg extreadd suis. oﬂTldB/\/eMﬁ;ﬁqunﬁ hél"helcﬂmymllmtlg-ltnealbd solid ox1de
activator orts of this invention also ass cl. e been

i on exchar?}?o‘gwt‘(oﬂs &} Fftialyggetgtor, ar?c"loﬁla?rﬁ‘é?o &'ﬁngﬁfﬁpomli H%IP%%I?& Z lts of
A1), 28kR(| MhileF@e! dhepnicaBipdredtad Isblid wixide Adtlgaamhes uhllasenbaini the,

acetate, sulfate nltrate or nitrite. Accor gg 'g anot her. aspect of
the preserAPiiy8hETEHaYHhe! é?c‘tqt\i‘é?eé?a%thfJB?‘E‘atEGHﬁf‘Ya & ot @AWFicl ay. The
term " pil | aRdsicdRY " TheS attpRtlod Fuk@ibRT oft qlecmwamwpbal & &hadnthaveebeen ion
exchanged with |large, typically pol ynucl ear, charc?ed net al conpl ex
cation& Eseh#fsPe ScBitys QE IFatR bts CorARASKHgS, asbﬁut“’l&’rl"e %o?oq‘l?aﬁ? & 2t el ggi n i ons
25 whi ch cam-Bausn %B%&ﬁfg &iectbr?e%p&tmgveﬁ&e@ea Rmaysxaret ablategsit and ot her

| arge ions. 'Fhus the termp |IIar|%‘g refers to a sinple exchange reaction
in which t%e@ﬂémmébm@aﬂtaﬁﬁﬁ%s oxide lcary funpliy 4s AN aghivatregyeadtiew t h
arge, N oftkohef AL edRRBmiAME RoBoliR0dhhilRAfRes, HBRGRAI KiRpbagat | ons
are then i mo |I|ze Wthint Interlayers of the clay and en cal ci ned
are converipeding cometaposrdsdend'thé likars, " ef fectivel y supporting the 30 clay
YT Sas O e chfic NG B o glag%an Fist Mk B Laiadhiadrand oal ci ned
to produce the supporlt g ars et Wee ayers, the expanded | attice
structure wih askast anmeebtmndmt}hlmvpog e, lesleemham:)ddlg tdthe boemdiby thag por es

in sh QHOREETLYSRY09( 90058
Funct  on oR DRRE STt B Eral o R AL S ettt 5’“‘“‘7‘% o

Exanpl es of pillaring and pillared clays are found in: Pi nnavai a,

Sci ence 220 (4595), 365-371 (1983); J.M Thonas, Intercalatlon Chem stry,
(S. Wiittington and A Jacobson, eds.) Ch. 3, pp. 55-99, Academ c Press,
Inc., (1972); U. S. Patent No. 4,452,910; U S. Patent 5No. 5,376,611; and
U.S. Patent No. 4,060, 480; the disclosures of which are incorporated herein
by reference in their entirety. The pillaring process utilizes clay
m neral s havi ng exchangeabl e cations and | ayers capabl e of expandi ng. Any
pillared clay that can enhance the pol ynerization of olefins in the

catal yst conposition of the present invention can be used. Therefore, 10
suitable clay mnerals for pillaring include, but are not limted to,
aIIophanes snectltes both dioctahedral (AI) and tri- octahedral (Ng) and

S " Y o T I 1 -, [ T -,



15 illite; laponite; saponite; and any conbi nation thereof. In one aspect,
the pillared clay activator-support conprises bentonite or nontnorillonite.
The princwpablogsomenent of bentonite is nmontnorill onitePCT/US2009/0865p4 | | ar ed
clay can be pretreated if desired. Fors exanple, a pillared bentonite is
pretreated by drying at about 300 C under an inert atnosphere, typically
dry 20 nivifhdieving ¢onpaboiauggichis wr sphapedsothe atidiongf thdchesdtlet oTTulsgeither

pol ymeri zgf, etr scri bed

her ei n, |? és iy tgg%%ep% cf% spoog‘bisﬁd;tﬁéﬂsgg p?cé%g’pt?‘at ISEEEP @ %aZ?r?tﬁaend out at
many _ot herthe éﬁwerca:t Bmoestediadidt streegth afntbé undtreayehsqhdcmdha natthencidfatdrenrper at ur e
and time ﬁ)%?t ha e%t r‘ﬁ'ﬁm%'e"r §Fafid% sricsoh ﬁ-naleu%trbsxec{ hlh I nventl g}n zoThe

act i vat or - suppor prepare the catalye PR pr esent
i nvent i5on nedimdb qtcambfynmd amd;xiy oft hmerchlemmagﬁnmed; upxpmhtreamat @crlidab)sde

 nor gant & TS LS oy PR Ee e PO RIS, e B T pg PR or a1 <

t hat are wsels umtefwﬂ@catzhmedaE®timst limted to, silica, sili ca al um na,
alum na, titani nla |gnesi a. boria,. thorj | um hosphat e,
S0al urt num phoSARAFRNBRRLse TR e 2T iy Siiop b Bbe CpiPEly Hernbd o

m xt ur es tilegamid solidroxakRthaexhibhalewn a'bid&:l’ (&Cﬂmnstéfﬂmdlc behavior and has a

2010/ 0 OloaPCTiU 2 09/ 006564, 29 d ordi.ng to another aspect of the
present i nY&NEPORERRAYR- ndihg st t‘ﬁ‘éderrbgt %hefnd nereashpBiihgs destrope

pr econt aCtvﬁdewtuh'g @mpohet] HpEIROIElectidd-vaithdARGRNARd B0 foMaGabiaid for a
first perlod of time prior to contacting this mxture with the
activator- ERPﬁBort Once the precontacted m xture of the nmetall ocene 5

conpound(s), oL«eédramgwmspecamh@b&aa@aivulmdaumb SO sk & t&;ﬂ@ﬂa@@t ed with
t he activator-support he conposition furt her conprising th

acti vat or - }éfub‘tfﬁ"r‘?alllys‘re?@ldn%&dé’x“ﬁoé"%sc%)m’t)@c’(‘éﬂm rErsatqyrthan ¢ th)thé/@nt acted
M Xt urg Caching!th MMkbrtabhet E8RhOprelnt R ERRE, ﬁ@%lﬁ‘lchufeq{as@ poRCRAiEneer i od of
time prior to being charged into the reactor In which pO|yITEI‘I2atIOI’l
process wigrqatepghapabppteyS eefg. AP@?Xé@Grt@IWﬁ‘ganpéley@@e%tnﬁtthfepre@@pmﬁntm, t he
present i qyERtil 8Qide LN e conpounds can be
precontacted vhat?ll gn 31@??@%‘3’% r?g{repglﬁg%oﬁllta?%? ator-support for a first
period of ti melrpariother aspeetotheactid onjde hiss: swirfacaaren ofi frém abeutd 0 &ndmutim num
conpound 2t h f I I ogen d(s),
olefin m&%& /%azra9%?%?®g Ok,&;‘{’ tﬁé é& Os(éd%ch(?%\ta g‘ér{}%ﬁ Wit h fcﬁn gliqglPew

or gan@4l uré shout 3WnpTenth sttllmothonqxpsqtbf the praserithimventan e sslidgxidhéas a

or ganoal u co cted" mxture. The postcontacted

m xture cglrllr'i)‘Et)écrgf‘na%’f?’IOKM1§ ﬁ'at%gl?trzgrBrg nbolu%@ur? fier contact for a second period of
time prior to Ibbe n:gemmalﬂy)demaﬂ sbiid mxideecqmlcyrnﬁﬁsezat dotid inemahior oxidd
ORGANOAL UM NUM. COVPOL cat s of the
present i MVERLT ThOCER" 8’6% lf’%séo?)er% tﬁ‘bfﬁ)@oﬁﬁ‘féﬁ%dg’ ) gh; E}pounds

i ncl ude hof 11gne, riyti4] biis Sﬂthb('perl@dimw‘ldﬁc&ﬂpﬁsh@ $¥yged @fidvadl 18ast 6i6) 3AL; 25

wher e is an ali |c rou VI ng to 10 carbon atons. For
exanplzé ﬁ%m(‘?ﬁhsekégg th%plf“ﬂf e ‘t’flﬁcﬂnde EL??S?P“ (g¢e: | g%‘ﬁlﬁ’b’?lcon‘lensed Q her

or ganoal UthM[HaDDim&WSI 11MEdC, hol@xawliégt SUSEH, 1995cab@dny FTA COMRGEbA, NS

di scl osed herein can |ncI ude, but are not limted to, corgpounds havi ng t he

formul a: Afyss { Xe) and BeghpiapreMysAdwngedylnaregnisr Gyamistg 6 sEdn Walekoxi de or
an aryl oXiglerscigndd999E ., F? %xﬁn;hy dfd MBrgaBdxidk bah fdnffsd okfkeR and MAkdsi ve. WO
2010/ 080106PCT/ US2009/ 0065
one element selected from Al ‘B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb,
30 S4,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 chemically-treated solid oxide include, but are not limited to, A1,O3, B,Os,



30 In one aspect, X5 is a hydrocarbyl having from1l to about 20 carbon
atons. In another aspect of the present invention, X5 is an al kyl having
from1l towoOQowasbwn at ons. For exanple, X5 can be et hyl pCpruspgov/joo6s6but yl ,
sec-butyl, isobutyl, or hexyl, and th® |like, in yet another aspect of the
present invention. 5Accor ding to one aspect of the present invention, X6 is
an al kOXI (f@oorBlﬁv &d), 6303Qe, Crady Gies EstOwmtiaa0s,hagOf,r MmQs, o0 No@r bon

at ons, 0 ot t..J.nvention,
X6 is sel ectse’ gforfdglogh%@lf F&?@Eﬁf’%&? |6r e\?’é&? ﬁb%’?(éfleker O atnﬁ?ll%nhﬂaehot her
aspect, enqllgimgqtrqudn@uddsrthelhef fand womhinadrs ¥b3reofl X6p3 examplé, stha solidrber from
1to 3 d is 3. The valu ofm
restrict e&‘ild&é%heﬁ%ﬂﬂ& alu}n(%n ¥ﬁlﬁée:r§fél o?aérqu%rlluén P%ors%qte he%rqpﬁd'wsngg%{sgt]w hal i de
conpourds tmanmtziln@mmngglmal borian gine okids,treixed axipasithetsof, or any chnbimpties of

or ganoal urgd %{’]m conpounds suitable for use in accordance with the present

i nvention ude, but are not limted to, trialkylalumnum conpounds, 15
di al kyl al um nuﬂfhhsﬁlnddmdeoxfpmsmd'sntlaﬁl @b&yﬁﬁkdﬂlﬁkfdﬂﬂﬁa&érﬁ@@udﬁaﬁﬂmﬁunds

di al kyl al uni.n ng)qud,rlgle cog%)chg Z d ca nat i ons her e?J‘Jefl c
non-1imiting exanpl eSTBFOEHT ¢ %’Fgaaﬁo%{ H‘B?ﬂaCG é“af‘ﬂ’bsl &
trimet hyl alhmlltrrelsmlmrc(oTI\/FR}le niixddedxidel o@htpﬁmmsrzm(hTaEA)hcatandmlﬂa pArOfYydisdlel 68 nuM

(TNPA).,, tri-n-butyl.al.um num (TNBA), triisobutylal um num (Tl BA tr| n- hexyl
al um i Qum™muIGRi¢ Cﬁﬁg{%ﬁft‘ &ﬁeamwﬁadﬁ?feéba"d?f}es%eh &%W@WWGP .“aﬁo

di et hyl al lsﬂlid”lbb(metdﬁﬁ)p’dud& Eibﬁhbi‘éy loindixddnaxiacs hheﬂrc'aﬁi%e u8&iint 1A€ abdivaor- OF

conbi nati ons tgﬁ present invention_ contenpl ates a met hod of

pr econt actsfl?? ﬂl‘eea@fenb Y eﬁtﬂqnd‘@‘%lﬂd‘?ré’PéP‘Iedt?é Hented to silisa-alnipa. gilickeast one
or ganoal Uikt $RARAKBRIa aRE01AES, OVadlold) JTRNREraksO of Bhik-BtaR{aC CAhAGL ed

m xture, prior to contacti ng t hi s precontacted 25 mixture with an

acti vator ZgiﬂﬂfoF‘t“CIaB‘n?‘B%t?na& &stl&Pyst conposition. Wen the catal yst .
conposist i 0N | STRY SR&FEGwitkiriWing BRPSRNt udedRb %Lnl e ssllikpyﬂhe ot poggpssarily,
a portion of the aorganoal um num conpound i s added to the precontécted

m xt ure aNeMBRSthéhat pearegse thef Lewis &r Beemsiad wmdﬁmmfcﬁlnpmhddom@ apeted to the
post cont agkadhem (4t E'(frﬁpa%cfl%atfl@golm%e s iP B@tct%{eﬁ%lﬂxdat st 5‘1{6 eléc%roﬁ-o ntact ed
with the solid oxide activator- 30 support ,

or ganoal uniithdiawingngroemd Aceardieg tsps@td: asmquépimrweiehelrwamtainyﬁte fdchpo& tion in
e ot | SiBUECAN AGoAt A o:PASLEAN A1 REER pelh HiATh Bl uc | 11
cat al yst conpone re contacted in a simngy

2010/ @80106P@FY Umilgd O6h @4 adblatile orghuic tcbmppumiolthat séraes ane sarrgaaoal unm num

conmpound n in either the precontacting or the post ontactlng
st ep. V\heﬁ’?egﬁrlg%rfégﬁlg% gt n%xr%m@ %?ﬁﬁgﬁ GRS Wlélbcﬁ%‘ﬁmg TR i F’Flblﬁ‘é%é‘f FELO t he
anount s oﬂinme@amoadulfaﬂenm'rswf@tepoﬂMdd,l shloeig€d bfoaiad, N iddide, utheorrbdugfatept al

amount of or% noal u:]p m 8.175 g E ed{ﬁ@1 both t he ﬂrec ntacted 5 and

post cont act'® PPe¥n ORETET GHYCrRBea o TN HHPOBRIBANd added to
t he pol ymﬂnomatanﬂél, andakd hike, 1ﬁEﬂl&li@f Rb@ured SdadonIMEBHS thefeo LI GBadalonm num
corrpOéEds ﬁ‘re .di.scl osed. regardl ess of whether a single organoal um num

conpodnd SMCHIPUC ¢ HaROBIAIG CGRRBHIS niPALI SPE niso SPRICESs fefs é*afse 19eCHOTM NOXANE

COVPQJNDSwnhdraw'HngiHneal%Btcah BY 8iblo98d BINRE PHsSerd ih@hidny Sit iCRRRAFIELN Whi ch
cont ai ns ctivator, and in sone aspects of the invention, the activator

conpri ses that the eehesrogmathdrayineaieih s %&%M@é}mda{ biogids, phesehaseiEfialsor on or

or ganobor aiseIf&QNRCMITeke, B B 1R2SE af EorhOiRATIn el iiff oHOURRUNGr ufy any
conbi nation thereof. As used herein,” the 15 term "al um noxane" refers to
alunlnoxaﬁé@@ﬁﬁpounds conpositions, mxtures, or discrete species,
regardhess of W SUC B Rl @ @Qxﬂﬁ:aﬁypﬁeﬁ&?@&f@gmdfe AYsBEqn Ahe %ﬂ% i se

provi ded. For exanpie, a catalyst composition conprising an a noxane
conpound €gMAPJsHiops éﬁéheenlfeﬁeﬂilt vikvieotionaFanrbe Ouenidedi @urpmycldenldedsalumma

pol y( hydr I , | | u provi ded as

t he conbi ﬁg)?rl{lgéré “ %{%1 Sggg%?éfr?&ﬁ%amﬂg%ndep Sm %gﬁ?\l %@% s%llﬁcracae1 BMactive
protons such as water. Al um noxanes are also referred to as

pol y(hydrocar byl al um num oxi des) or organoal um noxanes. The ot her
catal yst conponents typically are contacted with the al um noxane in a
saturated hydrocarbon conpound sol vent, though any solvent that is
substantially inert 25 to the reactants, internediates, and products of the
activation step can be used. The catal yst conposition formed in this manner
is collected by any suitable nethod, for exanple, by filtration.
Alternatively, the catal yst conposition is introduced into the

pol ymeri zation reactor w thout being isol ated. The al um noxane
compound of this invention can be an oligoneric alum num 30conpound
conpr|5|ng Ilnear ‘structures, cycllc structures, or cage structures, or

o o - r
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-( AI-0- I P Rwherein Ris a linear or branched al kyl having from1l to 10
carbon atwomp1esdiop i s an integer from3 to 20, are encecpass@d/obyset hi s

i nvention. The Al RO noiety shown hereal so constitutes the repeating unit

in a linear alum noxane. Thus, |inear alum noxanes 5having the formula: R
/ Ri Al-0- -bromided qﬂRa-Rlummm@lulaﬁltnd Rilicg- alalmmznefhmndcd siliameheauhia | dojdridedivi ng from

1to 10 Casli R Q1r§l%]n(?mronﬂﬁgh ﬁhéa Zl%QIH% nStuﬁglg(ﬁ m—c]oma ﬂuoridegﬁl%ca kl?agla

enconpasse I $ 1 nventlon. xanes can
structur eﬁwﬁdQMIdamlmlanﬂa,&ndﬂmRﬂge orb@mb;mﬁmsoﬂ:reofmher ein R | s a

termnal i nearvw%F]I tﬂéae'i‘e%agﬁj“@tlhg%he ra(fqﬁpoln v;guﬁg‘rigmﬁ 10 cleartr%%n at ons;

Rb is a bridging ear branc omi 10 carbon
atons; x |\@tl@rmng44m‘andlaapousteequai cation nﬂwb&)sak caroba stlenté(iéfbo,m uﬁye:meorn 11m( 3)

s 1 he nurﬁ?a‘% llgws { sgl? tcfpe(%rg g%pomg{)%%a% { Omﬁln%uwg&)eﬂ%u%o nunber of

two coordinate Ox |°ﬁ§it e oxygen
at ons. 15Thaslictaé ttlm malahersoﬁ/\ﬁhe ehrticalar ket erﬁeh@yasch sdurdehfor ¢iad elbotoh-

conposi tiqns of .t he . nt iLnventi res t. ner a formul as

such as (RIRETGTE 4 ?21 ‘% éeO)b,ut, ATR’?RQHW&?’ ttﬁe ‘H’ ]Ie'Pf ‘?fe@géat dgﬁﬁ%/a the R

group is tdﬁ)redabllvyntathle|1a@ea>|fad>\rerslarrearmheydome Gﬁloa] iéyilpalrﬁxlgt‘elﬂfeats baﬁiegty I, het hyl,
nds that can

ropyl,. b l.es of. al um conpo

Ee Egecﬁ) #ﬁ ‘E?E‘8$ %ﬁb%?’tyﬁrof‘ ‘Cﬁ?rg%eéth imprisstp &he Sag yﬁﬁ%?*ﬁ’&@ "‘gdt‘e are not
linmited t Ql,ke Jeeid hiydrib Lstabiey @ €he Afidty | Biladipled O SiiRible qAkiORYn tA WUl staxane,

i so-propyl ,al um lg xane, n-but %/lagl um noxane, . t-butyl al um noxane

sec- but yl &IGHPHILAFAWINES BB ¢ HFILHG, Y 038 et limB%dntt?ﬁl ammenAFk afialkyb.

pent yl al unimionaneg, tStraale/ taytindInidivh, O NE/] iphORPABT N HINTHOEYIS!, and the
neopent yl al um noxane, and the |ike, or any comnbination théreof.

Met hyl al urik froxane, 25 et hyl al um noxane, and i so-butyl al uni noxane are

prepargd from Fﬁﬂtl{&%tcj&ﬂbﬁlaﬁﬂ”ﬁMneto? hﬁﬁ'@bl’llf@}eﬂmlm »erfh(ﬂ'zwnkxg Q{ﬁULsY gl um num
respectively, and sorretl nes are referred to as g/t m num oxi de),

pol y( et hyVaRIgEmrPROMIGNR @ be ussrtfopaioy (he%mﬁ%m@ hmmtmtpds)ppoﬂ to

respect i Velydeshdd lepel @ Hlbmaﬁgﬁsrbfteﬁgtrér? Q'E)[ﬁdrg\fmnrgh:%mll)&\{e(?xl&I dafbelBntii&q @n WO
2010/ 080106PCT/ US2009/ 006564

with the oxide material simultaneously or individually, and in any order that affords the
desired chemically-treated solid oxide acidity. For example, one aspect of this

20  invention is employing two or more electron-withdrawing anion source compounds in
two or more separate contacting steps.

Thus, one example of such a process by which a chemically-treated solid oxide
is prepared is as follows: a selected solid oxide compound, or combination of oxide
compounds, is contacted with a first electron-withdrawing anion source compound to

25 form a first mixture; this first mixture is calcined and then contacted with a second
electron-withdrawing anion source compound to form a second mixture; the second
mixture is then calcined to form a treated solid oxide compound. In such a process, the
first and second electron-withdrawing anion source compounds can be either the same
or different compounds.

30 According to another aspect of the present invention, the chemically-treated
solid oxide comprises a solid inorganic oxide material, a mixed oxide material, or a

combination of inorganic oxide materials, that is chemically-treated with an electron-



33 al um noxane in conbination with a trialkylalum num such as that
disclosed in U S. Patent No. 4,794,096, incorporated herein by reference in
its enti r®0ywn10/080106 The present invention contenpl ates meay/vsadoamssses p and
g in the alum noxane fornulas (R Al-®Qip and R(R-Al-0)gAlR2, respectively.
In some aspects, p and g are at 5 |least 3. However, depending upon how the
or ganoal ur¥ithdraeg cempmeptared optimelle dreatedavithseohetat barseqlindudidg meaahd g can
vary wthi i | um. noxane ng, such..conmbi nat i of

or ganoal un%glﬁsgggehagg(lng’r(graogigérrlteenee(r?r%ié?%am}%ecrogipﬁpnﬁ' %onl’qﬁmﬂ%ﬁ’éﬁ’? & ‘gﬂg%t al yst
conposi t i onetdentretahiongnendeadingyinivbxlamenadiute titwoiuar, sibvat,i coppdr, galiéunh,ainal nol es

of alumn jn t m_noxane (or ,al 1 noxanes) ..t o f he al | es 10 of
net al | oce#@%@%@ﬁﬁ%}eﬁgp’ AL STh 489 ﬂ}eﬂmfhoer C@ﬁ'ﬁbggg??sithﬂe?fé%éwggglo?y bet ween
about 5. 1Ghemutaliboentedl @NBid 03 Died thdt Rommiath@etapspretal iohHgclady, dut fdtriod IS in a

range fro ut 5;.1 to about. 15 000: 1. tignally, alum noxane. can be
added to le “?‘% y&%r%‘?‘ét@%rﬁg%ag e clihor&%g‘ggr%?brﬂq%{ﬂ‘brﬁ’t‘mﬁr.eéﬂat?‘é/ ugriged pout 1000
mg/ L, fromleboat zidc-imprgghatddo faloriddd bOnin®/ kinc-Ompkgmadakalotiddd n@lida- t 0 about

50 ng/L. 15Cr.ganoal.um noxanes c e prepared by variaqus procedures.
Exanpl es 0 ““8?@&%5‘83?‘8?%%%%@%0‘&%@5@%{5 'uH‘ﬁ‘?’ 4pe! rg%’}aﬁ?géﬂlfﬁﬁ‘?ﬂ“@.‘naPat ent
rl\llos. 3, §42:h[¢b?i9ediﬂdc dlpﬁﬁi&ﬁé’}@lmriddﬂl?ziﬁﬁ amlngmr ﬁﬂfa&aﬁlz\m:i AiinRaR, §iNLEIRET at ed
er ei y reference in their entirety. Eor exanple, water In an inert
or ganﬁco soaﬁ‘{%lm treafpd B’éthﬁ‘@éfbt{“é?ﬁmwnﬂ%a‘éﬁ Sélllcﬁfﬁ?ar‘?uﬂﬂ?%}nﬂ)ﬁea@é MEuFES 28dich as
(R6) 3AL, ttRenffiofidéd) endiBs like br ahPeoriahatidh ARxedpe 20 conpound. Wil e not

intending to b bourl?(iilq by .this statenent, it is believed that this synthetic
met hod can af f 6FY "¢t daf dmpregpating the Jolifl @xide maderiad with @ metalrap bapsadi noxane
speci es, Dbk ndhodby GRicAtRe BRIAOTPESIREIOVitE BintetdIVWERL] 9Picaly L gEIPRE 1 Vel Y,
or ganoal um ngoxanes . can be prepared by reacti n(Iq an _al um numal kyl conpound,
such as (FREYIIAGINNE GPRAYRt @ ipglude, buidh ngk inyied de.egelbeppersedinegf ate, in
an inerst  QigaBhdtior 3T AUné ed¥mpoRIFONIBLREN: ORFMNBRRATE 8&1}@511!&}‘9 etal-
According to another aspect of the present invention, the catalyst

conposi t i GANBRMECOMPPInsks 4Adadrtg on snpegntadrinorthrasmidoridedn aolutigmfaom,

Or ganobor R4 Sfbs&u9 : ' tr onpounds,
borate salts, 5%1 ?tﬁg%%%ge% lgtr%q}égg'{ﬁaﬁg [ oerzltlesl O&e{%glgﬁ?&g:o‘gécé)g(g%ﬂetﬁe

f 1 uor oor ganltd inorzanic oxidp cam fisthancbnifirise p ot aclectbbframeircotifaong sickele
contenpl a : . 0 061 US2009/ 006564 fl uor oor gano
boron or Pﬁﬁag}u(%\? Sdz?av(r%% é%?’g%egaé@r%p’oﬁﬂ’dg%{éﬁt emﬁ%yl%ﬁ?nzu ey %\IA’d[Aﬁ%t ﬁli(e’pl%sent

i nvent20on .cofikmaiyine of dfesd matatso diogaronlerzuicas ofiefp osed ds ihpragnatathe Belidised i n

the present.inyenti.on incl.ude but are not limted to, fluorinated aryl
bor at es s&%ﬁeggcaﬂéel\ll?%ﬁnr%?‘ﬁ% ?rﬁr?‘feﬁicﬁtﬂfyfte Cf"é‘@i a?(*‘ﬂ%‘ﬁf% 1 uor ophenyl ) bor at e,

t ri phenyl car befhaisnlidsoxidet daa ke sfepted tdthl mailapheoyh thiodoattning tohipdumds

t et raki s(pept af l.uor oph | Ybor.ate, N, Ndi et hyl anilinium

tetraki s %F@’-rebiagf‘& P A B%P%et Fipe) tﬁﬁte%ISPg%loé & 1 frepish ovdh ther Hestionm

t et r aki s[ JvithdRinedg dnidn. URs1dMRAgAHy) DAY Rethad,@he edMthctddenixtk® of 8Xiddn Xt ur es

t her eqf.. Exarrglngs rf fl uo[u?organo boron_ conpounds that can be used in the
presertt i fPBRYYOn SREPUYE, rﬁmngaf"é‘oﬁof‘nq iths tesdply on 1s typically calcined.

tri s(pent afliletati RN Yd1IdDENi @ matekial [a8, edectrod-Vithdrawing anion source, and the

bi s(trifluoronethyl)phenyl]boron, and the Iike, or mxtures thereof.

Al t hough restal 53t restasopBIiRe wEmeundire comagtes andwplsined apytpneouplise exanpl es
of 1 uoroor ganQaliaiisah& csiRe afe! U404 ROMAATMR: BREAANG HIROH 0% oﬂc’f@t\ﬁ?ﬁh ged
conpounds, are thought to form "weakly-coordinating” anions en conbi ned
wi th or gafsnidessnt gpveptiana| The ekranieddhypoated ssolid oxitieseah oweprish the, @ntaeat ent

5, 919,3983 ,rddig SH RALREHEEsAa WIS Lor i IF RLQOS R LAl ef erence
inits eptpir.r ety. Appli can%s a soecgoodrlﬁoélﬁ%?%{l g{:%ﬁge} Jdlgeeq%{l]agi“ﬁg@f)aﬁ?{n%r

bi s- bor on anigaspwandst Brnoprésreditifay tlest sadidadxideorrmmendd be ealcaiedipngr tovo or nor e

Soc., 20084k e SETLERnABRHE' W RN T PO et Brialbdt acoa

herein by reference in its entirety. 20Generally, any anount of organoboron
conpound can be used. According to one aspect of this invention, the nolar
ratio of the total noles of organoboron or organoborate conpound (or
conpounds) to the total noles of netall ocene conpound (or conpounds) in the
catal yst conposition is in a range fromabout 0.1:1 to about 15:1.
Typically, the amount of the fluoroorgano boron or fluoroorgano borate 25
conmpound used is fromabout 0.5 noles to about 10 nol es of boron/borate
conpound per nole of netall ocene conpound. According to another aspect of
this invention, the anount of fluoroorgano boron or fluoroorgano borate
conmpound is fromabout 0.8 noles to about 5 noles of boron/borate conpound
per nole of netallocene conmpound. 30 |1 ONI ZI NG | ONI C COVPOUNDS The

T S - T o " N -



WO 2010/ 080106PCT/ US2009/ 006564 35 conpound that can function as an
activator or co-catalyst to enhance the activity of the catal yst

conposi t iwn.20lishwenot i ntending to be bound by theory, PC/ussoddbéseved t hat
the ionizing ionic conmpound is capabl® of reacting with a netall ocene
conpound and converting the netall ocene into one or nore cationic

met al | ocerrelcosdpihan dgring)mr af@r thecblid exitle catponnd s cmataaﬂeﬂ edthnke eledtpaunds.

Agai n, whi oun t he is.belieyed that the
i oni zi ng |I6]§IIdgaQ%3%prIlgpg(I can uensf:othlgé)r’fldgescoaﬁou"éjo‘fa |bﬁg°alc?8I?{I6’l5H8 S onpl et el y
or parti aI\I’moexpnoa@sesngpapaxarsoluhondd aogaﬂdr-supm thitgambai@nplbieidh eiiy| | i gand

such as X, met aII oni i.an ound i s an
acti vat or "rweeéla(r)raI'aevgsb Bk lg‘icc‘hg:?)r F’fa“IlAﬁ?‘nsEg’s 'ﬁ%ésnaé‘f é?sflg%gﬁgwﬁgg%)‘écts an 10
X |igarfd iNosa 6f1a32B@N6,565,929, fécn9m4am 6300,p2l, 16,3 ME3REBS 55,584 N8 A 415, bond i n

ot al T ocee R 0Py oot bhder Srictaan: sts N o fs il ISR noy
necessary a,chamnhes 630/802, 667 QM.C af® NRVIOED2aChE VEERosute  BELGitIDGRNE

conmpound a . act on function of the ionizing ionic conmpound 15
can be evi H“é%for?tﬁ ‘I’i@nI?III’I HERE ‘HEIF'I“\/I“PV%f catal yst conposition as a whol e,

as conpared t 0 ARc&dingl ty Pne GOFROST tHeOptedeRBinvElARS, thetsofi@bklemabrid1Qfi Zi ng
|on|c 0 s of |on|2|n i oni ¢ conpounds i nclude, but are

nd. | e
ot 1 T BRIy eatadab GARREME SIS p% leaatT TaraTing Gormponen

tetr akl s( pypiediy! Qrb@l’e@t?&)rwitlidrﬁxﬂmgﬁrﬂdn) source. Further, the solid oxide materlal
ammoni unt et raki s(mtoly ﬁyborate tri(n-butyl)anmoni untetrakis(2

di met hyl pf?@ﬂ?lll lpjd?f al@eémcacl t(qqtquy yatpﬁq:ﬁﬁpq, rand then calcined to form a metal-
tetrakis( ?coﬁmmdée&rhwtmﬁme%mw @cthicaly e UbNd SARIDRLMBH L Aotncs [3 - 5-bi

s (tri quororrethy borate, tri(nbutyl)amoni um
t et r aki s( fePRCHS Ithﬁ)l?féiﬁﬁéﬁymtl%,rté@ eohdmxmlednamah9mch¢icqmomwnmdrawmg anion

t et r akjss( \ niumtetraki s(mtolyl)borate,
N, N- di 1r?et %%%%I%Ie%t%&n&it%@r EIICm E?Wt'agéb% I'hyl phenyl ) bor at e,

N, N- di met hyl aniTh¢ miatiradt st WVélI@hs(nB @idgi wetohtabted 26 h theydlydionarighdrawing

N, N- di net 1 l1nj t ( Iuo rreth hen orate,

N, N- di et II%I"EIIII IEI’IHU far% %pen?{&%oéléép ongX/l agvrm %’Il IrllcﬁIIe"Irll{/IIKI:ar beni um
t et r aki s( put sinpk Jingeditop gelﬂlng,pioegeyir@anmegmnm of srekdos{poutdbytb hbethat e,

triph I
tet Fakt o( 270 DR s, oy T8y Soraqne Heliyh 5 BRATTHPEYHE! e g0l
di met B9l phaig elhmnamthﬁfmwpmmydmaﬁd)@ﬂiouMIﬁéwla&i $s dakined:- bi s(trifluoro- 30

t hyl) ph I t h I b t { fl h )b t
Cropyl 1 um t et 1 ARF SUBL Pl P ERVSTRror Pspyir i DEEFAR] UGy B erat o,
tropyli umbE@'td’d&kdd&(y%,]#oceés soipiglnghenyl ) borate, tropylium

tetrakls(35d|neth e bo ate tropylium WO
2010/ 080106PCT US208% 8’6%6&1 dy gtideygompopnd with at least one  electron-

,5-bis(tr Iﬁllhufbﬁ@f@irﬁbﬂ soRe BYhp AR mrﬁ]raom}yd mixt#éand
tet r akij s(pent af | uorophenyl )borate, lithi

t et r ak’s( pent af) uor GHFRIR fheBtapigturg ‘iotf?ﬁnUIIi*PtS@th@ib‘IIfeaﬁWﬁefrWéortl i thium
tetrakis(p-tol weddain It@ancItl'letrIalsﬁé@i $0hé ﬁ&kénﬁ veRtior, HRAGAE Sxide lab i awh
tetrakis(2,4-di net hyl phen orate, lithium

tetrakis( Q“Bloﬂl(?@E‘H‘?lupiﬁ@ﬁéfi)?@&%l@) is godycedhbyiarprogessgpinpusiogior at e, sodi um
t et r aki s( pent afj uor o, um
totraki S(b-toly]) borareri SqRast fe SO Uit ?%I“?PI*E’SI‘I&I’J it iBaths
tetrakis( szd@uwmam}qnmqem c9hpouatl éo fosmdn fursh mixture;

tetrakgos(3, 5 dbmet NUARIREHOHRATAkfre GOSN L EHGRL HorRROT L e, potassi um

t et rak| s(penta orop %/] orate, potassi Fumt ét eny Jor at e, potassi um
t et raki s(p-tol ¥yl ) boroatagtingithe aalsinedrfitse tuixdbie S{ith & s&bqﬂd)djmuahevlthdrawmg

anion source compound to form a second mixture; and



10pot assi unt et r aki s( 2, 4- di net hyl phenyl ) bor at e, pot assi unt et r aki s( 3, 5-

di nmet hyl phenyl ) borate, potassiumtetrafluoroborate, |ithium
t et r aki s(wenvuaidsomwsophenypal um nate, |ithiumtetraphenylPalraseetatoessed it hi um
tetrakis(ptolyl)alumnate, lithiumtetrakis(mtolyl)alumnate, |ithium

tetrakis(2,4- dinethyl phenyl)alum nate, |ithium

tetrakis(3, 5-dihet h?ﬂlﬂphlegwe)smqmdimi&im@ tolforimhiheslid oxide activator-support.

15t et raf | uor oalyl ent af.l.uor eph al u at.e. sodi um

t et raphenyl al uml&rg:aa 1%% gﬁ%&'ﬂ% eats ?%‘;@ fesfm “jvef’ﬁ‘%’ ﬁ‘aeilcgzmw%g)‘( Heéd

t et r aki s( olad pkidalisi mqqlaceel orsﬁadmednby e:tonmku@( t:hp 4old msetdlaywlﬂhemyél&caﬂoum nat e,
sodiumtet di_net hyI hen poat ium tetrafl yoroal um nat e,
pot assi um“%ﬁ} rgéé%?nlgﬁtsg?rfﬁgP op eny effrrl} gd oﬁ‘b(fassnfpl?mlé s caloined

t et r aptienybetulre) rdunag ayr aflet asgaating the electron-w1thdraw1ng anion source, and where

20t et r aki toI | uni nat.e ota siunt et raki s(mtol yl)alum te ot assi um
t et raki s( jﬂe’pedl net %&Fta (i) y?tiss GFnPhat Wming¥ings s 0 {Fﬁ{‘?bé)f%’alar or(ggn% e

di et hyl phempbx)rﬂlsmmumﬁﬁz&ng mﬁic&smpwndtset raf | uor oal um nat e, and the |ike, or
conbi nations t e eof t? |on C cOo oungs usef in this invention are
not limted to ? §x51F eBREDY Y P8 cf?dc’é‘n’p‘bﬁ ehre

di scl osed akflospheére, t%’ﬁ?ﬁtyﬁﬂh dkpﬁnbléntfa?rﬁos%ﬁ&eadwtén&@a}m%&‘&m tdt doset osures of

whi ch are |ncor$orated herein by reference in their entirety. CLEFIN
MONOVERS - U akauti Pt o apd frs pdimesofiahat lonimutsdo abayit d9@bpuni- t Galeiainglcgs be
conposi ti I r b nt.i ically
i ncl ude olc&gﬁqu%{%ggﬁ%g’“ﬂ}(ﬁ %Sfﬁg&%r'ﬂ%%%goutstgabcg& 8@1(?) G orf)d{n ‘Iiat oP tatyap

nmol ecul e amﬂpelnzmmertg fedm hisas 40O NRE tolaBbutriioo °dloutbzllembngrbdn bEhbﬁddctb‘defbt | on

2010/ b80108PT CRITDSPBOENCIPUE? ¥ dPpaIyhests PoRPOGAP hipran WEerPh monomer

such as etelsaa«h@eebamm@g éh%/ﬂe&iﬁﬂled\/&uf fbrabodteastab&fﬂeoqlb&fs@f@t&np@{a@he Bf C
the resul tant ethyl ene copol ynmers, terpolyners,

conmpound. For exa%t

etc. . 1gendom BAULHIN GitA 2BOWEP & TC. afBYsHitablE ablept BMESRISIraRSE 6mplovednt ) and a
i nor aml@lﬂ?m%f:al@iﬁﬂgnméraﬁﬁmlcﬁmhgals%hgl@%d) in anG&ENng Qhﬁoskﬁer@c&hc@

requi r ement Comononers that can be copol ynmerized with ethylene often
have fromasafio Altereativelyn amtinpisatmesphises, sudhotserigpgan ethareen. or a redyging:| j ¢,
cyclic, p%'tr)f&s}ﬁﬁéré %ucﬂﬁrﬂﬂiﬁ‘)@gn &ac)arboh%cﬁlrosaﬁle’cah'bgﬁ i, branched, substituted,
unsubstltuted functional | zed, and non-functionalized ol efi ns can be

enpl oyed in t hiAscardipg rie iopp asieet ofetharpsésent inygritival tharsobid @Kdleeﬂatm#ps)u nds t hat
can b 0p0|t1¥:9@5 'w%t‘ﬁda é’&u cla o%@lacfﬂeioﬁastuﬁ'lﬁ %I)n %9%%% aﬁﬁop%m% 3 tio@nx tion

i ncl ude, but are not | mte , yl ere, pr opy ene ehe - but ene,
3- et hyl - Imbtad Mﬂa a megal bert, phdthen Cﬂclpehttomldathpehﬁnemdly tﬂe-aradtshlyd emdepe nt ene,
4-met hyl - .- exene xene,

1- hept ene, - gfnae&argghﬁg? i IQ)tr FEATFRS B 3[hen?)o(r?)rérlwsﬂxlde Tatenaws ttr%atedf%ﬁ}} nor mal
nonenes, tameufce\uf sukfatert(tendexten‘enslfauagdgéﬂl’e) hlsloex;cemf chioxideri@s (tefmddwd oOr nore

of these L ound cI i i.ncl udi ng. but not
linited to5hl %F%Sé?ﬂ é’, % rce ﬂgg'f ftB eﬁy PU%BH?&F’H i%n®, and the
| i ke, 28an cambmatixe theleyfand zﬂdmed; tcdﬁrﬁmlﬂb bl&ﬂsoﬁilb(hkﬂie astiyiteneusan Rido be

enpl oyed as_.a_ nononer Ry t he present .inpv a . copol ymer (or

al ternati féﬁlvtoréwpé’lnﬁ&ﬂ%%m grg "d’é&“l“%‘gfo ‘i‘?@“‘éﬁdéﬂ‘f'ﬂ‘“?‘r\é\ﬂﬁ’ﬁ’ﬂ?d %‘5 “E"orrprl se,
for exanplfRori¢ddihiBing, sarfated SRR BromMdCdilidaSaGRiRS) KIBRidbd Siflc2umidal at | east
one com)noﬁ_i”nswée Accor ing to %te aspect of this invention, the ol efin

nononer i doylisanipming; sy ‘ﬂr8B€§§“W§mePH?W€ﬁ%S‘Wﬁz¥%mgwé§b@@ﬁ exanpl es
of sui t ablsgic@kRédnih, EAHHRATRICE-ZirB&]id dBifatYilie Brcdfia, flidHde@dilib titaRfaOPY! €Nne,

1- but ene, 2 but ene, 3- nmet hyl -1 -but ene, isobutyl ene, 1- pent ene, ?-pentene
3- et B! - plumipn Esed Avithghengfluarotiiatie epdd, ilisaxlade aluminexaenicd 3vigh hyl - |

- hexene, lelgRbRABNI2adE RiIRAGIuTina 4228 RYiBNRe aﬁu&%h%ﬁlc idl SmRRRed SLYT ene,
and the like, or combinations thereof. Accor Ing to one aspect o? t he
present i hosaralugyina, t silicant trqateds twithn deteafivornbose  aaid,s alwwine diréatesn with but ene,

1- pentene, 1-hexene, 1-octene, 1l-decene, or styrene, or any conbination

t hereof Generally, the anobunt of cononomer introduced into a reactor zone
to produce



30 the copolyner is fromabout 0.01 to about 50 wei ght percent of the
conononer based on the total weight of the nononmer and conononer. According
t o anot hewoasmasvioef t he present invention, the anmobunt @CTASENO0EHS
introduced into a reactor zone is fram WO 2010/ 080106PCT/ US2009/ 006564 38
about 0.01 to about 40 wei ght percent conmononer based on the total weight
of the noriefrmiuorpheric aridradyreina tieated wiith| heaafblohphosphpee bgidt hpillared whdy, of
conmononer | i react or ne i.s. fr. about, 0.1 to ut 35

ne ont per batEAAES kah A bRk PlordRy Beafs LR BERE SuRickn P8R and
conmononer .ph¥sphated nleming her oétepediminbplesphagspopttonally aeaedowih subatepduced

into are .s. from about .0.5.10 about wei ercent cononomer
based on ?ﬁltgg{i%? gpﬁ\?\/}é?egﬁf g%c%n%énar?ﬁﬂgﬁ%hre a3Re 'cF(l)1 g?lro r&tthgse achgqr'e not
i nt endiSng stppolte optdanatly ban teltreptet! vathraymetattieni.e br anched, substituted, or

functionalized-Qlefins . are ed,.as reactants, it is believed that a steric
hi ndrance can ﬁ%n%g%eém%a'f%era% Is8w?t°ﬁ‘(§le 5ot f/?f’é‘?rfsfﬁtqli?ﬁ‘dﬁ‘fﬁcé@scg‘.‘de'r'ﬁﬁ ® branched
and/ or cydbincofl® pmoictlaerspkd. The flheridddabiid ok@eRYe e $aFRMbRtcohfabngt he
carbon-carb dqubl.e band.ywoul d not_ be expected to hjinder the reaction in
the way tﬁ%@w%‘ eé”ﬁea glpg?%g g9kt itl?‘ﬁg"r‘l‘f’g SRS f}‘ffSF‘g%F}’(ﬁx‘? ®to the
car bon- carfomtingloslg diadoxidghia sditabledeivent@ich dddlcsldl ot waler GRMAMS] t i ons and
proces n be_ use rization of diolefin

es .of this invention c ' he poly |
conpourids tﬁ“LB‘TtHH‘?‘W&tO’b‘B? Ofote 'ﬁfeme"é’anta ,"LQ? Qoﬁlﬁ#a‘?fitg%"e‘,"’li‘%‘ﬁbf‘%b’,w 1, 4-
15pent adi ebffaccaagioh, ExampReoeastableAloLYRd aL&MREELAd, BSare not 1inkfi&d @I esent
i nvention h%g:})l o%/}_inncgtga_lg%/st conposj tions containing a bridged netall ocene
conpound. eHeIUORAC )y apmeghcyarids ANHefp pmgaiugp Y8neridet \BRBEUet of 20
at |east Qﬂﬁhdﬁﬂln@kétﬁﬂ@%b&@t@ﬁ?ﬂ'ﬂﬂF@,nﬁnﬁbnih%aﬁFico@l'ﬂ@ri@&fHe)(ﬁhBFosili-EQﬂef catal yst
conposition _can further conprise at | east one organoal um num conpound.

Sui t abl e dEYHaRRiKs)s apmeniugg | hgrafluqspphogphaten JNH4PFo)it dgxafhiorefifanic acid

act | valsor (RYRRY! hmnRAi Tk REAIRrGONPRAUNSH AL IRAGRRS Ok Bfic Ofpnobor at e
conpound, an ionizing ionic conpound, and the like, or a conbinatlon

t her eof 23HHake. @arlagy sherenbmpadicombinstionsn thsecofis efior expmplduemmpoiupol ef i i ns,
such as CiiyloAAe NigRF: X8 uskPhs e Alidiftide Qgeygtr&ae%ﬁ%a&{aé oPaLd gfp.  The at

| east one netal [ ocene”conpound in these cata conpositions has the
formul a: av@lapdime/ 080106 PCT/ US2009/ 006564 39 R1"" Ero R2V R3A

If desired, the solid oxide is treated with a fluoriding agent during the calcining
20  step. Any fluoriding agent capable of thoroughly contacting the solid oxide during the
calcining step can be used. For example, in addition to those fluoriding agents
described previously, volatile organic fluoriding agents can be used. Examples of
volatile organic fluoriding agents useful in this aspect of the invention include, but are
not limited to, freons, perfluorohexane, perfluorobenzene, fluoromethane,
25  trifluoroethanol, an the like, and combinations thereof. Gaseous hydrogen fluoride or
fluorine itself also can be used with the solid oxide if fluorided while calcining. One
convenient method of contacting the solid oxide with the fluoriding agent is to vaporize

a fluoriding agent into a gas stream used to fluidize the solid oxide during calcination.
Similarly, in another aspect of this invention, the chemically-treated solid oxide
30  comprises a chlorided solid oxide in the form of a particulate solid. The chlorided solid
oxide is formed by contacting a solid oxide with a chloriding agent. The chloride ion

can be added to the oxide by forming a slurry of the oxide in a suitable solvent. The



RBB R4 (1), wherein: M is Ti, Zr, or H; X is independently F, d; Br; I;
nmet hyl ; phenyl; H, Bl14; OBRA2 or SC3RA, 5 wherein RAis an alkyl or aryl
group hawogowpnstmwel?2 carbon atons; or a hydrocar byl oxi #€TgrSeen/00&64

hydr ocar byl am no group, or a hydrocardsyl silyl group, any of which can have
up to 20 carbon atoms; Eis Cor Si; RI and R2 are independently
:—| or an alsRyd omide a@ﬂylbegtrqa@p Wil ianghlerplingo agent damrtg)melﬁanmng stepheAmy n at

east one

i ndependen? {On@ﬂgaaggm%ﬁ?/%’?eo%gsreg; %{é %95 gé{ﬁ(Feo%fa% de an ?““0‘%5 %é’\gacﬂrég up to 20
car bon at dhs oxidd dugsingrthe | daleining sab kaanylbe gsedup Fhaexmgplu,pvcblamléOorgaﬁdoon at ons;
and RSA a e r arb havi up to 12
car bon 15%10@5&@ agbrft &{ﬁdb glggcgrg elesvﬁqtsﬁqiblfi:e‘éoelggn %?lﬁgpfg’gglﬂé&g%nq%f t he
presentS i nuadude] dnt aret nps huomtlemplcememl fedoat, pdrehlarabalzyis, cmmmﬁ&hinepns

di scl osed an |n ad |t|ona rid tal | ocene
conpounds, IC%EO%mTtﬁane Thad™s tzriaéhogg? aeﬂﬂﬁa hf"i’g ‘\gﬁ“” r& than one
or ganoal urmylmmlmoammumieofs Chlsesms hymbmphmhédor orthedRtlahlys tarcenpedsi tion in
anot her asp Che & Ohdo %esentl i nven(hl on co r|s ! cont act rodhlct of at

| east one netar ocene conPBuhd iy ’be‘foél?"?ﬂﬁ ﬁ}o of coptacting the,axide

act i vat or -vthpthe chloriding agentl i€ &s vaporige @rof ifidRlgFEMUMOCH FROMREm wWaekei n this
cat al yg) ﬁ@e\%%’%@ i s, substantially free of al um noxanes, organoboron or
or ganobor at't" /A oai) iPH09/ 006564 40 compounds, and ioni zi ng

i oni ¢ conpoundShe hfodittio$ ﬂ&&@&%nchld?ﬂe@&i@laééﬁi bétORaAR dinOMhe RaId 68881 yst
activity, di.scu sed bel ow, in absence of .these additional

mat eri al s. ge“ergg" pPutsQ aB?‘Hép%a@’p‘é‘EE@ where Hesvsighy eprcens s basebae

conmpounds tkeAReig of ARl s@M@@xﬁ@ BE &M kifica- Eﬁfnnﬁxﬁme%alcﬁlﬁgat@é&éﬁfl
conposition conprisin | east one netal | ocene conpound and a% | east

one acti vt #otheg a%pﬁﬁtogﬁlw Hyeiongthe amgunt pf Euméﬁﬁhloﬂ%w&@ﬁsw&e%rﬁ s an

al um nexangcHHFPRLRGid FRIOTIRMMDBLM & awugéﬁ%hgf @hghmﬁmm%l v%'fb i oni zi ng
i oni ¢ conpound, or any conbi nation thereof n one activator or

co- cat al y§t‘°tbﬁnasﬂ?@3tp‘? eféninventianhdranatahbytst teorhouis 2O0%ohy weighit aDpet

conposi tigg ﬂeEnaYc%t with OffaihaE, §%ﬁhe@foxﬁgeca9 81%d 'b{)Va%Pt éuﬁ)tnblg @B&ds es 10 a
contact pr oauct of |one metal I ocena conpound havi ng’ f and at | east
one act i vancddingThait nqtﬂlmlteﬁéomtmryﬁhrmmﬁﬂbwbd on ewmqnatlcmedrymy yndene

met al | oceny ng [ gene ¢ rrrula(l) in
this aspec? g@"?ﬁgy Wv@?ndgﬁ' ql 't ﬁ%‘gghl is olpsos%lglf:ng? nsf at%%ﬁpcgg ¥%n can
furthed cewprimsediatly vattout dmmgmhegmpo@nmm mlrdlcﬁmiépound For exarrpl e, a

catal yst conpo ef. ul t he e i nvent i can consi st
essentially of §%ne%ﬁe%‘l§3mlrbac'é§?g t86’ SEFnﬁ‘ htée\?feﬁgml“i?raﬁ‘ﬂ["é?a cha B'n]éas a
act i vat or pswpydurhe (geeager than sh@niocsatd/y- tAcatditl Sobhel agtde) theapteseane
or ganoal um num c o other naterials are

present i MERE a?‘if%tvoﬁ’g}‘?p’ésgrﬁt% WIV\Q‘H‘ &&JF‘Qg’l"r’i‘ér"éﬁ%@“@e‘er"é‘Q@‘@ t he

activity afpetthd tlﬁhﬂ;ﬁr&ée}dﬁhv@rﬂi&ﬂogrbitbﬂﬂarfmibﬁt f. b%EVgalFQHBerlﬁle/OsflfcMumﬁa cat al yst

activi t5y of tt}e cataly conposition in the gabsence of said materials.
generally has a surface area greater than about 100 m“/g. According to another aspect

of this invention, the surface area is greater than about 250 mz/g. Yet, in another
aspect, the surface area is greater than about 350 m?/g.

The silica-alumina utilized in the present invention typically has an alumina

content from about 5 to about 95% by weight. According to one aspect of this

30  invention, the alumina content of the silica-alumina is from about 5 to about 50%, or

from about 8% to about 30%, alumina by weight. In another aspect, high alumina

content silica-alumina compounds can employed, in which the alumina content of these



20Thi s invention further enconpasses nethods of making catal yst
conpositions disclosed herein, such as, for exanple, contacting the
respect i Wweocatwdlsy®b conponents in any order or sequencePCT/US2000/00€6& aspect
of the invention, the at | east one netéal | ocene conpound can be precontacted
with an olefinic nonomer if desired, not necessarily the olefin nononer 25
or cononorficatabynbea coppiupde typicadly ramgs dromorbansdutm abowt O6¥pourfdnf or a
first peri o g e re with an
et vat or a3 b 4L, B QbR T AL R GEBR H R S Pt
time, bet mwtl@m@mldlombe:nmpommpo@mpﬁsm aloovimpowitids sifibe aod eéqordmg nononer,

bout 0. 07 AR UFRLIR GRS Lo e SBRBER L A 4BUPTD5 hour s

to about Xlimuva.. Precontact tines from about 10 m nutes to about 30 m nutes

are also enplo 0106PCT/ 0 /006 64.41 | n. anot her
aspect of the ?iﬁ‘\a/tsaur% fregie P% AQFOTRREER 5% gﬁg arrgtaﬁf’ I radecompaneindch ah pe

pr econt actahonina bhsitica- ﬂhmfnamrcthmfmnefapmdcﬂmeaohd.v%ﬁbnaﬂ;lypmershlf:ited a first
period of tl t tactl t his, precontacte i xtyre with an

b ganoal urtt i Bt S Grp Lo sl B GRS Sl hé Eombrishe

pr econt acta metme Abeirdvag no tohe aﬁmt:abﬁ e Pieeht OO Nte &nlfam@mdﬁde t he

ol efi nononer nd t actl ator sup ort t rang oma tine
perio of CQEBUTGSG“I%‘? %{}’ﬁ"é ‘b&‘fﬁ‘e ‘2‘& ‘i?&rtge X"ﬁ%@é‘bﬂéﬂ‘ﬁ?éﬁ% Yabout 0. 05
hours to afbeets wheen kit allﬂﬁﬁhﬁ(i)d’lﬁr@@dd With'® SulfatedsBude Ofdk eddingle,Nulf@Sc 4dd about 60
m nutes are al ? n‘E)I oyed. Alternatively, .the precontacting process is
carried odf & HIHGISEH S "H‘b‘%‘omP’é}t%‘gﬁteiJ his PERAESE 1S Bisradly sresformedabXun ch

mul tiple rbxiibg @sluapefmeamlﬁﬂm LAREL1E 98TPENt, SuBYasulBhbf &' vefér, iBlbnigf catal yst
conponents. For exanple, at least two catalyst conponents are contacted

forming a thg AesiredicopgenEationopd Q\R/e“d'lfb‘yn&:égﬁn&@ﬁ keemt prded rSyitaplexerggmic wi t h at

| east gne BfbRS ikRidR! Yitar APHAKEY 1J, MdbiOtoBhRE RN rQl@SBHfs%eczﬁ@l@éj o forth.
Mul tiple precontacti q steps can be carried out in a single vessel or in
mul tipl e 2eir xpdadidis) and F‘MI’S?W tengight i pl e precontacting steps can be carri ed
out 10 Series WRLodfgEht Akl of s RREMCe Bodt PURERA TG BedeT eof - For
exanple, a first mx ure of two cata st conponent's can be forned in a
first vesdefore caleiring rsdfram albant 8.5d0 apauit éomgartsr’oey Weight sulfitx tomrte abduméOQ)ne

addi ti onal ; nt . in a
second veé)gﬁflg)a%%&%&?g%g @g. é‘éﬁ?‘?@‘“ aceciﬂ%qvxl}ﬁ@ttéﬂglr%dgge%{ § rs(fu \E/essel 20
In anotherofasl;ﬁ@ctiqn puesend befonr ealghing he fioat albo;astl tocnhpumwp&tscbm weehspl it and
used in d|f [ econ ctln tre For a catal yst
conponent lffs tn%boup ¢@Ip arts %{tg%l ﬁ’é‘d geﬁccé@}ng Pet ?i)lnzfng fIng with
at | east (aap}:cooﬁthns 1mabry§toncmlﬁmoﬂemhbom/aolpert§ h;ewegnmunﬁ&noﬁfto atvat sane

o1 ccont act ONget b vaieh] S5 Hifko "TREE FeAT HGE RO, YOEN € B8 1 oo

directly Isﬂlid)oilhebd’f&@@hmfmng)I’Ol&:eﬁﬁhﬁhigﬂzﬁéd @ith kg€ e sulfaRdPkRIC@AA BEL I Ng can
be carr.i ed Oi?i’yi n ané %uitg%émc n|g such as tanks, stirred m x tanks,
a

vari oS st95€f &Y Anx SHELIEUS! noa liguted &, sgetiomiirptionetollgwed

conbi nat i aySev@poritis BrydipPaddt Waouu) sﬁr@?tdhﬁﬁg,aa%EQﬁé 1iRd, AtRbsehl ipVERtS ON, the
various catalyst .co onents (for exan(g bri dged net al | ocene,
€

act i vat or -POEIM® oy initig “Eiﬁg pepimeBediaeyl yst, and 30 optional Iy an

unsat ur at ed hysirc@&alhgmno@ce% a5RBE FGhEpkedet ndEntRR! HEBEd VAR SRFhIERES OF
si nul taneously while the polynerization reaction is proceedi ng.

Al t er nat i VePigparigythe gasalyst campesitins of BieinFention pempisApd ieng shangeatie
grzecorﬁoactaeﬁvaw -sfppbeS Heludity! Bt nbPLAM I Qfcatd APAHULERLRO EGhhHRaP09/ 006564

or minerals, either with layered or non-layered structures, and combinations thereof. In

another aspect of this invention, ion-exchangeable, layered aluminosilicates such as



the reaction zone. This precontacting step can be continuous, in which the
precontacted product is fed continuously to the reactor, or it can be a
st epwi se WO b se process in which a batch of precomrCaatSea9poedduct is
added to make a catal yst conposition.27This precontacting step can be
carried out over a tinme period that can range froma few 5 seconds to as
much as seilbral cigy sre osed engetivatdrisuppirs. adyrent thet dvadic guativateresypport
precontacting.ste eneral |y, | as rom about 1 d,d hour In
ot her - acBRars AR JSERRI st B et foten srBRARhY fellilln y
seconds t deabonet eléld&ommthtiwmg)ambm smnhadsohktse Jdlsnrtqsazct kereio, thbuaght tyﬁ@alm nut es.
Once the econt ted of t | ] |.ef nonomner ,
10 and or Qg%wr TA'HE bgéo a%twagjlr onl sls‘clo0 ftéeé egd W th n%%gllggc 1lﬁll\(/iav‘}ogrl1g support,
this conmpamloni on (wWith the addition of the activator- support) is ternmed a
"postcontacted ,m xture stc acted, m xture. opt | ins in
contact for a ABEOHTETRARITORPE: oL s psseps BEbitpat el TS bpf OF.,
initiati nghlts eve pdnydBRIprid @t dlnm e AGEIRS ing RasiangaabRaiatibnsnd 1hetswapablé he

pr econt act ture and the activator-su e al | rom 15
P bout 0. O R InE, Typak S i Set o P et Bt Rk Eeont act

time is inNodeXcAMgRablE, QH?@@DMbmﬁlo@ﬁczh@dJﬁféhta@ palaeddt cldyshuthoudlh thepe@eont act i ng
step, the postcgntacting step both, can increase the 0?roduc ivity of

the poldmerurpsric smses: ébl‘st“8t ‘tnﬁ@“ é%%ceatfaqdfétandmwmnaﬁ g c3ashr epar ed

Wi t hout pr@aRBided, blGrafier ROBIHeUBhAGdrEd 8n adtVORMROf tIEEdIRt comPssReaNt act i ng
step nor a postcont acting step is. 20required. The post cont act ed

m xture cdifcayee piditinémate a%?"?‘é‘t‘ﬁi’b‘f“al% W@%‘&CWFO‘QP?W% period sufficient to
al | ow adsorpti %coﬁrﬁgrﬁgﬂaﬁér%@pec%f netessantih@nef, thy 8aPhafehRGIMixt ure and
t he acti vat or-suppor such that a portion of t he conponents of the

pr econt actiBeEnfipenspmppss matatighs ditherdd theirnapyd stte gthad pvsheerieatebyVhn. Where
heating i S,,G00 PhEDy WPRing SidROSkH ast flafht U pidanerR! Ly iadidted to a
terrperaturea 0 @Aoﬁnjybetwle1 n about‘&)‘%te albo%t )§n Fp or fr)om about 40 F to
about 95 Fctivator- summfdthngnmnomeorasmeplaw thahhaye |bn%nmees¢hangwewm ar ratio
of the nol t. 0

conpound |1§%8g%:taotqgllgélk8ﬁgﬁ§3 %n 1 gl}ag %yrg%%slec?nr??)aex%gﬁ%{eg ?& rom about 1:1
to about 1thd 0la@@iateriah aatmatolneuppoﬁ@ oaslpemtvenmdtealsm Erzoompassi qiayssthatrhaae range
from about 1:1 to bou Yet. ok rati o of
t he nol es eF“h%’t%’tC étw‘th 1m8 (?ltf’dh‘flﬁ&ngmn? &g Jblm(?)tgggoriggftgu% nu COrrpound
IS in 20 rarege), Fe@im), afbzm(11) withtligamdsauth ds:hahd:, a%ltr&@eullﬁmd: anitratd\Or nitrite.

2010/ 080106PCT/ US2009/ 006564 43 1 at | Otﬁ reflect the rfhtl o.of total noles of
met al | ocene coriS6UEoP & 6ti‘ﬁ6"s° T‘té’retsblt APV EWSBn e UG E R Gini num

conmpound  (dnp@iSd¥ROpillaisd clay. biichetnhEpiflied ehiyacs exdd no xéfer © cfmdm'aiaeals

post contacted m xture comnbi ned, econ act and/ or. postc ting
steps are %?‘n‘gtab‘i/g‘?“ RS aageﬁr%%iftg%nmu ]¥tp8l§'“g‘§e ‘§£lytﬁ%8rgﬁ§ ?(fr atio of
the total RpRs Qfiodl eflafplE3NIERER 108s ithirlk, mlaeesnafmm&tdabj ne@gaelmnpound in
the precontacted mxture is typically in a range fromcﬁ?@x 10 to about

100, 0025 1. Wiigh g3n haye eharges @’é@ﬁsgdnﬁ@?%‘ﬁtpoé'toéorﬁ%‘é@?t‘?sn apGpidey ?fgeolof‘% account
for aspectgnQftht bhﬁptlnﬁegtéfa@tuba&eler@&ﬁa DA cASEnMHEH the BRUNGARAbIBNG/ OF
nore than metal | ocene conpound is 10Further, this nmolar ratio can
be in a rawgensrqf@rﬁlmet@mﬂ@rqrepbc%wﬂ laxgq;)t;txhhy Ghargsd desesuch @p KSEEIBf t he

i nvention. o Thesg?& Ghetid Xatlobbgrevtﬁélgmm&ﬁﬂieg vmhxlpﬁgq{?t@ﬁja%m St epypound to
activator-support fs’in a range fromabout 10:1 to about™ 1: 1000. If nore

t han one oingawisal eatdinedrare copoted tamglaboxiger eﬂltatﬁaneféwev%lttsllmrg—@epport is
op oY, A PaybRlak QohSnAEE s STRAS oh b ) Uric arBAGR eASBOC | Ve
conponent . dhother aspect e wei ght ratio of the organoal um num
conpound twoduve th:ctsuppattmg -silgyp betwees clay layeranibe expaodedalatise sBudtutegisabout
1:100, or fro l1to abot o f_this

i nvention, ™ g‘n\ﬁg ther%‘tr?sotyd (f’oﬁg}eeneestltm%g?ﬁ%\g/)a or§r§% ﬁap% alg in a
range from about 1 1 to about 1: 1,000,000. | f nmore than one 20 net al | ocene
and/ or nore than one activator-support is enployed, this ratio is based on
the total weight of each respective conponent. In another aspect, this
weight ratio is in a range fromabout 1:5 to about 1:100,000, or from about
1: 10 to about 1:10,000. Yet, in another aspect, the weight ratio of the

net al | ocene conpound to the activator-support is in a range from about 1:20
to about 1:1000. 25According to sonme aspects of this invention, alum noxane
conpounds are not required to formthe catal yst conposition. Thus, the

pol ymeri zati on can proceed in the absence of al um noxanes. Accordingly, the
present invention can use, for exanple, organoal um num conpounds and an
acti vat or-support |n the absence of al um noxanes. V\hi | e not |ntend| ng to be

1 " e ”~ o



WO 2010/ 080106PCT/ US2009/ 006564 44 Additionally, in sone aspects,

or ganoboron and or ganoborate conpounds are not required to forma catal yst
conposi t iwo 20fo/ashios | nventi on. Nonet hel ess, al um noxane®CTaISgaOLEIHON OF

or ganobor at e conpounds, io0nizing ionixzg conpounds, or conbinations thereof,
can be used in other catalyst conpositions contenplated by and 5
enconpassedkews a Hiilrrwtibrln of qhe edlritg imateenlt andnhe Ibée@nelay aatemahosedn&sampleganobor on
or organob rate co i oni zin nds, ns

t her eof , ﬁ” §e"eip pl ara&la)fshar?ﬁung’mt gnllr V@ acg 8K 285 ({5‘3?}) gérgl?rr{) e, either
in the pr e($m¢;el Mr Thmnashtntabeﬂanmecmlﬂw as. gahmaigrmn andnA clanqhsund:ds Cat al yst

conposi tigns ,of esent inve tivity 10
S g 2 g LG s ST TN ATV e et
as t he scomiexs,37&6[LL; r &gl) (per PateamNaf. 4,060,480t Othe sdipquﬁnutespef \hﬁclr are

abbrevi at.ed gP AS- hr) ot her. aspect, the catalyst activity is
(greater tH‘éﬁ?r‘gﬁ%égef%‘ﬂgyé‘)rﬁerﬁf“eermqﬁéfrfnﬂi? ulto 200, or greatgr t han aboﬁt 250
gPE/ (gAS. hr). IThe :pﬁlialnlng Qﬂm‘ekseﬁul&speny mlﬁaraalnastngoammgéatbil@moai ahdi S

i nvention are ch {err z ha, 1| n 131 clfl;lta%%/1 ré?aCt t%/wgreaterfthan
about 500, a>f5“§j’P% f &r A “ga U PIBD o'ayhay rehe n‘i:f’ht PalyBET“a18B 6
gPE/(gAShrdeﬁnYQﬁ the maamtcbﬂposaﬁcﬁeeﬁ the tpReitahdnyish caC bé Mbddy TeergfoRat er than

about 2000 qth]:# AS, hr Thy s .acti Vi t¥) i's neasured under slurry
pol yrrel 2 SNENF S HnerG o BUARRE inclipt Putte B Tirpisddp. allaplancs; pmagtics

pol ymer i zajohPRidcRMBRhIR(AN Carfd t330Hhed®] MANIn® deBidmlves tRERSSYEG @ about
450 psig. As di scussed above, any conbi nation of the netall ocene conpound,

the 20 actMyunemllaifehbentoRifs), o PRRIFHEFS NeFRHeS nPlo UARPNItES d haliRysisef | n
MONONET ,  GRfnibEikY: hRAL; aaaﬁemraassermrsrle§peﬁ,tea 19fer { Qlags; | MY SMAb&N claffien any

pr econt aCtI Nng OcCcurs W t an ol efl ni c rmnorrer It 1I's not necessary that the
ol ef i n noribeding ey gof limitgdeto serdelies; a%qnurggte%taecbpairegqrﬂetewrﬁerpaetlrtew@ym efinto

be copaly , mbi nati on
o he oA A R R e T o B B A i o
pr econt actagtivatdrsuppost eomprises hpgemlte ar moetumlalqmtmtﬂpmgmnlt @otponent of ep

bet ween a'ﬁént%llflﬁilrsnfoﬂﬂmrﬂ%Hth of catal yst conponents for a second period of

time. For exanple, ocene compound, an organoal uni num conmpound, and
1- hexene can bé&hegildredrlay cpn be pretramttd ifgestedp Fhoexampld, a:pullaro@rheoubnmé tine,

d th nt d, mi xt t b tact ed
ct i vat or TERGIRPET 15 Farh o ol GOh Govlr 36 e, carebirk: Pl dPact ed for

a secand pekdgenl €&r ABOWE Phoaks, beford)itkin ?t hd&dttbetH@ObM BHiZatibh ORRadt&aCt i on.
For exanple, the first period of tjne for contact precontact tine,

bet ween ari OB P SETIRIS Pratea vt il et Rd hEYGWpHLFhG“IdtWié‘“SFré‘PP‘ﬁ fhat wo

2010/ 0801GAPLEMBADOH 0GHA AR ATRAABher LABerdtitds (Al Ahncs iRBAAng 2ANT "the

or ganoal um num conpound can be fromabout O. hours to about 54 ours,

f r om aboutcombmation, af emnsraiye And 1time steps il pf mmoabeetensr@nmsmslt@s thiy about 30
m nutes. ThenpRestcontacted m xture optionally is allowed to renmain in
contact for a second period of tinme, the postcontact tine, %ior to
initi&Sing 5 {heapblalpmenppestysed tppispars dhe géalt gpmpgosidonsms thespissant of t hi s
invention,; \RQAs t S e any
remai ni ng lgat a% y‘ga[t?1 %g%p%ﬂﬁﬁt\g%gm?f%rﬁ% IC%E%&S?Q glggsm%fc{)lh oh?q%}l hours,
or from abouted@®, zedles; norgaatsourides, phosphate®@lovidER GZAdRs GdPROTESIn DOCat al yst
conpositi f e i | rj .z lefins to
comp Copogaggmp BiOf s DA nggtghm%%r g&uﬁ%ﬁnnasd&%sgﬁ}ghnorglggggsth i

pol yner i zrsdga@llmfmaqsalumna htitaps esE008R, ofagmesraabaﬂlggsthormrmhnmnbp}mapmm;rprr ses

t th tal t th | t
R N T e 8 N e e e Tl BT o

pol ymer, wheb@thmhetmﬁaﬁ1yst 15 conposition conprises a contact product
of at |east one netall ocene conpound and at | east one activator. This

pol yneri zati on process is conducted in the presence of hydrogen, and
results in an olefin polymer with a ratio of MV Wh ranging fromabout 3 to
about 6. The at |east one netall ocene conmpound enpl oyed in the catal yst
conposition has the fornmula: 20 R5B (1), wherein:



M is Ti, Zr, or H; W) 2010/ 080106PCT/ US2009/ 006564 46 Xis

i ndependently F, d; Br; I; nethyl; phenyl; H BH4; OBRA2 or SO3RA, wherein
RA i s an wibkylo/msnioaryl group having up to 12 carbon at oRET/USR008/006564

hydr ocar byl oxi de group, a hydrocarbyl2m no group, or a hydrocarbyl silyl
group, any of which can have up to 20 carbon atons; S5E is Cor Si; RI
and R2 are i ndéseerdmst toyandthsr agpechlokythe present yinvegtiompoteaei mpreipfttbe 12 car bon
atonms, wh ' I e..qf L Rl i S:.an ar r : A and R3B
are indep?ﬁl eﬂr%tcﬁf I(—:Iglgl?(gue?gﬁyc rgogé;r%%qtgr%ﬂy%}tgc% bOYy%ﬁsr?I"% glref)uaﬁdhg%i ng up to
20 car bon caganpaumingR4cangpoand &drlay firsbperaldkafrtihe priaup chatacting this mistut® car bon
at ors; anctvith }be Igéflo\‘/a%}gu&%ﬁ. ar'§nd nqleep;e)r%denqtclté{i |_|mi0trurea o?yt‘illr pr%gtzﬁgéengr oup
having up to 1 car bon ‘atons; and (@ =i pof‘ymarl zalion " processes

di scl o9ed chmpeind().aelefie noooder: tedl organdaipmiaum euspbypkeis cofitagted withrthe at i on

reactors. in, "pol. rization reactor” 15 includes a

b i O A S
conononer sp taoted fromigtutchaThe @ste ijtuteOcanr e di@veid po n

Lo PoLY oS! B Fend WP 8 YDA GERRICR, MRRREE A nose,
t ubul ar, ovhiduhepdlgmerizagian prokass wihbe pdifieodteact ors nmay conpri se fl ui di zed

bed reactors or, staged horizaontal reactors. 20 Slurry reactors y

conpr ie@e verti égforgﬁgﬁgﬁeém PRSGHY! tthﬁipé?‘?e‘btrlég‘?ﬁ‘lo@ ‘X‘@a‘t’t’B?@ € conpri se

aut ocl ave nitalloudi¢| cdmpb BRI tcori Be pRE@tdcRid WiPASolERM moR6mhettida tactivadd:-

conti nuous processes.. Contj nuous. processes could use intermttent or
g d. opyigi

cont i nuous$ dd¥t 2dfiLE nBsy CJERE Ragonitcdigsi ey gsMEa Vit ther £ ul |

direct rey@hgal@hinuf eaGhEHINDITNIE the PBAGEEE HRAROVTEe RBENQEndi | uent .
25Pol yneri zati on reactor systens of the present invention nmay conprise one

type of ré%‘?‘.@i’r"d(% a"l%f%t@ﬁ?%?ernu?‘ldi FCEVHYIRPRAS Bf coRBCEAMYIBr B £ f er ent
type. iBr oGuhb i BhimPQInyHRhAE thé‘cdﬂﬁ%&siti@h%ﬂi&i‘%ﬂﬁﬁsi thel REdndEmAEMET al

stages in at |east two separate polynmerization reactors Interconnected by a
transfer deteged anlepHiepntactedoduikre e pesieptastedt mixtygelcpmde allowsdiita i ng from

the first poly¥Phi@al dAfhcf £2G58onk Beifod &qin%ee}gr@&qo %Qiyé Sfdgled ei;metPéjeSi red

pol ynerization conditions in one o e reactors na rent fromthe
oper at i ng pelymgtigdtiongeagfort he ot her reactors. Alternatively, polymerization
in nmultiple reactors may include the manual transfer of polyner from one
reactor to WO 2010/ 080106PCT/ US2009/ 006564 47 subsequent reactors for
cont i Pled QRGANOALIAMINM GAMPOPINDS eact or systens may i ncl ude any

conbi nation ingl udi lrjﬁ% { limted to, . nmultiple | gop reactors, multiple
gas phase r eacf o?s%’ q%’egg 'l:aﬁ'g f’%“r%p%sf“"n“%c?g Bhd reﬁ%\rg lﬁﬁeiglé’grcgﬁc‘iog}pgfé nul tiple
hi gh pr esswaeoalwamior sopmpsunds. c ofdvhnedmmnndd itvigie, pueasdimet Wntitedl ®@pp and/ or
gas phase .
compounds having the formula:
(R*:AL

25  where R® is an aliphatic group having from 2 to 10 carbon atoms. For example, R® can

be ethyl, propyl, butyl, hexyl, or isobutyl.

Other organoaluminum compounds which can be used in catalyst compositions
disclosed herein can include, but are not limited to, compounds having the formula:
Al )m(X)3.m,

30 where X’isa hydrocarbyl; X° is an alkoxide or an aryloxide, a halide, or a hydride; and

m is from 1 to 3, inclusive.



S5reactors. The nmultiple reactors may be operated in series or in parallel.
According to one aspect of the invention, the polynerization reactor system
may conprweeoskoshmast one | oop slurry reactor conpri si n@CYAIS2eoah6s64

hori zontal | oops. Mnoner, diluent, ca&talyst, and conmononer may be
continuously fed to a | 0op react or where pol yneri zation occurs. Cenerally,
conti nuous pr odessesspedyXcsrpnidesatbiichakhgdomt il noiebsit 20 tcarbdu gtoimsn Iinf

monorer / C%Bﬂ@ﬁ?égectaof%ﬁé g}éégémn%fﬁﬂor? R LUty iQid ROLYITRS hgahhen. reactor
and the continuous renov romtnrs Tedctof of a uspension compri sing
pol yner patdms|Fos examaple, 3€ odh beiethy], pRegic hdutybfstd-teml, isohytyher hdxashed t o
renove thetg‘?sﬂei 91 e%lyot 18 agrotngftﬂpee rI Siegﬁingsnﬁgrpat conprise the diluent,
monomer and/ or Comonorer S Rar] ous T &chno ogi'es may be used for this

separ atd on st epcbordingdiongnebaspedSofnibe présamtt iderition, KP ds hinngkdxidet ormay i ncl ude

mbi nat,i f heat dj ti duct i on; ti b
Cyer ontc ARPERe Ry 8F¢ RLPRER heERaRd o PORSEPh ptToh e o SRARAEI R by

cent ri f ugainbther. aspect of faet prpdeaninvertiony ¥° paleleord iiZdtpé@ientdy G6SBudriab®e known as
t he particlhg) for proceg}g}) i S dgsﬁs.cl sed, for exanple, in U S. Patent Nos.
3, 248, 179,°"#18%1 [ g8l AnIBE’ 4BECL1y 55 CROHE 979, 6, 239, 235, 6, 262, 191, and

6, 833, 415, eacin afe Whiinah, iIACCHRP R At Bda hemBemfrby I @6 & eRdsive] ahd S

enti re@y. ical Suj t abl e di l uents .used in slurry polynerizatjon include,
but ar® ndtPifally Mel§ 1o Thena dhe? PBeTeYClsEI 9 herdn, Birseh dhisiFo df bons t hat
are |iqui dsmuildleincludact ietfuibaiddi tbRAPSundEX3APb@sr Obrggntialidith@m dichudent s
include, but are not limted to, hydrocarbons 25 such as propane,

cycl ohexarf@MPPW¥But ane, n-butane, n-pentane, isopentane, neopentane, and
n-hexane. Some pkaAPle6f ¥igRhdahdhin®h ORPEENIIRBitAbA R GS4 in HRALRIand v ith

condi tions where no diluent is used. An exanple is polynerization of

propyl ene o R BENHPE dnchided bytharg) not liphied o, isikylalummamaaompoppdsch i s

i ncor par at@diiuhfhf! ©RSRINeEGhEbuhl, | tRalRNhGiin  IRARRRT diddhboufdy et
anot her agﬁgct of this invention, the polynerization reactor ‘may conprise
at | east kyjalympiyasly dride eeropoundy end semhinstionsrthyreofipSpegifes modimitingus
recycl e strean L cont | C d through
20 2010/ EEIBERCH UL DR fuBy Pl RRa TR e R MR ELEE " Phe
cat al yst unetbylalpwinume(TEAgt rompoppidiumions (THPA R ty-otatdalneanm@NB¥), wi t hdr awn
fromthe fluidized bed and cl ed_back iLnto.the reactaor i mul t aneousl vy,
pol yner prmolgé%uttﬁ%ﬁryl ‘?%1 Wi t ﬁiélr%%&h frOH g ﬁxé'llarlélg%l 8 an _Hé%tyéaﬁu?]lﬂg% mononer
may be0addiisotueylalepinase hiydrélep alistiggalomamimrethoxide,. disthyhhgasumhelgeride; react or s

may conprise..a. process. for. ti-step gas-phase polynerization of ol efins,
in which c?l"gfhler@(e’a‘?réoliS’BV\?{‘l%'%eé%Ofi n the gaseous phase in at |east two

i ndependent gaghe pasentpilstivni coatenphtonesetidd b pfeeedadi@igaat least one

catal yst-gontaj nin olynmer fqrned in a first | ymeri zation. zope to a
second poﬁ%‘i‘ﬁ%‘?‘# '?St?ﬁ%‘%n% SWBPO"GaeV['T‘?VbteIG?ﬁ Oﬁﬁgr%ﬂ‘gag‘é‘x‘tné‘é‘c‘f%‘?poiugd arserosed in
U.S. Pat enflefiMofiondned @ foffida precSiddtod®Rixnadprivr 46 Gomtding&BR hr&onthbielni ch i s

i ncorporated by reference in its entirety herein. Accor di nq to still

anot he®® adpEfe With @R ECHYAIRIUPRAAT toafoR greatalyss sprmposifiany ni¥hey &g Giplystact or may
conpri se aohpbd#icH is pepatedlin Mis AAnRed! QFcARS HARBK h6Y necddshiilyal pbRBAR0Er S May
have several zones where fresh nononer, initiators, or cat aFysts are added.
Mononer mele BegaaerlyainpBdcqmpornpd jin addedgios heurreenmiastedh mirduterandotnothed at 15
one zone q;ortfolﬁeoff ﬁ@%@ﬁnoahﬁ‘r‘liﬁﬁrﬁt ufrd? !aX(ﬁetdSt ﬁ@df)&'icoﬁf"atcé yr'ﬁfxnﬁ(?nponent S
may be entrained in a gaseous stream an |ntroé)uced at anot her zone of the
react or. TPnepatgdswhenrtheprecaatpctpd mixtursr ivicoedctbd withothy reehid paide wtivatrat and

pr essufye e i y 10 ] | pal rhzation
react iu%)n co |fi%%‘lfvgﬁggeo?ﬁ%gp%agg%}%%gﬁo%oﬁ@%m%%%ﬁé g%dttﬁgﬁ%ﬁ%eth ion, the
pol yner i zakfabyst ¢eampositipn 20eithey thegrrpeonteting sropastcontactpy sgeyer Akterhatorly; eact or
wherein t n r.ar ntacted with the catal yst conposition
by sui tablr}@tgo({l?a;ﬂ?s?\é&gﬁg@ggrreCﬁ%%%tg&nﬁsén ??ftféﬁ’ conprising an inert organic
di l uent or excess nononmer may be enployed. |f desired, the

nononer/ conononer may be brought in the vapor phase into contact with the
catalytic reaction product, in the presence or absence of liquid material.
The 25 polynerization zone is nmaintained at tenperatures and pressures
that will result in the formation of a solution of the polyner in a
reaction nmedium Agitation nay be enployed to obtain better tenperature
control and to maintain uniform polynerization m xtures throughout the

pol yneri zati on zone. Adequate neans are utilized for dissipating the

exot herm ¢ heat of polynerization. 30Pol ynerization reactors suitable for
the present invention may further conprise any conbination of at |east one
raw material feed system at |east one feed systemfor catal yst or catalyst

e o, e

—




WO 2010/ 080106PCT/ US2009/ 006564 49 reactor systens for the present
invention may further conprise systens for feedstock purification, catalyst
st orage am0 2progyseroat i on, extrusion, reactor cooling, polPCTAIS2008006564 Y,
fractionation, recycle, storage, |oadput, |aboratory analysis, and process
control. 5Conditions that are controlled for polynerization efficiency and
to provi de desiFrghberpmoyenthan pne pegahdabsninmol qspdwouxeimwuﬂed inp:ithe;sthce and

t he conce cl.ant Pol yneri zation erature can

af f ect ca[%l{ 3}51%8%%09&}%?1\;/&8 C%?taét?%y He %V eenczflj é)Fga\r/lvoelurHinum £ Tor'ecul ar

wei ght di stddcpd)untmmlnpleiémﬁm,aﬂhb enmohtymﬁror@amlmnmnmmwmnnﬁ dischasedderamy

t enper at ur. e nerization te 0.accordi to the

G bbe. Fr edrelil B llGatRa e FEBoaERin A e FERE BB ool RSB0 C 1o

about 280 agd pbsICoreaC&Idphe(,turesr ahd any aﬁtﬁuﬁnaﬁﬂrg@lda@rﬁlbﬁmtcoﬂn}:@uﬁ adiie@e(mdi ng upon

the type i.zation reactor. |ln sone reactor st ens

pol yner i zfa{[7 Egly%gnﬁlel?rélre(ffpr'ggrﬁ‘érlﬁgjlref’)}‘)tialsawl{“ttﬁ EER G ’?%ﬁ?’&B‘Bﬁ‘f‘s 70 Cto

about 90 Gre disclbsed megabiless o'f5vh€thbt)a ainglétorgimoslumiubiitdnaidugd pf apsithes W | |

al so vary accordi n%l]to t he re"girf and polynerization type. The pressure

for Iiqui U5 RERRONEMDRR OPREY §“?eﬂ a loop reactor is typically less than

1000 psig. Pressure for gas phase polynerization is usually at about 200 to

500 ps ﬁ: gu zation in tubular or autoclave reactors is

genera y Qﬁbgﬁtﬁ@@&éﬁﬁ% 75,000 psig. Polymerization reactors can

al so be oper at gde igtesdnt 2ehtiREempidys CAkaths SSmABERISH WARh¢ondsmehal | Y

hi gher tenperatures and pressures. Operation above the critical point of a

pressur e/ tAHRATaRd in spmERsRAGE Of ther Ventiopathe GRAET GompTises i leafivant ages.

Accor di ng aﬁtﬂmﬁ@)@én@-%@ﬁﬁ&uﬂaf at Rha§t dnRV&RiHoB8kon to?%réa%%b&at@%oh%ﬂﬁ@% 40 the

ol efin rmnorrer in the polymerization process is control Thi's wei ght

rati o can lpaheee PpiEMEASNiglsempPoTEl, op AT ecrajoation itherodd @@qufhem}mrtbgen based

on thersnel it «AlmbdRad bt IR oxafd borhPA S pfogkﬁoﬁse%&aﬁlés Qf feed

rati o of hydrogen to ol efin nononer can BePcontrolt at ‘a wei ratio

whi ch fall CWFQ lsbevies, megaressr ofmhawosich 5Pupinexarss adye UireREsh ﬁgpmd for om about

50 ppmto p

Furtherm)rozip: ﬁeggggahg a%r g%ani %gl]c%a(?l ocorgp(ﬁﬂgq%ggﬁgg% %% ulnﬁ%r%ﬁ%ner can

88030 con]Ecpmbbtenﬂ catl ba prepia g;ldtutl mdnqémlutxmmaxanangmowmedrnabmmglylltiyqnqmmlz5 Hyd a{oout
ppm oy ou p r,om abou mto

about 700 ‘B PHidshoS BTN G DRRYie, o Wi Smbinascn” or BR

2010/ Q 1&6&@?\'16@821119]9/@@@56& 5hd a solrde e&ﬂl)alcfme Mooy educk akd o\maer t he feed

ratio of dro en to et g rrgnorrer |rre élve of . comonpner

erpl oyed, JUREPAES 1€ e o d (@y¢a5; PRRTYAOCHRH GITiPHFN OX1dFan 2t rom

about 50 mpgmbﬂumbﬁMzIneiOOO ppm but the specific weight ratio target can

depend upon th desi red  pol nol ecul ar weight or nelt index (M). For

ethyl ene 5 pol 9?@ &7 Erdyshe nts {ypigatly 9‘i‘?é’P§taCt€‘i with theAlymigorangain & ound 1

g/ 10 nin, shiifaaiydicarbah b@npéunméalwegemoagh zﬁfy%iv@ﬁ‘ﬁhéﬁs kMtRiaaBAIlYinkd @ range
from about 50 ppmto about 250 pd?m such for exanple, from about 75 ppm

to abott J2thegsaqtants MiEEHadiaksyend podpshet @G%BW‘OQGt?PrmebeA{SG% dher nelt

i ndi ces,  sHElysOSonoRiubH fGeldn tg{s ]IQanmatnls Johbéedwr 89%&1%%&6& foped ratio
is often in a range from about pmto about 10 ppm or from about
500 to abdsttmElgobypflation. A“Ieﬁla&YﬁiY,Hg? caiglysiceompopigion ée ihtrgdugeddntoathe rati o of
hydr ogen tp%lﬁleﬁ%ti%n@d&%%thbétm rﬁ(ﬁét&fd substantially constant during the
pol ymeri zation run for a particu ar ymer grade. That is, the

hydr ogen: ol ef i Ahe¢ alumindxgne edrepauad Ochlamamttqnmahéue anatligomesi¢ hluminuse ange

f r om appout |nt i tloto

Wi t hi ?6 ogg%lg{anh(}r? %@%ﬁugﬂ%&n%{q&ﬂg@ ygﬁéérsl 7at |eonrafgcr21‘g(lE mg?nneg’t ance if
the tar getmimateiscof ald thi€0 (yphy aluménvxam cohgiomidsdhating theyfdmoden: ol efin ratio
substantially constant would entail maintaining the feed ratio between
about 75 ppm and about 125 ppm Further, the addition of conononer (or
conononers) can be, and generally is, substantially constant throughout the
pol ymeri zation run for a particular polyner grade. The 20 reactant/feed
strategy enployed herein is different fromthe pulsing of reactants
enployed in U S. Patent No. 5,739,220 and U. S. Patent Publication No.

2004/ 0059070, for exanple. Yet, in another aspect, effluent flush gas
fromthe polynerization reactors disclosed herein generally has a hydrogen
to olefin nononmer nolar ratio of |less than 25 about 0.01, although this
rati o can depend upon the desired pol yner nol ecular weight, M, etc. In an
et hyl ene pol yneri zation, the hydrogen:ethylene nolar ratio is typically

| ess than about 0.01, and often, |ess than about 0.005. For exanple, for an
ethyl ene copol ymer W|th a h| gh Ioad melt index (HLM) of 150 g/10 mn, this

Y 2 " 1 1 o - I I T



The pol ynerization process disclosed herein can be conducted in a single
reactor in certain aspects of this invention. Thus, nultiple reactor
systens awe 2nm08oM® 2010/ 080106PCT/ US2009/ 006564 51 r equrCras200006sbef i n
polymer (e.g., an ethylene copol ymer)3xan be produced in the presence of
hydrogen and a netal | ocene-based catal yst system in a single reactor,
resulting in a polynmer with a ratifo, of Mr in the range fromabout 3 to
about 6. Further, the single reac Iéan be, as discussed above, a gas
phase reactor, a |oop 5reactor, or stiTPed tank reactor, for exanple.
The concentration of the reactant tering the polynerization reactor can.

be controldegkit ® iBhAREL O HRSHAS Ml ma@iﬁ% kM thﬂaf%lgén %&qs,%g hagLgal

properties. The proposed end-use producl that w e formed by the pol ynmer
resin and PREETARMbE X arsneemRpsieH by this trartiony | The MR EInjoiety sheret karei ne t he
desired polisBhstiiePRk kéfRatid ¢hit thG: Riehf AIRMIHRRancMEHIAN A alBhAREIHe) €S
include tensile, flexural, inpact, creep, stress relaxation, and hardness

t ests. Phyayvipgrthedpomdat i es i ncl ude density, nol ecul ar wei ght, nol ecul ar

wei ght distribution, nmelting tenperature, %ass transition tenperature,
tenperature nelt of crystallization, densitvy, stereoregularity, crack

growt h, long chain branching, R‘rﬁAlh@ tal neasurenents. 15This
invention is also directed to th boly qs\@roduced by any of the

pol ymeri zation processes disclosedRherein. 'Specific polymer properties and
characteristics wll. be discussed in greater detail in the foqllow ng
section. AVITEY B flmﬁ?ir?ﬁﬁ’é@fﬁerdeaqléyziﬁ’aﬁég Bk P f‘or Wonaﬂﬁ‘“%é‘ﬁgéldﬁﬁ?i se, the
pol ymers pfiteghidieeh 1 to 50CrefatkarRaconMPabdad bitss indwidhi on. 20 POLYMERS AND

ARTI CLES f the {esul tant pol ymer produced in accordance wi th the
present i nvent fBFNSTs alumipoxanes fin, have Gage, spctiges of fbe ViRERula R erdiyt ene, its

properio eS,ACAD,,, Beheedin RAGE Ltk R B¥eal 8f Bx@h%e@@ﬂcgl/g{oﬁ@ha&iﬁg FREAVES 16nown and
used in the pol é()l efin industry, Articles of 25 manufacture can be forned

from and 8RN AR ifsds attrideiehiyneaner panghed radkyderaumi Ravingyemi bie 1hose
typi cal prapghhioss; Ai€3 RF QYaALH iDeLM-0 1o, - RO Mn%;ﬁ Qﬁer&hw@e&%@ _
(copol yners, teé‘pOI ynmers, etc.) produced *h _ac&or Afice with ?u.s I nventi on
gener al | y myaber af theter cqordipate falugrinehb Gtams) 704) is sheabwmberl@Orwy d@rdinate  Mel t

i ndices in, k@hgend % » / mn, or fromabout 0.3
to 30 aboa(?&gloa OS%O ryio%?]sgré;ﬁ'{%:%%tré%?%(?@g%ﬁ’?}ggg?rét]ognsspects of this

i nventlison. For Texaajwanoxangsollyipeeandfe antpdoysd dis thetcafalyseermonitioanofithwe a nel t

1 om about S0k 6 BRaE Fosrt bbb iyish STERC-th0naTBOBes 52

The densi tQ)AlR;enld\thehile. Dashaie fainpimsy the Br grdue 8dypisdllyg knvar or bramshed

met al | ocene_conpounds di scl.osed. herein typically falls w thin the_.range
from abou{EO(TC%QE}%O Slé%oﬁ% nﬁ:ﬂlﬁ‘ %Pgn@.mplyh %‘%@ B?Hglctor JEX¥hhi ?x?rﬂelgﬁtofon, t he
densi ty ofallmin@tahy lcempoyndb yinercan Heied in astgeiahteOWith bl prdderf Gniemtiafpout 0. 95
g/cnB., . Yet., .in apother aspect he 5densi Isina nge.from about 0.91
to abdut dlf“'é'if{gg/ Hg, 2% ué’ﬂtpalé?it‘f rtoexH}‘Fg'\yié’a'}/’?‘F’B’fﬂn&bo‘?}{‘ﬁ@gglinoﬁ‘@eabé‘ut 0.93

g/ cnB. propitaythiasheanp,Olsy PRIpFlalisnifibkads, 1©BROIa}NRASK86G-BuefIRehREf, having a
wei ght - aver age | | ecul ar wei %hé é{MN) that talls within a range from about
15, 000 t o SSHBIRARNBENFERE: g/ moltO-RFRIANRIRPHNEhe sddisBYBURREXFEesent-

i nvent i on.pefdfaBihindage, MV Of t lEepchid1N@MHORAR, Of the DpbESRAbIuMERMd ON 1S
within a range from about 20,000 to about 250,000 g/ nol,” for exanple, from

about 50, GEEPPlIkuBIPxCRndabe Bkarsr anosonbipttion dhaieol7 dendalmingsare 150, 000
g/ mol .25 ethyfAMBniABRRLT 10 so b 14T RS XART arkGiréiiteddbsih ' dridtbiy@uRinuft Ny ene
pol yners discl osed herein is the polydispersity index, or ‘the ratio of

My Mh, whdrghyglumgum, or triisobutylaluminum, respectively, and sometimes are referred to

as poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl

aluminum oxide), respectively. It is also within the scope of the invention to use an



15 wei ght - aver age nol ecul ar wei ght and M i s nunber-average nol ecul ar

wei ght. CGenerally, the ratios of MV Wn for polyners prepared by traditional
nmet al | ocewe 20mk@bywst systens, and not of this inventionpPCaUS2000/086568Nge
fromabout 2.0 to about 2.5. However,33the ratios of Mv Wh for polyners of
this invention are in a range fromabout 3 to about 6. In sone aspects, the
MV Mh r at iatunghoxahe ipp obrybmeaticanswitin a arialaylglenfimumm sabloas thapdisglodedtio @Sout 5. 5,

or froma n_ot.her Mv Mh of the pol yner
isina rgﬁ%%ﬂfé?(])nﬁ?daabogutmémaor?ted h%rglﬁltbyéfe%ren? rlrtn%éagme "3.2 to about 4.5,
from about 3 3 The pebonti invéntdgn ammehptnnasabawtva&e%fpaﬂbmutthdannmiﬁixlayd ene

pol ymer s S i zation qcesses and cat syst ens
descri bedqé O\lII/aesp(ﬁ‘a‘{{/lleb ?(ré\gg%g‘g Cﬁ%&ﬁ%ﬂ”%‘e@t PSEF B3Pt rfzélbe se 5
cononorser lelissl.r Howidveq mlppearamg&@dn hew ﬂiemrgarneﬁlemsxokmeas prebyre@rstared, whd ch t he

hi gher nol ecyul ar o onents . f t he ve. hi her conononer

i ncor poratuis%cﬁ tlfeh‘gfmeet 'Bﬁ% a‘l’ﬁﬂz}%@ﬂ 4t 2 Rep ﬁf’%ggr%c?ﬁg‘?ff’gxa B3y, there
iS i ncreaS:bmgnﬁﬁdiﬂﬂrwﬁgﬁn(baﬂlﬁ@thhaidr@BoﬁMrﬁ]blaﬂedilﬁéreﬁiSI ng nol ecul ar wei ght
O'ten, the amount of . cono i ncorporation at highe | ar .weights is
about. 2006 hi gndl PregHngGo R RBI Fo AR Byl R s Pl R <. I one
aspect, t I tieoholes oCAMMARER thaM@hinoLak (GaldhinbtebY o tHelteslihales Wwei ght s
is abo%t 50% hi gher than at | ower nolecul ar weights. Anoth

;
char acifer i% dR§JRcee %Pn?@%é $F CERROHBIR AN dlilf‘sf?rpmtloarfs.ggn?rh@f betigen wo
2010/ 0801Q6RET- 1dS#HAABOMOMAH0T3 IRUAREEr RpectNBE Mol Mt BIRBGAES floalCB) per

1000 total car bon atons i s reater at Mv than at WM. The short chain
br anchi ng 2Pt Pilode | #eut Potigealys ayminpxage parerhei dAded 4 tan be

char act erlpé%ematﬁmrz%mﬁhgés%nmm?b 02m3o Bt 1000t honf Bichon at o1e 5

of the polymer at a nol ecul ar weig t he nunber of SCB per 1000
total car Sehmgddmebar 10hmedeloyfram ah@uté me/Lde abant Sheisdht of 104, i.e., (SCB
at 10";snol ecul hahtdoxh t B4 Sf

[ nvent| on, the@{r%tl 0 ?‘s oérrggt%g? tt% %I%Qﬁﬁemke‘%ﬁgeigkr%g%%e%t Ekg‘-ﬂ% érgtl o of the
nunber of 0%802}3@1111@@@@ proparhtianardyo disglaseds o fU.Sh&atond W?'er 3,342,89%mehdcul ar

wei ght of e r. t b of the
pol ymer at41£958 S%Fe%lgl %Ec%v\géfersh& W?gﬁoajg 'S 8&% c?h@e an ar%%ﬁ%nging%

exanpl e, gneatyer thammﬂﬂe,utvatbr 3n ahnmextt hneganas pnﬂv,etm cabh e reatted with gr eat er

t han aboutlu mumat in ot he ug )Al h? bﬁo |sd|n argr}‘ge fargmabout 1
to about 5, nfroma GPmRORG B¢ bSLf A 3¢ 9% adﬁé)lﬂet TEPITERBEP 3. 5. As
an exaxpl e:pmphmdr aNhﬂ)e bt mtleﬁadlﬁgud)&rb@fndSS@Bhlpemteh{wQ it ©tbalievednixdmhiat ons of

t he polyrrer t of 1ot 1 f .SCB per 1000
otal car BsHsieaRERyE SRRt Ry bt Bt Yol RO A AR be 1 a
range fronpeditboth Soft owlgblOUsre 3encompasskd Byl dihis dfiventibe SCBIR@4tiven, ymer s of
t he present invention can pe char(?\%terl zed by the ratio fm)télgﬁ nunber of

SCB per 1GWEFMPBYRINOXAIER G/ BE BIFR2T6S by Feacling 9%#““‘&‘%“%9’(!9{ oty ulpRr of SCB
per 1000 totrh),Llawiwn muaie aft, s RAUMARId &ppdlilifate, & an (REBRini20 DI0) /
(SCB at DloeY D90 is the nolecul ar wei ght at which 90% of the polymer by
vvel ghtZShasoWF¥her nol ecul ar wei ght, and D10 is the nol ecul ar wei ght at

whi ch 10% of the polyner by weight has hi gher nolecular weight. D90 and D10

are depicted %hl cally in FIG 2. In accordance with one aspect of the
pr esent rQléG\g EBORON/GRGANOBORA TR GOMPQIINBRoOrt chai n branches (SCB) per

1000 tot aI car r E'H{Btﬂgnf SCB per
1000 total car oﬁbrg{iﬂ %agéthérmgp%gL’g{r}rigrpr%?n%hé&%gnItggs than a oﬁlﬁg 9. For
i nstance, caheomprise @n ofgaISCBOEmET MPPbgraleICHyaer. Drgynobarenive Organ@bqraiﬂge from
about 1 t. t a | ess a about
0.5 of i ool gy huANYREH  ARREEN, b e’ BRTAETE

nunber of cSﬁiBmpéwnslmﬁébft d’[oabxamﬂdad‘momoogmo bbrmhenmohrwmmddmofdaﬁgahm the
nunber of bor % 1 SOarécot q@ (gon 30 atons of the polynmer at D10 is in a
range from abo out 10, such as, for exanple, fromabout 0.3 to
about 0.7.



WO 2010/ 080106PCT/ US2009/ 006564 54 Anal ytical Tenperature R sing
Elution Fractionation (ATREF) can be used to characterize the SCBD of the
pol yrmer s woeoloosesherein. In an ATREF test, |ess than aboaS2&A0bssenei ght
of these polyners is eluted below a tanperature of 40 C. In another aspect,
| ess than about 4% by wei ght, or |ess than about 3% by weight, of the 5

pol yrmer is el utayl flvetoovgano bersper fuomergafio Yerate compeundCEREE utibizdd wiltor

exanpl e, | t 119 {aght of the pol yner be, el ut.ed bel ow a
tenperatu rtgélgr? ge%ﬂ&g?ﬁgaﬁ} Wes foorgano tboréteeﬁceo rméﬁo F‘}?Sq%% IC?/IH%? ‘ésegf "t he
present i rihepitesann itvantgon nwlutigwat greafot lliatigd abafluvrinaad ahyl regratasi subh wy pi cal |y

| ess t han ...ong chajn.branches (L r 1000,total, 10 carbon
atons. In I\gfgoﬁdg&gtggg%thgfu"?he tﬁlﬁgr}%sgPen&&pufwgf)ngﬂ 3%%0 to&ﬁﬁhewg?aﬁl?)eﬁmﬁ ons is
| ess t han tetbalis{peBtablidoroplemgl)bdiatn, alithiuin Ote@3kis(passfluohaphemibotatd). OYN- or | ess

t han about,.0,01. .Furthernpre, . po rs o he esent |nvention.can have
| ess t han 4 %tuglardﬁﬂﬂgl, %‘altrgglgﬁt’%gﬁ&%@goﬁ mﬁLﬂ%%‘?“ﬁﬁ’??t?’hg}?ﬂgﬁg‘iﬂbe@?"@b& | ess
t han abouttettkB(B43-bls@afudrbmathglihehyl(bobdlq, ah®Sthet hikg) abouixnitedQBerest | €SS

t han about 0.0101 H{B g\er 1000 t ot al cgrglon atons, . i n_ 150t her. aspects of
this i nvedt®ERCs of Muorapreanq barpn compaunds,that,can. hejuskq e BYesRRS I IRvegHo,

ethyl ene pedlydeer tat tdie phicsenimitkdvas) i afis(SaatafRerophalyBebeh] Zads(by- a mel t
i ndex fro .?bﬁut O.évéo abqut 100 g/ 10 min; a ratig of Mw \h from about 3
to abdft es(GHgogmethylphenyboramhotndr thej ey jop pixBies thereel pohiheugh ko has

| ess than inbaiig © RSdubBbpee HAOWInE Whedky, GRdsD CXarRi IS idRchriAD Dotddn 20
about 5% by V}?I ght of the polyner Is eluted below a tenperature of 40 Cin
an ATREF 3¢ fluoroorgang horens compems-angd elaisd eorarqyarsnase therghh tordPmm | ndex

f rom about«Raidy-teoraRtitle” 2 MniGhsl QHER ccﬁ%ﬁifi’éd' Qviﬁ’ir oMb el M ﬁpﬁg&eﬁe lto

about 5.0; a reverse conononer distribution;, Iess than about 0.01 LCB per
1000 t ot alco@pPugh ag chaslosethdn| BSs Ratmh adGAB8328ha3odissioswsi ghtwhash tihe pol yner
el ut ed sbel;QyrrhEMRELIRbY r&eRhceil ifS chfi her
et hyl ene 6QI ﬁér di scl ogeﬁeﬁe?ee@rll ﬁatg}egnrf@ﬁﬁ Elﬁlrtl%%%& ?orn(t)er%lpe{%tgﬁe L%.Qg}t o about
10 g/ 10 mdiporen, pubisdorin, Mwptunfls onethgrchifungtichat congwonds donfgining tewer se
conononer _dj i ion. . lﬁ',t?ﬁ’ t . per, 1000t ot al carbon

at ons,; anﬂrigéﬂogﬁgjﬁ% ngdﬁ?eg}%d}g%?gmel gr%t SugP%? a‘e*’%%%dy‘ﬁ‘ejr ;\é? '3?‘58’ ' %’é’fbw a

t enper at ur2805f122,0ppC1# TH6al 788, tAd Rétfertt @f twhich is incBgloyatet kereih bytrbfetedne, whet her
copol yner g itgeenrﬁpeIym&*rs, and so forth, can be fornmed into various articles
of manuf acl‘tl ure. ticles which can conprise polyners of WO

2010/ 80106 PCTGEE24109 /a0 6m6GntSHF drgunsbiroy esrhpaundican b dged. bAtcoadiag ot | i m t ed
to, an agricultural fil an autonpbil e part, a bottle, a drum a fiber or
fabric, aOP%SEPeﬁtaB{(%ﬁ Hg)e'?ti‘qnmaﬂber"@ {8l &F theytofal gpoles L PEANAMYOL LR, & f uel
tank, a gegarobdraseompolndUSLEthsbub®) tdkiiebial tolds M metdllddBhed@hpduduct , a
medi cal device or terial [ sheet or tape, a toy, and the |ike.

, ,a plpe, a p
Vari ous 5 Yr ey é‘bH‘eb“e“"é}‘ﬁSI"BVB%F“_f%{ BJP i BRES EoBr 1908t 8d:1 MofRoMf i ti ng
exanpl es af:1t haspicAnRCAE SARound CIfUGE fluirEsiEdrdN bsieh db Bluoldbdhdoditd 9,
rotatignal nolding, filmextrusion, sheet extrusion, profile extrusion,
t her m@Por SPRBCUIANEEE Hdram reout Addrelroiraabryt, 10-malet p{ beropferatrowinriossd ar e
of ten addegh helelhaREBIBANY TBRPold. NP6 idpQo RhAML IS REDLhICh&niBR didTer
processing or end-use product attributes. 10 EXAMPLES The invention is
further i Pm@untreft Bepregreaneebaren op\iuprgorsragprats cothpaind ds drompabauy Gbe
const r ued pidesaHYbHRY nfdtesiofBOR) | AR LRSS '
i nvention. Vasri ous ot herS asg%g{ggr,altée glmgrent g{,oqen%@??t?lgéa%? ?eoﬁjfsn,lgoglﬁfi
equi val ents thereof which, after reading 15 the description herein, may
sugge t M@ EOepeiupphgli nary skill in the art w thout departing
from ?Ee Egl rt o I\Elﬁe prgsent gnventi on or the scope of the appended
cl ai ns. MEhe preseiex inddtjong fithempyovides adehmtysi retipositi@c edhichanae wit h
ASTM D123z§0n@}tri8190n %n‘{\éiﬁhianicz’cwo ramwei ght. 20Hi %h | oad nelt .i ndex (HLM,
9/ 10 m n) VR P WA 19THC SOTBPHEHc A ifing Tonic Tompound is”an ionic



ASTM D1238 at 190 C with a 21,600 gram wei ght. Pol ymer density was
determ ned in grans per cubic centineter (g/cnB) on a conpression nol ded
sanpl e, owoleth/mbioabout 15 C per hour, and conditioned Pomr/tsbaatoss6s hour s
at roomtenperature in accordance w t3s ASTM D1505 and ASTM D1928,
25procedure C. Melt rheol ogi cal characterizations were perfornmed as

fol | ows. Semippunshthatican furgedn asan dctivator or colvetatysneasbaremthet sstivier ef ther f or ned

on a Rheo j i i {ih6 e usi ra - bl ate
Geonet ry. e RbBRs. birfte sbluenfitry SQURRERT 1ncbBh 0% BAR Bardh 2
vi scosi ty 1a7i7itg veris gsmpowgusneypatla pf dedctngveiit 4 nemiBEereucongpobind taedl usi ng
the modi T18e ditle®hePAEATBLAL 168" SR YBRUARI L I BRI (@lnpIBER! o 0. 0L N
the zero shear scosity - 70, Tharalter rate VIeel8irde r amRat ol ti e -
To, and WBiPEGAGB0d 06RIMUS200HMMNIS5B4aibowhileendyiadling pdecivehdby - a. The

simplifie rr.eals Ya .enpirical nodel.is as follows.. [[1 0.77 cor
J(1-n)/a fj[he érlg%npglei%?w& 9?9 sz”ngn nieP e RP I, S3) g‘ﬁ?cé%ﬁsr a\‘/il%rh%}gg’ty; 5710=
zer 0 shearcompswusby yompleizFy or parsiely sxtraetiag ah iadionid Hginda pessibly @adinh”
paraneter;_ .nz fixes the fin ower |aw sl ope, fixed at 2/11; and co =
angul ar f ri&G3iEmdy l%afndossuglllIals?t(’o?}?/msﬂ’gar?&ﬁ‘zocﬁlgef or]{PéYeiVB%.tﬁel(B‘E%%‘% 'YIBF the

si gni fi canompeurd i Bh ectprek addatileso bf wheh& Yt ivaited thamekidiRcéncegbspactanet er s nmay
be found iy:.. C.. A Heber and H H. Chiang, eol, Acta, 28, 321 (1989);

e a Hitenef tighh 1 o B 45,10 O A1 R gRTSaeakons she GREral dgpg n bt R B
Bird, R GnetdlodEiel sifi@lyedtdrdinatd3as s Xelipand)on adhivates te tRath¥oTeAd Conbioltd ds,

Vol une 1, Fluid chanics, 2nd Edition, John Wley & Sons (1987); each of
which is PESAREPESTRELE™ ™ Wrein by reference in its entirety.

Mol ecul ar  wei gitiSheanet ¥OhA Chblcadsaryeingt thediohizidghishic0Bemp&ime LRBLatngd using a
PL 220 SEC hi g}h t enper at ure chr omat o?ra hy unit (Polymer Laboratories) with
1

tri chl or ot BREecPEBPURsOrlKe T8ppeHBIATION inEtiommof thejprizipg asic comaolpd nute at a
t enperat uregn B evidiat fa thSbhahdedGeMint lcha B bhipdsiiGt ] RhaPUs )co%gar@d
concentration of 20 0.5 g/L was used as a stabilizer in the TCB. An

i nj ect i on Y 3FpEstepmpottion thatdoss Rpd eenteinah iqniziegicnigicomppbynder concentrati on
of 1.5 ng/nL. B f . . L bi,lized C i ed out
by heating ai LEoirort SoiBe e SORROGA Ml Piobl R Tnd CHnHEE 1R 00

col utms udelipwirg ecompogrdsPl g éri(niYuddmmon®nt o uakisp-taly BbaBaeyi(ralndyhver e

S Soog dnitidnle Dr @il ARl BARES MY AbRARIRA PN ! kiR X(1)
20  dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)borate,
tri(n-butyl)ammonium tetrakis{3,5-bis(trifluoromethyl)phenyl]borate, tri(n-
butyl)ammonium tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(p-
tolyDborate, N,N-dimethylanilinium tetrakis(m-tolyl)borate, N,N-dimethylanilinium
tetrakis(2,4-dimethylphenyl)borate, =~ N,N-dimethylanilinium tetrakis(3,5-dimethyl-
25  phenylborate, N,N-dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(p-tolyl)borate, triphenylcarbenium tetrakis(m-tolyl)borate, triphenylcarbenium
tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoro-
30  methyl)phenyl]borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate, tropylium
tetrakis(p-tolyl)borate, tropylium tetrakis(m-tolyl)borate, tropylium tetrakis(2,4-

dimethylphenyl)borate, tropylium tetrakis(3,5-dimethylphenyl)borate, tropylium
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1.6 to 1. Golshandmae, cubitguieet teﬁﬁklsmtﬂlyl)aﬂﬂmﬂh@m riithidH" Nagga@g@YNd the

quartz tube was then turned gn.and the tenperature was raised at the rate

of about 4tBeteylphsnybuminats, tllfgl“ﬁ'ésﬁ“rtféhls@a? gimsthydpheayhdyainatee Bhiwgbout 600

C. Al 1ishi Sett@BSERkaE th&dmwiertem(ﬁéntawpﬁ&yf)gwn%@ fofoghput three
hours in the dry air. 20 Afterward, the sulfated al’'um na &ctivat or - support

was col | edeteghemlplunirted wadiem drgirakis(p-tsbdleluminefeasodivad erdkem- exposur e

to the atnms ]%%ﬁatec%@w&ryﬁs%ﬁg ﬁg@ylfﬁ@ﬁﬁé Ss&ﬁ@ﬂ%ﬁﬂu&@' 5Ng @

chrom um based catal yst system I've 2 wer e produced in
accor dancdimgthyiphenzl)dlemineté ng prsmbemur e. @reifi;lomadlamoabal yst potagsiuam ned from

WR Grac \Y; almnatlonln
1 ui di zed %ﬁggg;en%ggor%ﬂgﬁw%gg n&tres L{rrll %ltpa he la(i: 1natethg? ses dmhn der
ni tro@én torakis@-@hyl)abwtinae, avepotas;pwnppedemmdqmttelypemahnme copcbtasxiunand a 30

mari ne sti (o) m About ut ane I UId wer e
added, folt{trc?\%’gg Aggl i ?oge Da?‘HH‘“?ﬁgbn (i fpﬁgséﬂﬁn Hydri?zré Sgas vva( added to

t he react collrmeihyl]ﬂfmnyl)a]ummate potassium 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.

25  Patent Nos. 5,576,259 and 5,807,938, the disclosures of which are incorporated herein

by reference in their entirety.

OLEFIN MONOMERS
Unsaturated reactants that can be employed with catalyst compositions and
30  polymerization processes of this invention typically include olefin compounds having
from about 2 to 30 carbon atoms per molecule and having at least one olefinic double

bond. This invention encompasses copolymerization and higher reactions (e.g.,



C froma 1-L pressurized storage cylinder. Enough hydrogen was added to

cause a 100 psig drop in pressure in the storage cylinder.

The tenperature

of the resotoroosee WO 2010/ 080106PCT/ US2009/ 006564 58 rhens2evonessed t o
103C. Ethyl ene was added to 550 psig,37and continuously added to maintain
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polymer with a nar ecul ar wei ght distribution. Table I. Pol yner
propertleft‘?ﬁ‘ ‘E(Sn[?ﬁbr %‘f% E?%Hrrpl es 1-2. Exanple Catal yst Type Hydrogen A

psig M g/ nol  Maygiceyclipdicytli€rtérbiitil (€), 2ierrdPlinear, branched, substituted,

10

15

20

25

30

unsubstituted, functionalized, and non-functionalized olefins can be employed in this
invention. For example, typical unsaturated compounds that can be polymerized with
the catalyst compositions of this invention include, but are not limited to, ethylene,
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-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, can also be polymerized as
described above. Styrene can also be employed as a monomer in the present invention.

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 comonomer. According to one aspect of this invention, the olefin
monomer in the polymerization process is 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, 1-octene, 1-decene, styrene, and the like, or combinations thereof. According
to one aspect of the present invention, the at least one comonomer is selected from 1-
butene, 1-pentene, 1-hexene, 1l-octene, 1-decene, or styrene, or any 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 weight of the monomer and comonomer. According to another aspect of

the present invention, the amount of comonomer introduced into a reactor zone is from



179,100 8.8 2 Cr/Si02 100 17,540 103,100 5.9 EXAMPLES 3-7 Pol yners
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impede and/or slow the polymerization process. Thus, branched and/or cyclic
10  portion(s) of the olefin removed somewhat from the carbon-carbon double bond would
not be expected to hinder the reaction in the way that the same olefin substituents
situated more proximate to the carbon-carbon double bond might. In addition, the
catalyst compositions and processes of this invention can be used in the polymerization

of diolefin compounds including, but not limited to, 1,3-butadiene, isoprene, 1,4-

15 pentadiene, and 1,5-hexadiene.

CATALYST COMPOSITIONS
The present invention employs catalyst compositions containing a bridged
metallocene compound. One such catalyst composition comprises a contact product of
20 at least one metallocene compound and at least one activator. This catalyst
composition can further comprise at least one organoaluminum compound. Suitable
activators can include, but are not limited to, an activator-support, an aluminoxane
compound, an organoboron or organoborate compound, an ionizing ionic compound, and
the like, or a combination thereof.
25 These catalyst compositions can be used to produce polyolefins, such as
ethylene copolymers, for a variety of end-use applications. The at least one

metallocene compound in these catalyst compositions has the formula:



WO 2010/ 080106PCT/ US2009/ 006564 59 total anmount of hydrogen added was
recorded as the pressure drop in the 340-nL vessel. The contents of the
react or weoeorsntoai ned at the run tenperature for eithecTAB2@w/08636411 nut es
by an automated heating-cooling systesm The pol ynmerization conditions and
resul tant polyner properties for Inventive Exanples 3-6 and Conparative
Exanpl e 57 are |listed in Tabl & FI G 4 conpares the nol ecul ar

wei ght distributions of the 9 xanpl es 3-7, while Table Il lists
M, HLM, density, My, MRSANO Q o/of R¥MN, a neasure of nol ecul ar
wei ght distribution. As shown by cofnparing the results of Exanples 3-6 with
those of Exanple 7, polynerg1proddced usi«d MET 1 in 10 the presence of
hydrogen had a broader nol uIﬂ;;E igM\q stribution than the pol ymer
produced in the absence of RJydroge abl' &1 1. Polymerization Conditions
and Pol ynmer Properties of anpl e Exanpl e Metal | ocene MET 1 (nm)
Time (mn) Hydrogen A psig (R6)3A1 |) g PE produced 3 0.5 ng 30 58 0.5
TI BA 211

(I), wherein:

M'is Ti, Zr, or Hf;
X is independently F; Cl; Br; I; methyl; phenyl; H; BHs; OBR?, or SO;R?®,
5 wherein R* is an alkyl or aryl group having up to 12 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any
of which can have up to 20 carbon atoms;
E is C or Si;
R' and R? are independently H or an alkyl or aryl group having up to 12 carbon
10  atoms, wherein at least one of R' and R? is an aryl group;

R* and R*® are independently H or a hydrocarbyl or hydrocarbylsilyl group
having up to 20 carbon atoms;

R? is an alkyl or alkenyl group having up to 10 carbon atoms; and

R>* and R*® are independently H or a hydrocarbyl group having up to 12 carbon

15 atoms.

In accordance with these and other aspects of the present invention, it is
contemplated that the catalyst compositions disclosed herein can contain additional
bridged or unbridged metallocene compounds, as well as more than one activator.
Additionally, more than one organoaluminum compound is also contemplated.

20 A catalyst composition in another aspect of the present invention comprises a
contact product of at least one metallocene compound having formula (I), at least one
activator-support, and at least one organoaluminum compound, wherein this catalyst

composition is substantially free of aluminoxanes, organoboron or organoborate



4 0.5 ng 30 45 0.5 TIBA 177 5 0.5 ng 30 37 0.5 TNBA 113 6 0.5 ng 30 34 0.5
TNBA 131 7 0.68 ng 19 0 0.5 "TNBA 124 Table Il (conti nued).
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compounds, and ionizing ionic compounds. In this aspect, the catalyst composition has
catalyst activity, to be discussed below, in the absence of these additional materials.
However, in other aspects of this invention, these compounds can be employed
as activators. For example, a catalyst composition comprising at least one metallocene
5  compound and at least one activator is contemplated, and in this aspect, the activator is
an aluminoxane compound, an organoboron or organoborate compound, an ionizing
ionic compound, or any combination thereof. More than one activator or co-catalyst
can be present in the catalyst composition.
A catalyst composition in yet another aspect of the present invention comprises
10 a contact product of one metallocene compound having formula (I) and at least one
activator. That is, the catalyst composition comprises only one metallocene compound,
and said one metallocene compound has formula (I), in this aspect of the invention.
Optionally, this catalyst composition can further comprise at least one organoaluminum
compound. For example, a catalyst composition useful in the present invention can
15  consist essentially of one metallocene compound having formula (I), one activator-
support (e.g., a chemically-treated solid oxide), and one organoaluminum compound
(e.g., TIBA), wherein no other materials are present in the catalyst composition which
would increase/decrease the activity of the catalyst composition more than about 10%
from the catalyst activity of the catalyst composition in the absence of said materials.
20 This invention further encompasses methods of making catalyst compositions
disclosed herein, such as, for example, contacting the respective catalyst components in
any order or sequence.
In one aspect of the invention, the at least one metallocene compound can be
precontacted with an olefinic monomer if desired, not necessarily the olefin monomer
25  or comonomer to be copolymerized, and an organoaluminum compound for a first
period of time prior to contacting this precontacted mixture with an activator-support.
The first period of time for contact, the precontact time, between the metallocene
compound or compounds, the olefinic monomer, and the organoaluminum compound
typically ranges from a time period of about 0.05 hours to about 24 hours, for example,
30  from about 0.05 hours to about 1 hour. Precontact times from about 10 minutes to

about 30 minutes are also employed.
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In another aspect of the invention, the at least one metallocene compound can
be precontacted with an olefinic monomer and an activator-support for a first period of
time prior to contacting this precontacted mixture with an organoaluminum compound.
The first period of time for contact, the precontact time, between the metallocene

5 compound or compounds, the olefinic monomer, and the activator-support typically
ranges from a time period of about 0.05 hours to about 24 hours, for example, from
about 0.05 hours to about 2 hours. Precontact times from about 10 minutes to about 60
minutes are also employed.

Alternatively, the precontacting process is carried out in multiple steps, rather

10 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.

Multiple precontacting steps can be carried out in a single vessel or in multiple

15 vessels. Further, multiple precontacting steps can be carried out in series (or
sequentially), in parallel, or a combination thereof. For example, a first mixture of two
catalyst components can be formed in a first vessel, a second mixture comprising the
first mixture plus one additional catalyst component can be formed in the first vessel or
in a second vessel, which is typically placed downstream of the first vessel.

20 In another aspect, one or more of the catalyst components can be split and used
in different precontacting treatments. For example, part of a catalyst component is fed
into a first precontacting vessel for precontacting with at least one other catalyst
component, while the remainder of that same catalyst component is fed into a second
precontacting vessel for precontacting with at least one other catalyst component, or is

25  fed directly into the reactor, or a combination thereof. The precontacting can be carried
out in any suitable equipment, such as tanks, stirred mix tanks, various static mixing
devices, a flask, a vessel of any type, or combinations of these apparatus.

In another aspect of this invention, the various catalyst components (for
example, bridged metallocene, activator-support, organoaluminum co-catalyst, and

30  optionally an unsaturated hydrocarbon) are contacted in the polymerization reactor
simultaneously while the polymerization reaction is proceeding. Alternatively, any two

or more of these catalyst components can be precontacted in a vessel prior to entering
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the reaction zone. This precontacting step can be continuous, in which the precontacted
product is fed continuously to the reactor, or it can be a stepwise or batchwise process
in which a batch of precontacted product is added to make a catalyst composition. This
precontacting step can be carried out over a time period that can range from a few

5 seconds to as much as several days, or longer. In this aspect, the continuous
precontacting step generally lasts from about 1 second to about 1 hour. In another
aspect, the continuous precontacting step lasts from about 10 seconds to about 45
minutes, or from about 1 minute to about 30 minutes.

Once the precontacted mixture of the metallocene compound, olefin monomer,

10 and organoaluminum co-catalyst is contacted with the activator-support, this
composition (with the addition of the activator-support) is termed a “postcontacted
mixture.” The postcontacted mixture optionally remains in contact for a second period
of time, the postcontact time, prior to initiating the polymerization process. Postcontact
times between the precontacted mixture and the activator-support generally range from

15 about 0.05 hours to about 24 hours. In a further aspect, the postcontact time is in a
range from about 0.05 hours to about 1 hour. The precontacting step, the
postcontacting step, or both, can increase the productivity of the polymer as compared
to the same catalyst composition that is prepared without precontacting or
postcontacting. However, neither a precontacting step nor a postcontacting step is

20  required.

The postcontacted mixture can be heated at a temperature and for a time period
sufficient to allow adsorption, impregnation, or interaction of precontacted mixture and
the activator-support, such that a portion of the components of the precontacted mixture
is immobilized, adsorbed, or deposited thereon. Where heating is employed, the

25  postcontacted mixture generally is heated to a temperature of from between about 0 °F
to about 150 °F, or from about 40 °F to about 95 °F.

According to one aspect of this invention, the molar ratio of the moles of
metallocene compound to the moles of organoaluminum compound in a catalyst
composition generally is in a range from about 1:1 to about 1:10,000. In another

30  aspect, the molar ratio is in a range from about 1:1 to about 1:1,000. Yet, in another
aspect, the molar ratio of the moles of metallocene compound to the moles of

organoaluminum compound is in a range from about 1:1 to about 1:100. These molar
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8-14. Exanmige ffoh{a?doht)b.em@al(dﬂig) me 080 @R rofmbotly J I ®@EIbout 1:10,000. Yet,
in another aspect, the weight ratio of the metallocene compound to the activator-
support is in a range from about 1:20 to about 1:1000.
25 According to some aspects of this invention, aluminoxane compounds are not
required to form the catalyst composition. Thus, the polymerization can proceed in the
absence of aluminoxanes. Accordingly, the present invention can use, for example,
organoaluminum compounds and an activator-support in the absence of aluminoxanes.
While not intending to be bound by theory, it is believed that the organoaluminum
30  compound likely does not activate the metallocene catalyst in the same manner as an

organoaluminoxane compound.
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Additionally, in some aspects, organoboron and organoborate compounds are
not required to form a catalyst composition of this invention. Nonetheless,
aluminoxanes, organoboron or organoborate compounds, ionizing ionic compounds, or
combinations thereof, can be used in other catalyst compositions contemplated by and

5  encompassed within the present invention. Hence, aluminoxanes, organoboron or
organoborate compounds, ionizing ionic compounds, or combinations thereof, can be
employed with the metallocene compound, for example, either in the presence or in the
absence of an organoaluminum compound.

Catalyst compositions of the present invention generally have a catalyst activity

10 greater than about 100 grams of polyethylene (homopolymer, copolymer, etc., as the
context requires) per gram of activator-support per hour (abbreviated gPE/(gAS-hr)).
In another aspect, the catalyst activity is greater than about 150, greater than about 200,
or greater than about 250 gPE/(gAS-hr). In still another aspect, catalyst compositions
of this invention are characterized by having a catalyst activity greater than about 500,

15  greater than about 1000, or greater than about 1500 gPE/(gAS-hr). Yet, in another
aspect, the catalyst activity is greater than about 2000 gPE/(gAS-hr). This activity is
measured under slurry polymerization conditions using isobutane as the diluent, at a
polymerization temperature of about 90 °C and a reactor pressure of about 450 psig.

As discussed above, any combination of the metallocene compound, the

20  activator-support, the organoaluminum compound, and the olefin monomer, can be
precontacted in some aspects of this invention. When any precontacting occurs with an
olefinic monomer, it is not necessary that the olefin monomer used in the precontacting
step be the same as the olefin to be copolymerized. Further, when a precontacting step
among any combination of the catalyst components is employed for a first period of

25  time, this precontacted mixture can be used in a subsequent postcontacting step
between any other combination of catalyst components for a second period of time.
For example, a metallocene compound, an organoaluminum compound, and 1-hexene
can be used in a precontacting step for a first period of time, and this precontacted
mixture then can be contacted with an activator-support to form a postcontacted

30 mixture that is contacted for a second period of time prior to initiating the
polymerization reaction. For example, the first period of time for contact, the

precontact time, between any combination of the metallocene compound, the olefinic
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monomer, the activator-support, and the organoaluminum compound can be from about
0.05 hours to about 24 hours, from about 0.05 hours to about 1 hour, or from about 10
minutes to about 30 minutes. The postcontacted mixture optionally is allowed to
remain in contact for a second period of time, the postcontact time, prior to initiating
5  the polymerization process. According to one aspect of this invention, postcontact
times between the precontacted mixture and any remaining catalyst components is from

about 0.05 hours to about 24 hours, or from about 0.1 hour to about 1 hour.

POLYMERIZATION PROCESS

10 Catalyst compositions of the present invention can be used to polymerize
olefins to form copolymers, terpolymers, and the like. One such process for
polymerizing olefins in the presence of a catalyst composition comprises contacting the
catalyst composition with an olefin monomer and at least one olefin comonomer under
polymerization conditions to produce an olefin polymer, wherein the catalyst

15 composition comprises a contact product of at least one metallocene compound and at
least one activator. This polymerization process is conducted in the presence of
hydrogen, and results in an olefin polymer with a ratio of Mw/Mn ranging from about 3
to about 6. The at least one metallocene compound employed in the catalyst
composition has the formula:

20

(I), wherein:

M'is Ti, Zr, or Hf;
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X is independently F; Cl; Br; I; methyl; phenyl; H; BHs; OBR*, or SO;R”,
wherein R* is an alkyl or aryl group having up to 12 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbyisilyl group, any
of which can have up to 20 carbon atoms;

5 E is C or Si;

R' and R? are independently H or an alkyl or aryl group having up to 12 carbon
atoms, wherein at least one of R' and R? is an aryl group;

R’ and R*® are independently H or a hydrocarbyl or hydrocarbylsilyl group
having up to 20 carbon atoms;

10 R* is an alkyl or alkenyl group having up to 10 carbon atoms; and

R** and R®® are independently H or a hydrocarby! group having up to 12 carbon
atoms; and

Olefin polymerization processes disclosed herein can be conducted using
various types of polymerization reactors. As used herein, “polymerization reactor”

15 includes any polymerization reactor capable of polymerizing olefin monomers and
comonomers (one or more than one comonomer) to produce copolymers, terpolymers,
and the like. The \}arious types of reactors include those that may be referred to as
batch, slurry, gas phase, solution, high pressure, tubular, or autoclave reactors. Gas
phase reactors may comprise fluidized bed reactors or staged horizontal reactors.

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

25 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 in multiple reactors may include several stages in at least two separate
polymerization reactors interconnected by a transfer device making it possible to
transfer the polymers resulting from the first polymerization reactor into the second

30  reactor. The desired polymerization conditions in one of the reactors may be different
from the operating conditions of the other reactors. Alternatively, polymerization in

multiple reactors may include the manual transfer of polymer from one reactor to
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subsequent reactors for continued polymerization. Multiple reactor systems may

include any combination including, but not limited to, multiple loop reactors, multiple

gas phase reactors, a combination of loop and gas phase reactors, multiple high

pressure reactors, or a combination of high pressure with loop and/or gas phase
5  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 comonomer may be continuously fed to a loop reactor
where polymerization occurs. Generally, continuous processes may comprise the

10 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 that comprise the diluent, monomer and/or
comonomer. Various technologies may be used for this separation step including but

15  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.

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,

20 5,565,175, 5,575,979, 6,239,235, 6,262,191, and 6,833,415, each of which is
incorporated herein by reference in its entirety.

Suitable diluents used in slurry polymerization include, but are not limited to,
the monomer being polymerized and hydrocarbons that are liquids under reaction
conditions. Examples of suitable diluents include, but are not limited to, hydrocarbons

25  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, which is incorporated by reference herein in
its entirety.

30 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
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appropriately to obtain optimal polymerization reaction conditions.
According to yet another aspect of the invention, the polymerization reactor
20 may comprise a solution polymerization reactor wherein the monomer/comonomer are
contacted with the catalyst composition by suitable stirring or other means. A carrier
comprising an inert organic diluent or excess monomer may be employed. If desired,
the monomer/comonomer may be brought in the vapor phase into contact with the
catalytic reaction product, in the presence or absence of liquid material. The
25  polymerization zone is maintained at temperatures and pressures that will result in the
formation of a solution of the polymer in a reaction médium. Agitation may be
employed to obtain better temperature control and to maintain uniform polymerization
mixtures throughout the polymerization zone. Adequate means are utilized for
dissipating the exothermic heat of polymerization.
30 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
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30  controlled at a weight ratio in a range from about 75 ppm to about 900 ppm, from about
100 ppm to about 800 ppm, or from about 125 ppm to about 700 ppm, in some aspects

of this invention.
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Inventive maintaining the feed ratio between about 75 ppm and about 125 ppm. Further, the

addition of comonomer (or comonomers) can be, and generally is, substantially
constant throughout the polymerization run for a particular polymer grade. The
20  reactant/feed strategy employed herein is different from the pulsing of reactants
employed ih U.S. Patent No. 5,739,220 and U.S. Patent Publication No. 2004/0059070,
for example.
Yet, in another aspect, effluent flush gas from the polymerization reactors
disclosed herein generally has a hydrogen to olefin monomer molar ratio of less than
25  about 0.01, although this ratio can depend upon the desired polymer molecular weight,
M], etc. In an ethylene polymerization, the hydrogen:ethylene molar ratio is typically
less than about 0.01, and often, less than about 0.005. For example, for an ethylene
copolymer with a high load melt index (HLMI) of 150 g/10 min, this
hydrogen:ethylene molar ratio in the effluent flush gas is generally less than about
30 0.005.
The polymerization process disclosed herein can be conducted in a single

reactor in certain aspects of this invention. Thus, multiple reactor systems are not
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required. An olefin polymer (e.g., an ethylene copolymer) can be produced in the

presence of hydrogen and a metallocene-based catalyst system, in a single reactor,

resulting in a polymer with a ratio of Mw/Mn in the range from about 3 to about 6.

Further, the single reactor can be, as discussed above, a gas phase reactor, a loop
5 reactor, or a stirred tank reactor, for example.

The concentration of the reactant 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 product ultimately can determine the desired polymer properties and

10 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.

15 This invention is also directed to the polymers produced by any of the
polymerization processes disclosed herein.  Specific polymer properties and
characteristics will be discussed in greater detail in the following section. Articles of
manufacture can be formed from, and can comprise, the polymers produced in
accordance with this invention.

20
POLYMERS AND ARTICLES

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

25  manufacture can be formed from, and can comprise, the ethylene polymers of this
invention, whose typical properties are provided below.

Polymers of ethylene (copolymers, terpolymers, etc.) produced in accordance
with this invention generally have a melt index from about 0.01 to about 100 g/10 min.
Melt indices in the range from about 0.1 to about 50 g/10 min, or from about 0.3 to

30  about 20 g/10 min, are contemplated in some aspects of this invention. For example, a
polymer of the present invention can have a melt index in a range from about 0.5 to

about 10, from about 0.5 to about 6, or from about 0.5 to about 3 g/10 min.
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The density of ethylene-based polymers produced using one or more
metallocene compounds disclosed herein typically falls within the range from about
0.88 to about 0.97 g/cm®. In one aspect of this invention, the density of an ethylene

polymer is in a range from about 0.90 to about 0.95 g/cm3

. Yet, in another aspect, the
5  density is in a range from about 0.91 to about 0.94 g/cm3, such as, for example, from
about 0.91 to about 0.93 g/cm’.

Ethylene polymers, such as copolymers and terpolymers, having a weight-
average molecular weight (Mw) that falls within a range from about 15,000 to about
350,000 g/mol are within the scope of the present invention. Often, the Mw of the

10 polymers of the present invention is within a range from about 20,000 to about 250,000
g/mol, for example, from about 50,000 to about 200,000 g/mol, or from about 70,000 to
about 150,000 g/mol.

One measure of the molecular weight distribution of ethylene polymers
disclosed herein is the polydispersity index, or the ratio of Mw/Mn, where Mw is

15  weight-average molecular weight and Mn is number-average molecular weight.
Generally, the ratios of Mw/Mn for polymers prepared by traditional metallocene
catalyst systems, and not of this invention, are in a range from about 2.0 to about 2.5.
However, the ratios of Mw/Mn for polymers of this invention are in a range from about
3 to about 6. In some aspects, the Mw/Mn ratio of the polymer is in a range from about

20 3.1 to about 5.5, or from about 3.1 to about 5.0. In other aspects, the Mw/Mn of the
polymer is in a range from about 3.2 to about 4.8, from about 3.2 to about 4.5, from
about 3.3 to about 4.4, or from about 3.5 to about 4.4.

Ethylene polymers produced using the polymerization processes and catalyst
systems described above have a reverse comonomer distribution. A reverse

25 comonomer distribution, as used herein, refers to a polymer in which the higher
molecular weight components of the polymer have higher comonomer incorporation
than the lower molecular weight components. Generally, there is increasing
comonomer incorporation with increasing molecular weight. Often, the amount of
comonomer incorporation at higher molecular weights is about 20% higher, or 30%

30 higher, than at lower molecular weights. In one aspect, the amount of comonomer
incorporation at higher molecular weights is about 50% higher than at lower molecular

weights. Another characterization of a reverse comonomer distribution is that the
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number of short chain branches (SCB) per 1000 total carbon atoms is greater at Mw
than at Mn.

The short chain branching distribution (SCBD) of polymers of this invention
also can be characterized by a ratio of the number of SCB per 1000 total carbon atoms

5  of the polymer at a molecular weight of 10>’ to the number of SCB per 1000 total
carbon atoms of the polymer at a molecular weight of 104 i.e., (SCB at 10> molecular
weight) / (SCB at 10* molecular weight). In this invention, the ratio is greater than 1.
In another aspect, the ratio of the number of SCB per 1000 total carbon atoms of the
polymer at a molecular weight of 10°° to the number of SCB per 1000 total carbon

10 atoms of the polymer at a molecular weight of 10* is greater than about 1.2, for
example, greater than about 1.3. In other aspects, the ratio is greater than about 1.5.
Yet, in other aspects, the ratio is in a range from about 1 to about 5, from about 1.2 to
about 4, or from about 1.3 to about 3.5. As an example, the ratio of the number of SCB
per 1000 total carbon atoms of the polymer at a molecular weight of 10°* to the number

15  of SCB per 1000 total carbon atoms of the polymer at a molecular weight of 10* can be
in a range from about 1.5 to about 3.

In addition, the SCBD of polymers of the present invention can be characterized
by the ratio of the number of SCB per 1000 total carbon atoms of the polymer at D90 to
the number of SCB per 1000 total carbon atoms of the polymer at D10, i.e., (SCB at

20 D90) / (SCB at D10). D90 is the molecular weight at which 90% of the polymer by
weight has higher molecular weight, and D10 is the molecular weight at which 10% of
the polymer by weight has higher molecular weight. D90 and D10 are depicted
graphically in FIG. 2. In accordance with one aspect of the present invention, a ratio of
the number of short chain branches (SCB) per 1000 total carbon atoms of the polymer

25  at D90 to the number of SCB per 1000 total carbon atoms of the polymer at D10 is less
than about 0.9. For instance, the ratio of (SCB at D90) / (SCB at D10) can be in a
range from about 0.1 to about 0.9. In another aspect, the ratio is less than about 0.8, or
less than about 0.7. Yet, in another aspect, the ratio of the number of SCB per 1000
total carbon atoms of the polymer at D90 to the number of SCB per 1000 total carbon

30  atoms of the polymer at D10 is in a range from about 0.2 to about 0.8, such as, for

example, from about 0.3 to about 0.7.
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Analytical Temperature Rising Elution Fractionation (ATREF) can be used to
characterize the SCBD of the polymers disclosed herein. In an ATREF test, less than
about 5% by weight of these polymers is eluted below a temperature of 40 °C. In
another aspect, less than about 4% by weight, or less than about 3% by weight, of the

5  polymer is eluted below a temperature of 40 °C in an ATREF test. For example, less
than about 1% by weight of the polymer can be eluted below a temperature of 40 °C in
an ATREF test.

Generally, polymers of the present invention have low levels of long chain
branching, with typically less than about 0.05 long chain branches (LCB) per 1000 total

10  carbon atoms. Iﬁ some aspects, the number of LCB per 1000 total carbon atoms is less
than about 0.04, less than about 0.03, less than about 0.02, or less than about 0.01.
Furthermore, polymers of the present invention can have less than about 0.008, less
than about 0.006, less than about 0.005, less than about 0.004, less than about 0.003,
less than about 0.002, or less than about 0.001 LCB per 1000 total carbon atoms, in

15 other aspects of this invention.

An illustrative and non-limiting example of an ethylene polymer of the present
invention can be characterized by a melt index from about 0.1 to about 100 g/10 min; a
ratio of Mw/Mn from about 3 to about 6; and a reverse comonomer distribution. This
polymer also has less than about 0.05 LCB per 1000 total carbon atoms; and less than

20  about 5% by weight of the polymer is eluted below a temperature of 40 °C in an
ATREF test.

Another exemplary ethylene polymer has a melt index from about 0.3 to about
20 g/10 min; a ratio of Mw/Mn from about 3.1 to about 5.0; a reverse comonomer
distribution; less than about 0.01 LCB per 1000 total carbon atoms; and less than about

25 3% by weight of the polymer eluted below a temperature of 40 °C in an ATREF test.

Yet another ethylene polymer disclosed herein has a melt index from about 0.5
to about 10 g/10 min; a ratio of Mw/Mn from about 3.2 to about 4.5; a reverse
comonomer distribution; less than about 0.005 LCB per 1000 total carbon atoms; and
less than about 1% by weight of the polymer eluted below a temperature of 40 °C in an

30 ATREF test.

Polymers of ethylene, whether copolymers, terpolymers, and so forth, can be

formed into various articles of manufacture. Articles which can comprise polymers of
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this invention 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 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
5 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 polymers in order to provide beneficial polymer
processing or end-use product attributes.
10
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
15 the 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 index (M1, g/10 min) was determined in accordance with ASTM D1238 at
190 °C with a 2,160 gram weight.
20 High load melt index (HLMI, g/10 min) was determined in accordance with
ASTM D1238 at 190 °C with a 21,600 gram weight.
Polymer density was determined in grams per cubic centimeter (g/cms) on a
compression molded sample, cooled at about 15 °C per hour, and conditioned for about
40 hours at room temperature in accordance with ASTM D1505 and ASTM D1928,
25  procedure C.
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 complex viscosity |7* versus frequency (@) data were then
30  curve fitted using the modified three parameter Carreau-Yasuda (CY) empirical model

to obtain the zero shear viscosity — 79, characteristic viscous relaxation time — 7, and
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the breadth parameter — a. The simplified Carreau-Yasuda (CY) empirical model is as

follows.
s - 170
I n (a))l - [1+ (Tﬂa))a](l—n)/a )
wherein: |7*(w) | = magnitude of complex shear viscosity;
5 770 = zero shear viscosity;
7, = viscous relaxation time;
a = “breadth” parameter;
n = fixes the final power law slope, fixed at 2/11; and
o = angular frequency of oscillatory shearing deformation.
10 Details of the significance and interpretation of the CY model and derived

parameters may be found in: C. A. Hieber and H. H. Chiang, Rheol. Acta, 28, 321
(1989); C.A. Hieber and H.H. Chiang, Polym. Eng. Sci., 32, 931 (1992); and R. B.
Bird, R. C. Armstrong and O. Hasseger, Dynamics of Polymeric Liquids, Volume I,
Fluid Mechanics, 2nd Edition, John Wiley & Sons (1987); each of which is
15  incorporated herein by reference in its entirety.
Molecular weights and molecular weight distributions were obtained using a PL
220 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
20 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 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)
25  for which the molecular weight had been determined.
SCBD data was obtained using a SEC-FTIR high temperature heated flow cell
(Polymer Laboratories) as described by P.J. DesLauriers, D.C. Rohlfing, and E.T.
Hsieh, Polymer, 43, 159 (2002). The ATREF procedure was as follows: Forty
milligrams of the polymer sample and 20 mL of 1,2,4-trichlorobenzene were

30  sequentially charged into the vessel on a PolyChar TREF 200 + instrument. After
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dissolving the polymer, an aliquot of polymer solution was loaded on the column and
cooled at 0.5 °C/min to 35 °C. Then, the elution began using a 0.5 mL/min flow rate
and heating at 1 °C/min up to 120 °C.

The sulfated alumina activator-support employed in some of the Examples was
5  prepared in accordance with the following procedure. Bohemite was obtained from
W.R. Grace Company under the designation “Alumina A” and having a surface area of
about 300 mz/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
10 equal about 15% sulfate. 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 supported on the disk, air (nitrogen can be substituted) dried by passing
15  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 about three hours in the dry air.
20  Afterward, the sulfated alumina activator-support was collected and stored under dry

nitrogen, and was used without exposure to the atmosphere.

COMPARATIVE EXAMPLES 1-2

Polymers produced using a chromium-based catalyst system
25
Comparative Examples 1-2 were produced in accordance with the following

procedure. Cr/silica catalyst, obtained from W.R. Grace under the name 969MPI, was
activated by calcination in a fluidized bed at 700 °C for 3 hours. About 0.1 g was then
charged under nitrogen to a 2.2-L autoclave, equipped with temperature control and a
30 marine stirrer operating at 400 rpm. About 1.2 L of isobutane liquid were added,
followed by hydrogen addition (if used). Hydrogen gas was added to the reactor at 25
°C from a 1-L pressurized storage cylinder. Enough hydrogen was added to cause a

100 psig drop in pressure in the storage cylinder. The temperature of the reactor was
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then increased to 103°C. Ethylene was added to 550 psig, and continuously added to
maintain that pressure during polymerization. Thus, polymerizations were conducted
at a temperature of 103 °C, a pressure of 550 psig, and either in the presence of, or the
absence of, hydrogen. Polymerizations were stopped by venting after about 60
5  minutes.
FIG. 3 compares the molecular weight distributions of the polymers of
Comparative Examples 1-2, while Table I lists Mw, Mn, and the ratio of Mw/Mn, a
measure of molecular weight distribution. The results of Comparative Examples 1-2

indicate that the addition of hydrogen in the polymerization of ethylene produces a

10 polymer with a narrower molecular weight distribution.

Table I. Polymer properties of Comparative Examples 1-2.

Example

Catalyst
Type

Hydrogen
A psig

Mn
g/mol

Mw
g/mol

Mw/Mn

i

Cr/Si0,

0

20,250

179,100

8.8

Cr/Si0,

100

17,540

103,100

5.9

15

20

25

30

EXAMPLES 3-7
Polymers produced using Metallocene MET 1

The polymerization runs of Examples 3-7 were conducted in a one-gallon (3.8-
liter) stainless steel reactor as follows. First, the reactor was purged with nitrogen and
then with isobutane vapor. About 0.5 mL of 1M TIBA or TNBA organoaluminum co-
catalyst, 100 mg of sulfated alumina activator-support, and either 0.5 mg or 0.68 mg of
MET 1 were added in that order through a charge port while venting isobutane vapor.
The MET 1 was added from a 1 mg/mL solution prepared by dissolving 20 mg of
metallocene in 20 mL of toluene. The charge port was closed and 1.8 L of isobutane
were added. The contents of the reactor were stirre;i and heated to 80 °C. Thirty grams
of 1-hexene were then added into the reactor, followed by the introduction of ethylene
and hydrogen, with the hydrogen added at a fixed mass ratio with respect to the
ethylene flow. Hydrogen was stored in a 340-mL pressure vessel and added with the
ethylene via an automated feeding system, while the total reactor pressure was

maintained at 340 psig by the combined ethylene/hydrogen addition. Ultimately, the
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total amount of hydrogen added was recorded as the pressure drop in the 340-mL
vessel. The contents of the reactor were maintained at the run temperature for either 19

or 30 minutes by an automated heating-cooling system. The polymerization conditions

and resultant polymer properties for Inventive Examples 3-6 and Comparative Example

5 7 are listed in Table II.

FIG. 4 compares the molecular weight distributions of the polymers of

Examples 3-7, while Table II lists MI, HLMI, density, Mw, Mn, and the ratio of
Mw/Mn, a measure of molecular weight distribution. As shown by comparing the
results of Examples 3-6 with those of Example 7, polymers produced using MET 1 in

10 the presence of hydrogen had a broader molecular weight distribution than the polymer

produced in the absence of hydrogen.

Table IL. Polymerization Conditions and Polymer Properties of Examples 3-7.

15
Example | Metallocene Time | Hydrogen (R%),Al g PE
MET 1 (mg) (min) A psig (mmol) produced
3 0.5 mg 30 58 0.5 TIBA 211
4 0.5 mg 30 45 0.5 TIBA 177
5 0.5 mg 30 37 0.5 TNBA 113
6 0.5 mg 30 34 0.5 TNBA 131
7 0.68 mg 19 0 0.5 TNBA 124
Table II (continued).
20
Example MI HLMI Density Mn Mw Mw/Mn
g/10 2/10 min g/cc g/mol g/mol
: min
3 1.6 43 0.9210 22,500 | 113,300 5.0
4 1.9 47 0.9216 30,200 | 104,400 35
5 1.2 26 0.9209 37,200 | 113,900 3.1
6 1.0 23 0.9233 29,900 | 121,000 4.1
7 0.0 0 0.9058 | 274,000 | 612,500 2.2
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EXAMPLES 8-14
Polymers produced using Metallocene MET I or MET 2

5 The polymerization runs of Examples 8-14 were conducted in a one-gallon (3.8-
liter) stainless steel reactor as follows. First, the reactor was purged with nitrogen and
then with isobutane vapor. About 0.5 mL of 1M TIBA organoaluminum co-catalyst,
100 mg of sulfated alumina (SA) activator-support, and the specified quantity of either
MET 1 or MET 2 were added in that order through a charge port while venting

10 isobutane vapor. The MET 1 or MET 2 was added from a 1 mg/mL solution prepared
by dissolving 20 mg of metallocene in 20 mL of toluene. The charge port was closed
and then 2 L of isobutane were added. The contents of the reactor were stirred and
heated to 80 °C. The contents were maintained at that temperature for the duration of
the polymerization run using an automated heating-cooling system. Comonomer 1-

15 hexene was then added into the reactor, followed by the introduction of ethylene and
hydrogen at a fixed mass ratio via an automated feeding system. The total reactor
pressure was maintained at 355 psig throughout the run by the automated feeding
system. Ethylene and hydrogen were fed on demand to maintain the desired total
pressure of 355 psig for the 30-minute polymerization run. The polymerization

20  conditions and resultant polymer properties for Inventive Examples 8-11 and
Comparative Examples 12-14 are listed in Table III.

FIG. 5 compares the molecular weight distributions of the polymers of
Examples 8-14, while Table III lists MI, HLMI, density, Mw, Mn, and the ratio of
Mw/Mn, a measure of molecular weight distribution. As shown by comparing the

25  results of Examples 8-11 with those of Example 12, polymers produced using MET 1
in the presence of hydrogen had a broader molecular weight distribution than the
polymer produced in the absence of hydrogen. MET 1 also produced broader
molecular weight distribution polymers than MET 2 — in the presence of hydrogen — as
shown by comparing Examples 8-11 (MET 1) with Examples 13-14 (MET 2) in both

30  FIG. 5 and Table III.

The SCBD of Examples 9 and 12 are compared in FIG. 6. Example 9 was
produced using MET 1 in the presence of hydrogen and has a reverse comonomer

distribution. As shown in FIG. 6, the number of SCB per 1000 total carbon atoms is
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greater at Mw than at Mn for Example 9. Further, the ratio of the number of SCB per
1000 total carbon atoms at a molecular weight of 10>° to the number of SCB per 1000

total carbon atoms at a molecular weight of 10* is greater than 1.

Table III. Polymerization Conditions and Polymer Properties of Examples 8-14.

Example Metallocene |1-hexene | Hydrogen SA g PE
(mg) & (mg) (mg) | produced

8 0.5mg MET 1 35 261 104 155

9 0.5 mg MET 1 35 156 107 248

10 0.5 mg MET 1 35 132 109 300

11 0.38 mg MET 1 45 120 130 207

12 0.25 mg MET 1 35 0 109 142

13 2 mg MET 2 43 47 117 305

14 2 mg MET 2 43 33 97 261

Table III (continued).
Example MI HLMI Density Mn Mw Mw/Mn
g/10 min | g/10 min g/cc g/mol g/mol

8 8.2 327 0.9242 24,200 77,600 3.2
9 3.0 81 0.9240 27,700 90,700 3.3
10 2.0 52 0.9243 31,700 105,500 3.3
11 0.9 20 0.9156 41,900 142,500 3.4
12 0.0 0 0.9065 272,600 | 613,800 2.3
13 1.3 22 0.9142 45,900 106,900 23
14 0.8 14 09117 45,000 119,700 2.7

EXAMPLES 15-28
Polymers produced using Metallocene MET 1, MET 2, or MET 3

The polymerization runs of Examples 15-28 were conducted in a loop reactor as
follows. A 27.3-gallon (103.3 L) or 31.2-gallon (118 L) slurry loop reactor was
employed as the polymerization reactor. Polymerization runs were carried out under
continuous particle form process conditions in the loop reactor (also known as a slurry

process) by contacting a 1-hexene solution of the metallocene with triisobutylaluminum



29.1 27.8 29.7 29 Polynmer Production (Ib/hr) 35 34.3 32.9 34.9 34.4 Density
(pellets) (g/cc) 0.9214 0.9229 0.9206 0.9207 0.9207 Density (fluff) (g/cc)
0. 9185 0.wAQbB10MsBM8 0. 9183 0. 915 PCT/US2009/006564

62

(TIBA) and a sulfated alumina activator-support in a 500 or 1000-mL stirred autoclave
with continuous output to the loop reactor.
Precontacting was carried out in the following manner. A TIBA solution in
isobutane and the metallocene solution in 1-hexene were fed as separate streams into a
5  manifold upstream of the solid activator feeder outlet where they contacted each other
and were combined with isobutane flush. The solid activator was flushed with the
combined solution into the autoclave, briefly contacting the TIBA/metallocene just
before entering the autoclave. The combined solution flush used to transport the solid
activator into the autoclave was set at a rate that would result in a residence time of
10  approximately 20-30 minutes in the autoclave, controlled by adjusting the isobutane
flow rate. The total flow from the autoclave then entered the loop reactor.
Ethylene used was polymerization grade ethylene (obtained from AirGas
Specialty Gases) which was purified through a column of A201 alumina and activated
at 343 °C in nitrogen. 1-Hexene used was polymerization grade 1-hexene (obtained
15 from Chevron Phillips Chemical Company), which was further purified by distillation
and subsequently passed through a column of AZ300, an alumina molecular sieve
hybrid, and activated at 343 °C in nitrogen. The loop reactor was a liquid-full, 15.2-cm
diameter, loop reactor, having a volume of either 27.3 gallons (103.3 L) or 31.2 gallons
(118 L). Liquid isobutane was used as the diluent. Hydrogen was added to affect the
20 molecular weight and molecular distribution of the polymer product. The isobutane
was polymerization grade isobutane (obtained from Enterprise Products) that was
further purified by distillation and subsequently passed through a column of 13X
molecular sieves and activated at 343 °C in nitrogen.
Reactor pressure was approximately 590 psig. The reaction temperatures
25 employed are listed in Table IV. Additionally, the reactor was operated to have a
residence time of about 1.1 hours. The solid activator was added through a 0.35-mL
circulating ball-check feeder (for example 28, the feeder was 0.90 mL) and fed to the
500 or 1000-mL autoclave as described above. Metallocene concentrations in the
reactor were within a range of about 0.9-4.7 parts per million (ppm) of the diluent in
30 the polymerization reactor. Polymer was removed from the reactor at the rate of about
26-49 b/hr and recovered in a flash chamber. A Vulcan dryer was used to dry the

polymer under nitrogen at about 60-80 °C for the smaller volume reactor. The larger
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reactor was used in conjunction with a purge column operating in same temperature
range.
TIBA concentration in the reactor was in a range of about 36-84 ppm of the
diluent in the polymerization reactor, as listed in Table IV. About one-half of the
5  TIBA was added to the autoclave and the remainder fed directly to the reactor. To
prevent static build-up in the reactor, a small amount (less than 5 ppm based on the
weight of diluent) of a commercial antistatic agent available as Octastat 3000 was
added as needed.
The polymerization conditions and resultant polymer properties for Inventive

10 Examples 17-27 and Comparative Examples 15-16 and 28 are listed in Table IV.

FIG. 7 compares the molecular weight distributions of the polymers of
Examples 15-20 while Table IV lists MI, HLMI, density, Mw, Mn, and the ratio of
Mw/Mn, a measure of molecular weight distribution. As shown by comparing the
results of Examples 17-20 with those of Examples 15-16, polymers produced using

15 MET 1 were broader in molecular weight distribution than those produced using MET
2. Likewise, FIG. 8 compares the molecular weight distributions of the polymers of
Examples 15 and 21-25, and also demonstrates the broader molecular weight
distribution achieved using MET 1 as compared to MET 2.

The SCBD of Examples 20-25 is shown in FIG. 9. Each of these Examples

20 was produced using MET 1 in the presence of hydrogen and has a reverse comonomer
distribution. As shown in FIG. 9, the number of SCB per 1000 total carbon atoms is
greater at Mw than at Mn for Examples 20-25. Likewise, the ratio of the number of
SCB per 1000 total carbon atoms at a molecular weight of 10°* to the number of SCB
per 1000 total carbon atoms at a molecular weight of 10* is greater than 1.

25 Comparative Example 28 was produced using MET 3, while Inventive
Examples 26-27 employed MET 1. The SCBD of Example 28 is contrasted with the
SCBD of Examples 26-27 in FIG. 10. While Example 28 does not exhibit a reverse
comonomer distribution, Examples 26-27 have a reverse comonomer distribution, in
which the number of SCB per 1000 total carbon atoms is greater at Mw than at Mn.

30  Additionally, for Examples 26-27, the ratio of the number of SCB per 1000 total carbon
atoms at a molecular weight of 10°* to the number of SCB per 1000 total carbon atoms

at a molecular weight of 10* is greater than 1.
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FIG. 11 is a plot of log(7¢) versus log (Mw) and illustrates the low levels of

LCB of the inventive polymers of this invention. Linear polyethylene polymers are

observed to follow a power law relationship between their zero shear viscosity, 79, and

their weight-average molecular weight, Mw, with a power very close to 3.4. This

5 relationship is shown by a straight line with a slope of 3.4 when the logarithm of 7, is

plotted versus the logarithm of Mw (labeled linear polymer in FIG. 11). Deviations

from this linear polymer line are generally accepted as being caused by the presence of

LCB. Janzen and Colby presented a model that predicts the expected deviation from

the linear plot of log(77¢) vs. log(Mw) for given frequencies of LCB as a function of the

10 Mw of the polymer. See “Diagnosing long-chain branching in polyethylenes,” J. Mol.

Struct. 485-486, 569-584 (1999), which is incorporated herein by reference in its

entirety. Inventive polymers 3-6, 8-11, and 17-27 deviate only slightly from the well-

known 3.4 power law “Arnett line” which is used as an indication of a linear polymer

(J. Phys. Chem. 1980, 84, 649). All of these polymers have levels of LCB below the

15 line representing 10 LCB per 1E+06 TC, which is equivalent to 0.01 LCB per 1000

total carbon atoms.

Analytical Temperature Rising Elution Fractionation (ATREF) profiles of

Examples 20-26 are illustrated in FIG. 12. As illustrated in FIG. 12 and listed in

Table IV, only a very small weight fraction of these polymers was eluted below a

20 temperature of 40 °C. This indicates that very little of the comonomer — in this case, 1-

hexene — is present in the very low molecular weight fraction of the polymer which

elutes at very low temperatures. Hence, more of the comonomer is incorporated in the

higher molecular weight fractions, consistent with the characterization that these
polymers have a reverse comonomer distribution.

25
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Table IV. Polymerization Conditions and Polymer Properties of Examples 15-28.

Example 15 16 17 18 19
Example Type Comparative | Comparative Inventive Inventive Inventive
Sulfated Sulfated Sulfated Sulfated Sulfated
Activator-Support Alumina Alumina Alumina Alumina Alumina
Metallocene MET 2 MET 2 MET 1 MET 1 MET 1
Metallocene to
Reactor (ppm) 4.65 2.53 0.98 1.13 1.12
Autoclave Residence
Time(min) 26.2 26.2 28.9 28.6 28.7
Co-catalyst Type TIBA TIBA TIBA TIBA TIBA
Co-catalyst in reactor
(ppm) 71.3 83.9 40.2 42 42
Rx Temp (°F) 175.3 190.5 165.4 165.4 167.5
Ethylene (mol %) 13.4 14.18 11.59 11.80 11.77
1-hexene (mol%) 1.74 1.97 1.49 1.84 1.96
Hydrogen Feed Rate
(mlb/hr) 0.98 0.5 3 5 4.1
Ethylene Feed Rate
(Ib/hr) 49.5 34.5 36 36 36
1-Hexene Feed Rate
(Ib/hr) 5.75 0.37 3.64 4.5 5.2
Total Isobutane Flow
Rate (Ib/hr) 64.4 70.3 76 75.4 753
Solids Concentration.,
Wt. % 40.7 27.9 28.4 28.9 30.8
Polymer Production
(Ib/hr) 49.1 29.9 33.3 34 36.3
Density (pellets)
(g/cc) 0.9185 0.9368 0.9242 0.9225 0.9191
Density (fluff)
(g/cc) 09173 0.3946 0.9164 0.9228 0.9185
HLMI (pellets) 23.9 15.7 14.8 33 19.8
MI (pellets) 1.4 0.93 0.64 1.5 0.92
HLMI (fluff) 25.6 16.6 20.3 40.8 31.7
MI (fluff) 1.51 0.97 0.71 1.4 0.98
Mn/1000 (pellets) 54.24 56.3 40.93 31.22 37.89
Mw/1000 (pellets) 115.33 142.31 145.26 120.33 131.07
Mw/Mn (pellets) 2.13 2.53 3.55 3.85 3.46
ATREF Elution
Below 40 °C (wt %) -- -- -- -- --
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Table IV (continued).
Example 20 21 22 23 24
Example Type Inventive Inventive Inventive Inventive Inventive
Sulfated Sulfated Sulfated Sulfated Sulfated
Activator-Support Alumina Alumina Alumina Alumina Alumina
Metallocene MET 1 MET 1 MET 1 MET 1 MET 1
Metallocene to
Reactor (ppm) 1.09 0.94 0.96 1.01 1.06
Autoclave Residence
Time(min) 28.9 29.2 28.9 29.3 28.7
Co-catalyst Type TIBA TIBA TIBA TIBA TIBA
Co-catalyst in reactor
(ppm) 41.1 41.1 41.9 41.8 423
Rx Temp (°F) 165.4 165.4 166.8 167.6 165.8
Ethylene (mol %) 11.48 11.71 11.84 11.83 11.59
1-hexene (mol%) 1.94 1.97 1.96 1.97 2.13
Hydrogen Feed Rate
(mlb/hr) 5 5 4.3 4.1 4
Ethylene Feed Rate
(Ib/hr) 36 36 36 36 36
1-Hexene Feed Rate
(Ib/hr) 4.89 5 5.08 5.13 5.68
Total Isobutane Flow
Rate (Ib/hr) 75.4 75.5 75.6 75 75.6
Solids Concentration
Wt. % 29.7 29.1 27.8 29.7 29
Polymer Production
(Ib/hr) 35 343 329 34.9 344
Density (pellets)
(g/cc) 0.9214 0.9229 0.9206 0.9207 0.9207
Density (fluff)
(g/cc) 0.9185 0.9205 0.918 0.9183 0.915
HLMI (pellets) 37.19 38.61 26.31 21.46 21.46
MI (pellets) 1.52 1.58 1.15 0.92 0.93
HLMI (fluff) 45.7 44.2 27.8 25.1 23.5
MI (fluff) 1.67 1.61 1.06 1.01 0.94
Mn/1000 (pellets) 25.8 27.60 32.80 37.50 34.50
Mw/1000 (pellets) 110.9 108.8 120.2 125.9 125.6
Mw/Mn (pellets) 4.29 3.94 3.67 3.36 3.64
ATREF Elution
Below 40 °C (wt %) 0.8 0.8 0.7 0.4 0.7
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Table IV (continued).
Example 25 26 27 28
Example Type Inventive Inventive Inventive | Comparative
Sulfated Sulfated Sulfated Sulfated
Activator-Support Alumina Alumina Alumina Alumina
Metallocene MET 1 MET 1 MET 1 MET 3
Metallocene to
Reactor (ppm) 1.03 0.9 0.95 2.2
Autoclave Residence
Time(min) 28.9 21.6 21.4 20.4
Co-catalyst Type TIBA TIBA TIBA TIBA
Co-catalyst in reactor
(ppm) 41.5 40.7 36.2 41.1
Rx Temp (°F) 165.8 174.8 174.8 174.8
Ethylene (mol %) 11.74 9.8 10.24 13.1
1-hexene (mol%) 2.15 0.74 0.59 2.24
Hydrogen Feed Rate
(mlb/hr) 4 4.7 3 1.8
Ethylene Feed Rate
(Ib/hr) 36 30.1 30.1 31.7
1-Hexene Feed Rate
(Ib/hr) 5.64 1.7 0.87 5.04
Total Isobutane Flow
Rate (Ib/hr) 75.4 66.3 76.4 63.6
Solids Concentration
Wt. % 29.3 26.7 24.1 26.8
Polymer Production
(Ib/hr) 34.7 26.5 26.1 273
Density (pellets)
(g/cc) 0.9191 0.9360 0.9395 0.9369
Density (fluff)
(g/cc) 0.9153 0.935 0.9385 0.9358
HLMI (pellets) 21.56 -- -- -~
MI (pellets) 0.93 - -- --
HILMI (fluff) 23.6 134.4 64.7 123.7
MI (fluff) 0.89 5.85 3.02 6.25
Mn/1000 (pellets) 34.90 24.68 27.65 28.27
Mw/1000 (pellets) 124.6 86.77 101.67 80.41
Mw/Mn (pellets) 3.56 3.52 3.68 2.84
ATREF Elution
Below 40 °C (wt %) 0.6 0.6 - -
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COMPARATIVE EXAMPLES 29-32

Polymers produced using a Ziegler catalyst system

Comparative Examples 29-32 were produced in accordance with the following
procedure. To produce the Ziegler catalyst, grade 951 silica, obtained from W.R.
Grace, was activated by calcination in a fluidized bed at 600 °C for 3 hours. 20.92 g of
this calcined silica were then slurried at 25 °C in 60 mL of dry heptane. Next, 17.2 mL
of 1M dibutyl magnesium was added to the slurry, followed by the dropwise addition
of 3.8 mL of liquid TiCls. Subsequently, the heptane was decanted, followed by two
heptane washes. The catalyst was dried at 40° C under nitrogen. About 0.1 g of this
catalyst was then charged under nitrogen to a 2.2-L autoclave, equipped with a jacket
for temperature control and a marine stirrer operating at 400 rpm. After 1.2 L of
isobutane liquid were added, hydrogen was added, or not, as indicated in FIG. 13.
Hydrogen gas was added to the reactor at 25 °C from a 1-L pressurized storage
cylinder. The temperature was increased in the reactor to 90 °C and ethylene was
added at 550 psig, and continuously added to maintain that pressure during
polymerization. Thus, polymerizations were conducted at a temperature of 90 °C, a
pressure of 550 psig, and either in the presence of, or the absence of, hydrogen.
Polymerizations were stopped by venting after about 60 minutes.

FIG. 13 illustrates the molecular weight distribution of Comparative Examples
29-32 at hydrogen levels ranging from zero to 50 psig. The results of Comparative
Examples 29-32 indicated that the addition of hydrogen in the polymerization of

ethylene produces a polymer with a narrower molecular weight distribution.
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CLAIMS
We claim:
5 L An ethylene polymer having a melt index from about 0.1 to about 100 g/10 min;

a ratio of Mw/Mn from 3 to 6; a reverse comonomer distribution; less than about 0.05
long chain branches (LCB) per 1000 total carbon atoms; and less than 5% by weight of
the polymer eluted below a temperature of 40 °C in an ATREF test.

10 2. The polymer of claim 1, wherein the polymer has a density from 0.90 to 0.95

g/cm3 .

3. The polymer of claim 1, wherein the polymer has a density from 0.91 to 0.94
g/cm3 .

15
4. The polymer of claim 1, wherein the polymer has a weight-average molecular
weight (Mw) from 20,000 to 250,000 g/mol.

5. The polymer of claim 1, wherein a ratio of the number of short chain braﬁches

20  (SCB) per 1000 total carbon atoms of the polymer at a molecular weight of 10°° to the
number of SCB per 1000 total carbon atoms of the polymer at a molecular weight of
10* is greater than 1.

6. The polymer of claim 5, wherein the ratio is greater than 1.5.

25
7. The polymer of claim 1, wherein a ratio of the number of short chain branches
(SCB) per 1000 total carbon atoms of the polymer at D90 to the number of SCB per
1000 total carbon atoms of the polymer at D10 is less than 0.9.

30 8. The polymer of claim 1, wherein the melt index of the polymer is in a range

from 0.5 to 10 g/10 min.
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9. The polymer of claim 1, wherein the ratio of Mw/Mn of the polymer is in a

range from 3.2 to 4.5.

10.  The polymer of claim 1, wherein the polymer has less than 0.005 LCB per 1000

5  total carbon atoms.

11.  The polymer of claim 1, wherein less than about 1% by weight of the polymer
is eluted below a temperature of 40 °C in an ATREF test.

10 12.  Anarticle comprising the polymer of claim 1.

13.  An article comprising the polymer of claim 1, wherein the article is 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 fuel tank, a geomembrane, a
15 household container, a liner, a molded product, a medical device or material, a pipe, a

sheet or tape, or a toy.

14.  An olefin polymerization process, which comprises:
contacting a catalyst composition with an olefin monomer and at least one
20  olefin comonomer under polymerization conditions to produce an olefin polymer,
wherein the catalyst composition comprises a contact product of at least one
metallocene compound and at least one activator,

wherein the at least one metallocene compound has the formula:
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EXAMPLES 29- 32 Pol yners produced using a Ziegler catal yst system

5Conpar atwoeotmmmopbes 29- 32 were produced i n accor dance pairtus2aoemodsed | owi ng
procedure. To produce the Ziegler catal yst, grade 951 silica, obtained from
WR Gace, was activated by calcination in a fluidized bed at 600 C for 3
hours. 20.92 g of this calcing i were then slurried at 25 Cin 60 nL
of dry heptane. Next, 17.2 magnesi um was added to the
slurry, followed by the 5 3.8 nL of liquid TiCl4.
Subsequently, the heptane was deca foll owed by two heptane washes. The
catal yst was dried at 40 C yrder trogen.About 0.1 g of this catalyst was
t hen charged under nitrogen™t'¢™aE2. 2- Maut ocl ave, equi pped with a jacket

for tenperature control and ritv tirTXr operating at 400 rpm After
1.2 L of isobutane liquid wefe addef hydr ogen was added, or not, as
indicated in FIG 13. 15 Hydrogen was added to the reactor at 25 C from
a 1-L pressurized storage cylinder.”  The tenpgrature was increased in the
reactor to 90 C and et hyl ene was addgg 560 psi g, and conti nuously added
to maintain that pressure during pdRynerization. Thus, polynerizations were
conducted at a tenperature of 90 C, a [Ré8sure of 55QPynrej@Nd €ither in
the presence of, or the absence of, hydrogen. 20 Pol yneri zati ons were
stopped by venting after about 60 m nutes. FIG 13 illustrates the

nol ecul ar wei g ngﬁ§5&hgq?ion of Conparative Exanpl es 29-32 at hydrogen

| evel s ranging from’zeto td 50 psig. The results of Conparative Exanples
29- 32 i ndi cat e tshaleftenderalgtdi;t CloMrot; hetbiyloglemyl; it RHs;poBRARei $@8R6n of

et hyl eng producesaa pol yrer wth.a narrower nol.ecular i di stribution.
55" o S0 TuaH B e LT ot 6 a0 RS ARE B VE” th el e h{l ene
pol ymer hawidrgadyloride gravgex HydowablaninoOgrbu, @r ablodtocad@lsgyllgronp,ranya rati o
of Mw/ Mh f e conononer distribution; |ess than about

rom.3 to,6; a reyer !
0.05 | ong @h@%ﬁ“ﬁPQﬁgﬂﬁgo?ﬁéﬁﬁoﬁépnTOOO total carbon atoms; and |ess than
5% by wei ght OfE &lteor®) yner el uted bel ow a tenperature of 40 Cin an ATREF

test. 10 2. The pol yner of .clajm1, wherein the pol r_ has density from
0.90 to 0.95 nd § ?F?é“%’FﬁF@F‘Y B oty 9r a%}%ﬂéﬁlﬂfvf‘}%eupp@l 8PoNas a
densi t yp f r Q8me whbreliPatQea8ondG R and R? is an aryl group;

R** and R’® are independently H or a hydrocarbyl or hydrocarbylsilyl group

having up to 20 carbon atoms;
R* is an alkyl or alkenyl group having up to 10 carbon atoms; and
R** and R°® are independently H or a hydrocarbyl group having up to 12 carbon
15 atoms; and
wherein the polymerization process is conducted in the presence of hydrogen;

and the olefin polymer has a ratio of Mw/Mn from 3 to 6.

15.  The process of claim 14, wherein R' and R? are an aryl group having up to 12

20  carbon atoms.

16.  The process of claim 14, wherein R** and R*® independently are H or methyl.



15 4. The polymer of claim1, wherein the polyner has a weight-average

nol ecul ar weight (My) from 20,000 to 250,000 g/nol. 5. The pol yner of
claim1l1, wbeorw/so®wérati o of the nunber of short chai n bramaise@Idd6566CB) per
1000 total carbon atons of the polyneyz at a nol ecular weight of 105 5 to

t he nunber of SCB per 1000 total carbon atons of the polyner at a nol ecul ar
wei ght of 1704 iThe gprexatsest dldianl4l whefein Rhés piihgaratkenf]l gy mving wher&i n t he
ratio is ter than 1.5. 25 7. The polyner of claim1l, wherein a ratio of
t he nunber 26 “§kﬂpt chai n branches (SCB) per 1000 total carbon atoms of the
polymer at D90 to the nunmber of SCB per 1000 total carbon atons of the

polynmer at, D 1Q.is less than 0.9. 30_§, The polymer. of clagim], erein the
ol 3§ ndoxiSor (B PESFY REFBIS |t ierR et R g W L SR v
2010/ 080106PCT/ US2009/ 006564 70 9. The polymer of claim1l, wherein the
ratio of My Mh _of the palyper is in a range from3.2 to 4.5. 10. The
pol ymer ofl%l aiTﬁF ffocﬁﬁé’?éﬁgﬁnﬂﬁé"}ﬂﬂ‘?%r"t Kax opeustaliengAe ePmRAENG 88 per 1000
Stotal carbon atonms. 11. The polyner of claim1l, wherein | ess than about
1% by wei ght of the polymer is eluted below a tenperature of 40 Cin an
ATREF test. 1012. A & gonpri sing the polyne claiml. 13. An
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WO 2010/ 080106PCT/ US2009/ 006564 71 (1), wherein: M is Ti, Zr, or Hf; X
is independently F, d; Br; I; nethyl; phenyl; H BH4; OBRA2 or SO3RA, 5
wher ei n RMoi28102080 6Kyl or aryl group having up to 12 caPbhorusatomssseor a
hydr ocar byl oxi de group, a hydrocarbylam no group, or a hydrocarbyl silyl
group, any of which can have up to 20 carbon atons; Eis Cor Si;

RI and R2 28re Hhelpma@eﬁtclaymH4pwhalinahé<ydta19s"t campbsigérocymprazes ody ope t 0 12

carbon 10 wher ei n at ast 0 e of Rl and R2 is an aryl group;
R3A and Ré@f'ajpgél}eﬁaglﬁmel?ﬁviw% }hydrocarbyl or hydrocarbylsilyl group
having up to 20 car bon atons; R4 is an al kyl or al kenyl gr oup having up to
10 carbon nd, R513 are i ndependent H or a

to
hydr ocar by’ﬁ ;Tfﬂ]?) pﬁ%?ﬁ‘?sn%f gym 44 ‘ZQEQP gBh 24 deastopRe a%fh"&tor 15 ab AEASt 8Py t he
pol ymersi zati@forRupsoRssonprish@ntieGl ofide frehtB® with @8 @netorivitiidhagemionand t he

ol efin polyner has a ratio of MV M from3 to 6. 15. The process of
claim 14, Wis&%in R and R2 are an aryl group having up to 12 20 carbon
at ons. 16 the TRBIIPT HERSSs Oilical aldhihd, sWREH RIS Auaid: ospidependent | y

are Hor nethyl. WD 2010/ 080106PCT/ US2009/ 006564 72 17. The process of
cl ai m 14, hgkeielymgataiestitgnip; HEgpiaamREIRYE. brupr HB PHES WP ateixed £XiA%on at ons.

18. The prtﬁ)é;&gsorggy%%f@tﬂé}eofvmrel n R5A and R5B |ndependently are H or
t-butyl. 19. The process of claim 14, wherein the at |east one netallocene

corrpoulrﬁ)d is: WE W@P%WQMW@@QMQGMaWBﬂUOUdG chloride, bromide,
iodide, fluorosulfate, fluoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate,

fluorozirconate, or fluorotitanate, or any combination thereof.

22.  The process of claim 21, wherein the at least one activator-support further
15 comprises a metal or metal ion, and wherein the metal or metal ion is zinc, nickel,
vanadium, titanium, silver, copper, gallium, tin, tungsten, molybdenum, or zirconium,

or any combination thereof.

23. The process of claim 14, wherein the at least one activator is at least one
20  activator-support, and wherein the at least one activator-support is 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, or fluorided silica-clad alumina, or any combination

25  thereof.

24. The process of claim 14, wherein the at least one activator is at least one
activator-support comprising a clay mineral, a pillared clay, an exfoliated clay, an
exfoliated clay gelled into another oxide matrix, a layered silicate mineral, a non-
30 layered silicate mineral, a layered aluminosilicate mineral, or a non-layered

aluminosilicate mineral, or any combination thereof.



20. The process of claim 14, wherein the catal yst conposition conprises
only one netall ocene conpound having formula (1). 21. The process of claim
14, wher evo 20tvsatosl east one activator is at |east one Pattist@wonsssuppor t
conprising a solid oxide treated w thyan el ectron-w t hdraw ng anion,

wher ei n: the solid oxide is silica, alumna, silica-alumna, alum num
phosphat e,25het ahe pedcydswigdimtia, wherbianhacatayst compasitionayribai campliessiafl, or zi nc
oxi de, or a m xed oxide.thereof, agy 'xtugf t hereof; and 10t he

el ect r on- WFASheRCRRRANG2 4D ?an%"HP‘?g*t"é‘} Bt t‘ﬁﬁ"f‘ e, fluoride, chloride,

brom de, iodide, fluorosulfate, fluoroborate, phosphate, fl uorophosphate,
trifluoroacetate, triflate, fluorozjycopate, or fluorotitanate, or any
conbi nati on thereof. 22. The prd@ QmG?h@Fain121, wherein the at | east one
activatpr-gpppert further 15 conprises a netal or netal ion, and wherein
the metal or metal ion is zinc, nickel, vanadium titanium silver, copper,
gal lium tin, tudyshelocaiyilybdenum or zirconium or any conbination
thereof 23. TKE PLPARSIALH: 40laR16RidA a MR 6 ThyldhiBe;alhd| east one activator is
at | east one 20 activator-support, and wherein the at |east one

acti vat or - suppa® ts from { fdrindesiveal uni na, chl ori ded al umi na, broni ded

alum na, sulfated alum na, fluorided silica-alum na, chlorided
silica-alumna, bromded silica-alumna, sulfated silica-alumna, fluorided
si | i cal@i r¥oni dhe pricossiafethingi2i whergin theor least obe orgapeaduminiincamppyrdofi a,

sul fated sj.li i pa,. f i sili.ca-11i I or..f o] {lica-clad
al um na, J?h%ﬁgé%%%gghat?%%&%Q?ﬂgggbﬁhlgﬁpb#hgﬂgﬁgéeggno é@gﬁﬁp%h, wher ei n
the at | easiisobutglalotinunat or-nihsxydtlumagast, tormeociyleiupanua,- diigopetylaluwompni sing a
clay mneral,...a pil]lared cl an ext ol | I . an i at.ed. cl ay

el ed i 9 atGRup St ol THShIAMTR M@ P AL i Migfch
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20 28.  The process of claim 14, wherein a weight ratio of hydrogen to the olefin

monomer is in a range from about 50 ppm to about 10,000 ppm.

29. The process of claim 14, wherein the catalyst composition, the olefin monomer,
and the at least one olefin comonomer are contacted in a single reactor, and wherein the

25  single reactor is a gas phase reactor, a loop reactor, or a stirred tank reactor.
30.  The process of claim 14, wherein the olefin monomer is ethylene.

31.  The process of claim 14, wherein the at least one olefin comonomer is
30 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, or styrene, or mixtures thereof.
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ol efi nlqol ymer has a reverse cononomer distribution. 533. The process of
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