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WD 2005/ 082947 PCT/ US2005/ 001708 -1 DE- FOAM NG SPRAY

DRI ED CATALYST SLURRI ES BACKGROUND OF THE | NVENTI ON
wo-2@sas»di7t he | nvention 5 [0001] Enbodi nents oPCT/082005/001708

present invention generallyrelate to a spray dried

catalyst slurry. More particularly, enbodi nents of

the present invention relate to a spray died catal yst

slurry for gas phase ol efin-polynerization.

Description of the Related Art [0002] A nunber of

ﬁggfg?bﬁﬁg’zﬁlﬁﬁmgﬁ:’wl%@@e suprlJig?[tEed on

an inert carrier such as silica. Inpregnating a
BACKGRGWSD OF THEUINVENTION often been found to cause a
Srgnificant decrease In catalyst activity. In
Field eftillie Thoentiomar ge particles (>25 mcroneters) of the
support material have frequently been found in_the
[0001] fEm‘bgﬁm@npsmfythg Iprequttdaymmon Eeeerally slate dp @Sspp?ég,dned catalyst slurry.

vre LS PSPPSR 7 0010 eyt st

forgas%ﬁl’iaisb@leﬁﬁp@ﬁﬂﬁ@fzaﬁ@n defects or gels. 15 [0003]
pray-drying techni ques have been enpl oyed as an

alternative to &rfported particles. Once a catalyst
Descripdipnpfdhe Bg the spray dried catalyst is

000z] & 2 added t OB?QeW?%P}% ggéqo%g‘dglévegﬁg%la%ﬁs Ssta #al; ?rg‘g&lulre the catalyst

to be SIPPEESH Sirpdd iABrt Whririet Budhhe silieat Bhpi®pnaingrargatdlgst dasi supim\rehas often
t0 reduce the ampunt of slurry. A reductign.in th

been farnditn cayse gisignificant desrrsss 1 ?aéﬂgﬁcﬁcv‘élﬁ dh 285jenslatge peticles (>23

oGS rR BB P SLYREEs 3450 OB M sl

produd@ dTigdst petiictis seayr abdrsely atfﬁtmy pblyther Phojrisespahitliasrpeen observed in
process |st|rrel d can atI i ncr,e se capi t al

film a@blsqaﬂo’[lm Sﬂacaﬁ’ *ﬁ GPPRRS a8 SRiEEN OF ﬁ@?on
typically increases the sl urry vi scosity. A high

[0003] Sggfﬁsdr(}i?\igct@&ﬁﬁcﬁfeb PRy b&R dRFIbSAE 8 ah ARerdBMMo Qfpported particles.
Is typically generated b cool i ng

Once amatahgt fhos heani sprayofiriedh dhes prray deied eafalyst ) afded to A dg\hu@w to form a
catalyﬁtl,% ﬁ]\é S@q?ﬁclrcfa% cﬁ%%l g z@tlog rea%? rOan g&}l%gig?secd?ﬁ&ﬂﬁti%ﬂ within the

cataly'stnélﬁl@? i OdesRABID &@f&lucé ﬂﬁ&ﬁ‘]ouiﬁh@if duirg. A rdectontihehedooent of slurry
for a spray dried catalyst slurry that h
reducesigansagiaaiionapeRses.c Sniedpgtiongn R ApPEE LS f y elsgyregiuces the amount

SNl OOt o ok, i i

proceseEk gkl and qnepentiyrigeraasspapitel dosted cat al yst and a | ow
viscosity, |low foam spray dried

[0004] However, a high solids concentration typically increases the slurry viscosity. A high
solids concentration also increases the amount of foaming which is typically generated by
cooling gas during formation of the spray dried catalysts. A high slurry viscosity and foaming

often cause handling problems, storage problems as well as reactor injection problems.

[0005] There is a need, therefore, for a spray dried catalyst slurry that has an increased solids

content, a low viscosity, and a limited amount of foam.
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catal yst systemfor olefin polynerization are
provi ded. In one aspect, the nethod includes

w@eepsasiony a catal yst system conprising one or PODUS2005/001708
conponents selected fromthe group consisting of
nmet al | ocenes, non-netal |l ocenes, and activators, adding
mneral oil to the catalyst 5 systemto forma slurry,

and addi ng one _or_nore |iquid al kanes having three or
SUMMARY OF NV, o the slurry in an anount

suffici.ent to.reduce foamn Vi i t v, Of dried
o) AgPerhpd R reping S e el B PO Be o g sprey dri
catalyst s?gﬁtnp For Tl fin CRilthdtSdatiof lré pr@ddéd. Ofin tohe agwestypthe method includes

nsisting of netal] ocenes, non-netall ocene ,E%n%la the orou
preparing: @ntrtalusti eirstanh COBPIISINgnRR% OF OFE CORRRANGELS Seif-‘ﬁ effPPsthe group
. .. Spra i 3 tR8ineiinkrad68 to the catalyst
conS’Stmﬁiolﬁéa/eéﬁio&g gest’ gglsgr& ?n&@cgﬁégf %&B@%drﬂf,sai nél gtr']he cat al yst Y
system t& Y& Bshagl adeaddingnaeeor mgus tqail kdkeass having ghreq os anqse carbon
nore carpbon 10 atons .in an gno%gt suffuf|ent

atoms tortBelsbE! B ABONTKP RGBSR E oA e YSipighgs e starry- Tn

Fyr yhet fiRludel &reN oP RhordEEdtAdts @Bleted from the group
one aSp%#b@FHggég?g%gﬁggaspétt, tﬁeonethod pg§ ri ses )
consistinprefnactaligeencs abatystelleoeses rand sedombinationgherepty wherein the catalyst

system g%&enrd%lé&tf Ioﬂgﬁ §2§F}{§F %yépexﬁg q 810 iixllchtlc?es xtnth%rzﬁacsigl&%f ggrm a slurry

one or nore |1

comprisiﬁ%%ﬁ@%ét_aﬂ@i’ kyierh NdREoY ofRioge ligaidlaKanet Gieing ahteher more carbon

sfurry in an amount sufficient to redu?§¢ffan1ng and
atoms inAnsco®int yuidicienhte reduresfoaming angidsqosiy et GF SIURY- t he

slurry to a gas phase reactor. DETAILED DESCRI PTI ON OF

THE PREFERBED 03 iP oA, i 6k GsHedd, B4 method
[0002] F%’I};Eﬂ’ya glr?gl%gl forrgl\éﬁé}ga &%%dﬁ[e I ver ilng the slurry t?ea . )
compris@PbieERiing atdacalyst 30stemacteinl far elefin@wilyteetization.adding mineral oil to

aspect, the spray dried. catalyst slurry j
the catakyishaysigm & fomyp sfyhs laﬁg’c‘i‘ﬁeont?a‘%/ratp%t h%u)%ta g%]ﬁésg% Sﬁn&gn%er Of TOote

| i éimﬁé KANGSatheut NGiffidionn fohfedacd foatnisg wad odscosity of the

carbon %?gﬁgk gS SUBSTI TUTE SHEET (RULE 26) WO 2005/ 082947
slurry, aRCTaDSRO0GY DO $1POY to aPap pPhargdeddtn surprisingly found

that the one or nore liquid al kanes reduces the
viscosity of the slurry by at |east 30 percent, and
e3P DERLIR A5 f(ﬁ@'ﬂ FaE PREFERRED ¥MBODIMENT esul t  of
SAAVIERASIY EEVTs O FO- 0y da T €d vol atl |l e
[0003] X GRS AN GstisTREY add £metddion deliveringtthd slatry ts hpotymerization
wher eby this evolved gas forms a foam due to. the, L oil. at least
reactor anerpfracided.crsbumaspects the spray dyjadreeialyst siugyiagluggsgnineral oil, at leas

oncentratipn of the o ' tﬂb?n & foltweRve carbon atoms.

one Ca‘%ﬁﬁ??@?@e@‘?%neroerdﬁ%rg 1%@?@?%&%2’?{{%‘% of the slurry and

to reduce foam ng. In one aspect, the spray dried

catal yst slurry contains up to 20 percent by wei ght

of the one or nore liquid al kanes. | n another aspect,

the slurry contains up to 15 percent by weight of the

one or nore |iquid al kanes. In yet another aspect, the
slurry

SUBSTITUTE SHEET (RULE 26)
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contains up to 10 percent by weight of the one or nore
liquid al kanes. Preferably, the slurry 10 contains
whedsog4nbout 2 percent by wei ght and 15 per ceei/ub3005/001708
wei ght of the one or nore liguid alkanes. Mre
preferably, the slurry contains between about 2
percent by weight and 10 percent by weight of the one
It hasObeenmsueprisingly dowrldkihaethe dnd @i 230ré Higuibaikamrs redicen tiefviscosity of the

the components in th Iurr is_also controlled to
sturyy B i 0 i Do R GHocy e fandne. sffn SEBRAGS PpiFallfer tesult of
evolvé!i Lgaﬁ Yorrh3E b§1 Q A6 88 %Bﬁﬁleoéorﬁﬁ%eh{soéﬂddm’\i;’é;ﬁﬁﬁ§ wilt}§ the catalyst
slurry may contain up to 50 percent b

slurryt w@ec@wethlﬁﬁvow& gesforing adnam alepéwthe Sm‘fecestbmmcvryof the 011 slurry.
contains at |east 10 percent by weight of the catalyst

[0011]Syﬁ1 énfgéﬁ]cra%ggtr]c{ﬁ%«gl cO 5{2}% tsgjlf?letp% lgﬂl%léy igl C]ig‘)t{r]ct)lgegﬁlq:? er?r{iuc]e&he viscosity
of theytirrpand fieredasdaming. Mg dhkukpect, thOsiray Aseddatdlgasturidleontains up to
percent by MEIght of the catal yst system_ Preferably

20 pergrat 8y ayeightfihappg or mosnliguid leanas. Byangihegaspach the ey contains
up to ﬁ% eéé%e%b Bg/r v@f%ﬁg‘%{c’f ?%!r (rngef (():Ito I%?I;Flﬁiﬁ? %g%n%%%?%%%ﬁ%yaggect, the slurry
contamm whto 1(bpabmrtb}8®'exght oftite dng avengtetliquid blkenesc dtrafeyafly, the slurry

contalﬁéat@ e e%{ﬁ})for O yf Ye{gltg@g%él'w&}?e%eg{; abo Lht @g% ongyox more liquid

alkan@sf‘e Mbrer@fe@ermb@um AukFNEShtAhE bERRER ra%@lnyzl pdtind yNH8Ight and 10
olymerization conditions and relatively inert.

perce@b:me@hyoﬁm@moamoamhsuldm&au@m but are not limted
|sopent ane, 25 hexane and heptane. Preferably,

t r i .
o o BRSO S O e B B pgene o
amouhD oﬁ.ﬂfzoc&tal}m Ry $tOM Wﬁhlﬁdzﬁ’é slu&tyc fD@stof the @re&@ﬁbetcsf tﬁé)tl)iqmd alkane, the

centi poise (cP) at 25 one ﬁs pect, the spray dried
shurry gy (coRtpmsyR, o 50 Rereeny ws%ﬁ ethe eatalyshsysisnr. b onecspect, the slurry
t [
con‘[ai‘é—g> % 1}3%%?(}39 t&?g«f{lﬂ% %l ??gglté‘? tc%/tglg?tsg’;som. 3816 afibther - gspegt, the slurry
contaiaits @3€st L pymbmab‘botm@ht af flecdafalyfeystepr dy yet armﬂher aspect, the slurry

coni§ SULEL B S5t BRSSP0y S comtain

from B'@efRhe by wbight ¢ taBbSES elr'éefnlt’ H}awetgat Wi the ZQeh1yA system. More
conjunction with any suita pol ynmeri zati on

preferabbaltyes slurrEcentsinsriyom dl()mmeuntby wesieht 4 abgps 88 perrshtible weight of the
0 [
catal}}égtﬁ %grﬁl cgrgitrc():llg fg hgrgeﬁtobr}h gﬁgéﬁ éJ) %ﬁ?@% elg%nrﬂpo élf:lght of the catalyst
systel@onposi tions, Goup 5 or 6 netal imdo conpl exes,
bri dged bis(aryl am do) G oup 4 conpounds derivatives

5 th f d t t 0 T te
[0013] « :qgrgagi)r Jg1§a>£et ]é&b%gbrgglga%p% g?%ggpeég.@ lﬂﬁbe rl};ggl%n conditions

| e
o B A AP B SSAR  oE, ome

hexangremdtheptane. Preferably, the liquid alkane is hexane.

[0014] The spray dried catalyst slurry preferably has a viscosity of from 300 to 1,500
centipoise (cP), such as from 300 to 400 centipoise (cP) at 25°C. In one aspect, the spray dried
catalyst slurry has a viscosity of from 300 to 1,000 cP at 25°C. In another aspect, the spray
dried catalyst slurry has a viscosity of from 300 to 500 cP at 25°C. In yet another aspect, the
spray dried catalyst slurry has a viscosity of from 300 to 400 cP at 25°C.,
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"catalyst" is used interchangeably with the term

"catal yst conponent”, and includes any conpound or
w@eowsosmmt , or conbi nati on of compounds or conMPONER1085/001708

that is capable of increasing the rate of a chem cal

reacti on, such as the polynerization or

ol i gonerization of one 10 or nore olefins. As used

[0015]NEMheI Epray Nirledf eftapaeslutryPray Ot atifiadd én "donRiaBEon Gfith any suitable
El enents, the "new' nunbering schene faor the Periodic

polympzizpdorcedalyst. a Fsemplagy aslymerizatéorcratalygls dpefbde, dut are not limited to,

metal@%&?@ ngrr}éﬂg O% PB%(%B‘%% I n\ﬁgﬁ‘%&é ?}flﬁ? ﬁléancg:itg fn@?is compositions,

Grous § S &nmetal Anidb )cedlpdmctea,l bridged )b$si(a1y1aﬂﬁd@l Gltapst ccmilpbunds derivatives
h C|}‘j{ce Iocene 31 t conponent and at | east one
theregiogn 1INRDS e&%‘%ﬁonent. The mi xed catal yst system

15 may be described as a binetallic catalyst

[0016]C AHRQSrint HEtal s?stgiﬁb thayCRERIY Shy A0MBESHH dabdlystfh 4h5Q@Smbination as
herein, the errrs "bimetal | ic catal yst conposition'

descripad hemlmeqsawﬂl es eny atjeator ingtyuehanbipgtione gq1l?qdohﬁre1n. The term
catalggt:‘;ﬁrgs{edo%l n%%%ag%%ﬂbl? a\glﬂrlll r{ﬁ‘% lfgr?r? ‘JCMI 9# £9 é e(illlt’f f gnlrdeﬂl%ludes any

avi ng
comp@iifdipr cﬁh@oh@ftﬂ&r combination ol %ﬁipoﬁlﬁdﬁ@@ﬁ chm(pﬂnenw) dhat 1s capable of
‘multi-cataly i ncl ude any conposition, m xtur

increaging WaratR f 2 |0h@nwabgea@w sfchhasrtae aplﬁ'fr@rléﬁtforb%rt%gygneﬂzaﬂon of one
or m(?rg SOHRONARLS {%%ﬁlgllﬁsr%fe‘i’énc%qg I‘E:r‘foﬁlcs"fgﬁ@ e‘g}?é@{ aI’OF iEéements, the

terns "binmetallic cdtalyst conposit
“new’t atuabyishg Schemgl for tlreal?aiioﬁm Taidmﬁhsups aye usecaain the CRC Handbook of

Cheniiane 5 g Ligerg <R ereaisleq. oB0 " °

speci fi cal I y noted otherw se. Non-netall ocene

[0017/CaARAL 88ect, 2R ¢4 R]sy SRR ladhiked @A BE Slste@E 6MNA least one metallocene
component include, but are not linmted to, a G oup 15-

catalyishaprapeneny aah ehlepsit one mroymgtallscans rroanonar. cBieamjredwatalyst system
S r

may l?ree eg?lfl‘tgegl rr:%?ae]ilglse%% v\ﬁ?:ee{r%ael?%trbt%kng%ﬁ%l%?)y ? é‘l%&ﬁ%gtags%)y&nﬂ@smon. As used

hereig Othie dieniks € ‘banekallice caftﬁ)lgstd bmapbsagoﬂfb aad Ybimetaliioi e%ttaitlgﬁ” include any

comp[@ng];drggi%tgpl)%gs%}sqet V%ar nc %g\y%tgggl%rq a&geéjrg &tﬁtgl}fst components, each

havm% tal A V%%g% e tbﬁnsa“lﬁﬁﬂpéa%ﬂ?sﬁfcoﬂl RidR> ﬂn@eﬁl%ltl-catalyst”
rom one 05/ 082947 PCT/ US2005/ 001708 -

includeoany |dogmodisiopu ofixtubet ort byste@r dhyg ihcldesltwpd soramoree dﬁfer@lt catalyst

compﬁﬁ%{tg I(Hggaaté& anggiﬂ?e e irs,? L"E@eé'ﬁrg)ge %ﬁ%f‘q%gt%lﬁgic%%ail}%% composition,”
“blméiﬁ'llll@ddaf@ﬂt ” heitia M?’st]o% nfpRsiidhM A eALRI-yailyfRYill be collectively

i ncl ude, but is not limted to,
referred to herein as a “mixed catalyst system” unless specifically noted otherwise.

Non-metallocene Component

[0018] Exemplary non-metallocene component include, but are not limited to, a Group 15-
containing catalyst. “Group 15-containing catalysts”, as referred to herein, include Group 3 to
Group 12 metal complexes, wherein the metal is 2 to 4 coordinate and the coordinating moiety
or moieties include at least two Group 15 atoms, and up to four Group 15 atoms. In one

embodiment, the Group 15-containing catalyst is a complex of a Group 4 metal and from one
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5 G oup 4 imno-phenol conplexes, Goup 4 bis(an de)
conpl exes, and Group 4 pyridyl-amde conplexes that
wae@sagdiuve towards ol efin polynerization to aPgT/US2005/001708

extent. In another enbodinent,_ the G oup
15-contai ni ng catal yst may be ‘descri bed by the
followng forrmula (1): aafbygMXn (1) 10 [0020] Each X

to foulr $ighritid e penitian UheyGﬁcﬁipGDinedil iy sitedsal egerdinatsnd thy doordi@sting moiety
Cl to C12 al kyl s, to Cl2 alkenyls, C6 to Cl12

or MOjtigs glchéva&l@aefz@maml@yg%my| s, Cl to Cl12 al koxys, C6 to
Cl6 aryloxys, C7 to C18 al kyI aryl oxys, Cl to Cl12

[0019]f Iy 8fah b Prentihd Brdeb?l I-LoRAIARIDYdatalysEinalyGndde, but is not limited to,
het er oat om cont ai ni ng hydrocar bons hal 6genatéd C6 to

Groupcd &nmoyplmﬁylswraphxss; lﬁroup dtbis(aniige) vamplesss, ahd oD 4 pyridyl-amide

complsRe Bttt o Lef B T Bat @ et g ger bbodiment,

the GRMuPT5-doRtahin® c8taBaRt inla9 Bk Aescibed Biy Ak Hollowvih ﬁﬂnﬁﬁt(!f)d
fromGoup 3 to Goup 6 atons in yet a nore

particul ar enbodi nent; and selected fromN, C, Ti,
Zr and Hf in yet a nore particul ar enbodi rrent; and
sel ect ed froer in yet aqtore particul ar
enbodi ment. 20 [0 g%fﬁg%ch (3 an(cpn; are groups that
each conprise at |east one Goup 14 to Goup 16 atom

ovzo; e O RSB e BB A ohey ISR eD G g alkyls, G to

Ci alﬁ&rg’l@ @%tto O a#191E, i@)ec;{aglll@l&‘j& 2160 ALBLRI RO @'%6 arylé)xys Cs to

More particul ar d y are groups sel ect
leybarylorysa 11 4oa ek @uomll%s cOnttai Giznfuoroatytss| €; tar§isheteroatom-

contalgﬂ'%yﬁg%ﬁr;ogghlgaégg%% C(yf‘igct Cgﬁ gl%lﬁj (858 2:1 ggmﬁ%ﬁ gﬁgvatlves thereof.

enbodi nent; and selected from Group 14 and G oup

[0021]18 mmmeni firgin Gioupo3 &L Gradpky2 stonfsbintame Ghibodinéig; addselected from
to C18 al kﬁl aryls, and C4 to Cl12 g@gerocycllc
Groupy dp S8QFDHS ot dh aRer patirylanemaedimeshitinfselesied from Group 3 to

f: |
Grou;? g %{%ﬁ% 4 'thtoei3l 8‘[6&5 ?ﬁﬁﬁﬁ%ﬁ%ﬁ?@ﬂl@%d@%%?ﬁ% 38, @P tI? er and Hf in

yet aGRoreapartidudary embiodmsentCond celeti8d arday | Zr yhd Hfsin yetn@l n@re particular
0 C12 nitrogen containing heterocyclic hydrocarbons,
embodiment, o C12 al kyl substituted nitrogen containing
het er ocycl i ¢ hydrocarbons and chenically bonded

[0022]C‘Eé'&l Paintl qnsret frotupOihat Bachy@msris0it Ged2Bbhd Cdb@ 14 to Group 16 atom;
mbodi nent; and selected fromanilinyls, pyridyls

and Bqﬁwh%mﬁsgnt) And vlage groups bpodes) %%Mombﬂmns’J Yoh G $Foup 14 to

oo TR B SRR oy L T
pyridyls, quinolyls, pyrrolyls, pyrimdyls, purinyls,

[0023]i Nvlate pyitisularlyd@lantg; aré:grdups Sfected kypir@iavp ]shmslt(ﬁltoup éd-containing:
alkylsg;g}? :fg ygar}%%t %gd fhre errrc])cayrclilc Mrocérboxr | dglc%emqbu lllyqbo)xllded combinations
thereof in one embodiment; and selected from Group 14 and Group 15-containing: C,; to Cyp
alkyls, C¢ to Cyz aryls, Cg to Cys alkylaryls, and C4 to Ciz heterocyclic hydrocarbons, and
chemically bonded combinations thereof in a more particular embodiment; and selected from
Ci to Cyp alkylamines, C; to Cyo alkoxys, Cg to Cyg alkylarylamines, Cg to C;g alkylaryloxys,
and Cy4 to Cy nitrogen containing heterocyclic hydrocarbons, and C4 to Cj; alkyl substituted
nitrogen containing heterocyclic hydrocarbons and chemically bonded combinations thereof in

yet a more particular embodiment; and selected from anilinyls, pyridyls, quinolyls, pyrrolyls,



pyrimdyls, purinyls, imdazyls, indolyls, am ne
substituted anilinyls, pyridyls, quinolyls,

W@ooso8hs, pyrimdyls, purinyls, imdazyls, apdr/us2005/001708
i ndol yl's; hydroxy substituteg groups selected from
anilinyls, pyridyls, quinolyls, pyrrolyls, pyrimdyls,
purinyls, imdazyls, and indolyls; nethyl-substituted

pyrimjrtyds) yuaindytee Smidarglsc HadolgR] IG fooG¢l ex]ik;doxﬂb'sﬁmtddogﬁ)ups selected from
... thereof .in nor e partlcul r enbodi nen 024
anilinplg. HY%JYI%; alinphfs rRYTO8¥LS." BYHIBYY Ky PITiRY) Seﬂ%ﬂc{aﬁ lr&féﬁgﬂ' Cito Co
ese e h
alkylaglﬁf vﬂiby‘s/tl{sl?éﬁ%}gu?%rﬁlﬁgédabﬁggytaﬁglr@?sc B%ﬁiﬁg’aﬁg‘g}ﬁﬂyls pyrrolyls,
pyrimidyls puinryds; imbidazyls; oimdplyds amiGe osbstithitedo a@linyls, Pridylemquinolyls,

pyrro]gjsioiégrix%rlag%? gw%)r?qgl %ﬁ@t&%&%ﬁ?& lytélg,gh%ggg 51]1'€'stitt19ced groups selected
from aﬁmhylg u y?lﬁli;\/ls Qulhﬁlyl’s dpyv@lﬁ@t pﬁﬁhwglsn qugih?up 1m§ﬁkﬁ§t & indolyls;
from al g(i/ enes, enes al kenéq enes erocy clic

methydrsylséifd PQPIPGQNQHVBeﬁé%Ch%ﬁ@Wo nslerl copringtiong ghereof in yet a more

et eroat om cont ai ni ng al kenyl enes, and
partic a%é%‘@@c |g hydr ocar bonyl enes in one embodi nment; and
selected fromCl to Clo al kylenes, C2 to do
[0024] a Ekelny lisean diakingG ot ifbr(dlgzng”a mdlﬁyehat Wher pre§im, fdrvabhehtmical bond to

efhers, C6 to Cl2 O- N-contaj nin | enes, to
cach G aniwkﬂréweaw his fing ACHHY Pyl 2L aliendebs wgfto N o may also
compRstds Gréug €4 16 @rbﬁ(ﬁtl@é@(ﬁntvﬁﬁ&?ﬁfa 53 BoRided o BA %rou h the Group 14 to
particul’ar enbodi'nent; [0025] a"is an integer ron10

Groupt @6 Ztom insomwrs pm@pdmlemt, and moge rpertiwuppalyt iocisl ardivalent bridging group
selectgi%odl %ﬁpnesggﬁ%’ée%glﬁfsqﬂﬁ?lggeggy %9@&96@70{1% a%r e[n&ls Cagﬂﬂﬁrylenes heteroatom

contalhﬁIgGQEyleﬁés;) lﬁeﬂer@eﬁtoﬁ’l contdiging| dlkdnyePBE afdtheftrdoyBlic h?\dxloﬁarbonylenes
is 0 and is 2; and [00261 n is an integer fro
in on@embodmeﬁlt o @.lﬁsm Fram €1 @uaﬁlkﬂ‘?fl%sg &r2 tor om akangleges, Cs to Cia

arylen'fg,t 8@15@8{ ﬁ:lglg@ﬁé?ahélﬁ“&%rsa'?o% @ 0- %ﬁldNa&)n anltnﬁgo%;;%hgg C, to Cyp

a nore 5 cul'df ‘enbodi nen
alkylensaflinher@g mo C,¢ heyiewahliyesh and esdbsmnﬂadrrmnvamest thereeHiin yet a more
neans t({;at adj acent groups, ((3 and y groups) nay
particglar GnBodERical bond between them In one embodi nent,
the (3 and y groups are chemcally bonded through one

[0025]% 14TRH Ritcfed HOWPE té Nes & éiﬁi%i/\@%ﬂl 11[1 QQstd péﬁwkifa?@m'&@&i%éﬁt and ais 1
the terns "al kyl eneani nes" and "aryl enéani nes'

in yetcremord mtlaullay Fahpdiarent;anis @rl}nlt%nr fiem ( rte@pads iapdntpger from 1 to 2;
Whereﬁﬂi%ton%r dlﬂl eQESt ﬁ% £ g gagg @ gt hus forning

em ca tWo "adj~acéh roups, or
adj acent O and y groups. Thus an exanple of an
[0026] alnkly lag et gemfoms0 {cﬁHlZiﬁFdﬁN(eﬁih-&)dﬁh&ﬁt-lﬂnd aannteger feoraniptoe3 in a more
ef. eroc clic.h drocar? Igne WO 2005/ 082947 )
perticgler PHELY @8 integerdrom fp &R X/t HEoFespa mbodiment.

(dival ent pyridine). An "al kyl ene-arylamne" is a

[0027] 9ARURe S HER 1A S cherh 1RA11E ¥SHIR & ontbiridtichy (HepddINM R CIHAt adjacent groups,
(B and vy groups) may form a chemical bond between them. In one embodiment, the p and y

groups are chemically bonded through one or more o groups there between.

[0028] As used herein, the terms “alkyleneamines” and “aryleneamines” describe alkylamines
and arylamines (respectively) that are deficient by two hydrogens, thus forming chemical
bonds with two adjacent y groups, or adjacent p and vy groups. Thus, an example of an

alkyleneamine is —CH,CH,N(CH3)CH,CH,—, and an example of a heterocyclic hydrocarbylene
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[0029] In yet another enbodi ment, the G oup
15-contai ning catal yst may be represented by the
waregosames (11) and (I111): 55 RS Rl i R7 RBCT/UMGMNS/001708
R2 -Z-R 10 4 R [00301 (Il_g_ 15 R R7 *R /B I
R3/ Y\ /MXn Z R4/ \R6 20 [0031] (II1) [0032]
wherein E and Z are G oup 15 el enents independently
or arybetleamineds FCOHNH- (divdent pyritiing)h osphalkyiené-arydagine” is a group such as,

enbodi nent;  and nitr nin a nore particular

for examplselr Erglﬁ?HZ &L(rgfg‘sel ected from G oup 15 atons,
Group 16 atonB C}oup 15-containing 25

[0029) N Yl Slé’c(hﬁf)ﬁ’))éf @1’H€§dlﬁ1@ﬁlt LG ﬂ-ﬁc&ﬁﬁhﬁig@a&ﬁ’ys’c may be represented by the
hydf ocar byl enes in one enbodi nent; wherein g

structaries @tandH{@M):L is a Group 16 atom in yet a nor e
particul ar enbodi nent, when R3 is absent, L is
sel ect ed fron1heterocyc|ic hydrocarbylenes; and in yet
a nore particular enbodinment, L is selected from
ni trogen, phosphorous, anilinyls, pyridyls, quinolyls,
pyrrolyls, pyrimdyls, purinyls,gr¥m dazyls, indolyls;
Cl to C6 al kyl substituted groups selected from
anilinyls, pyridyls, quin hyls byls
pyrimdyls, purinyls, imd donIs Clto
C6 WD 2005/ 082947 PCT/ US2 5/00170 -8 al kyl am ne
substituted groupsRsérﬁft froma innyl s, pyridyls,

|yl |yl
qui nol yl's, pyrrolyls, Z RS
R4

[0030] (1)

R> R’

L, MX,,
R3 \z
/

R* RS

[0031] (1)

[0032] wherein E and Z are Group 15 elements independently selected from nitrogen and

phosphorus in one embodiment; and nitrogen in a more particular embodiment;

[0033] L is selected from Group 15 atoms, Group 16 atoms, Group 15-containing
hydrocarbylenes and a Group 16 containing hydrocarbylenes in one embodiment; wherein R? is
absent when L is a Group 16 atom; in yet a more particular embodiment, when R3 is absent, L
is selected from heterocyclic hydrocarbylenes; and in yet a more particular embodiment, L is
selected from nitrogen, phosphorous, anilinyls, pyridyls, quinolyls, pyrrolyls, pyrimidyls,
purinyls, imidazyls, indolyls; C; to Cs alkyl substituted groups selected from anilinyls,
pyridyls, quinolyls, pyrrolyls, pyrimidyls, purinyls, imidazyls, and indolyls; C; to Cg
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pyrimdyls, purinyls, imdazyls, indolyls; am ne
substituted anilinyls, pyridyls, quinolyls,
WEso8hs, pyrimdyls, purinyls, imdazyls, aPdI/us2005/001708
i ndol yl's; hydroxy substitutgd groups selected from
anilinyls, pyridyls, quinolyls, pyrrolyls, pyrimdyls,
purinyls, imdazyls, and indolyls; nethyl-substituted
alkylamiiee npbstituteé s graipb s téle¢aeé d fider | amdlinydes fynieyksof quiaolyls, pyrrolyls,
. .chemcally, bonded ,cophi nations thereof; . 0034 ' .
pyrimidyl, gurige mKasys. 1@@@155 ARSI %E%b[l%na@ha quinolyls,
I 1y1sd 15, NinA8%7y1€ Mdyadin ; athxSehRstitd s selected
pyrrolyl§y B2 pARyIL inASy 16 TRRCTBRLS: 158k BT

p 16 atons in a nofe particul ar _
from andliindsli pyeivdyls, apiholds,spsireclylsd pyriovdys.oppsnyds igdflazyds apg indolyls;

ey S ENG, Rl R oB B By S ERILIE g EAYf, onceo
combinEdns@dedZL’” |igands conprising the R* and R -R7

groups; 10 [0035] L and L' may or may not form a bond
with M [0036] is_an integer ranging from0O to

[0034] L\’,\,pfepplg,ctq[:ds from Gy 12 ratomsy GERPORAO a'],tcgn%lbag@np}‘c?uq é%sayc]ms in one
embodigz{egﬁséﬁﬁin %g%&gdfﬁ&ﬁ‘ Gt 5 taﬁd%g%%eﬁléata it ®URoft particular

nore particular enbo and sel ected _
embodifrieam aanl iarsdletfedi fitory egroapsmas elefiaed ibyul aaboratio dyetrenmord particular

J0038]. n.is_an,in .y angin 1%ro 1 to.4 in,one )
embodiingRasER "EALT S Lot GHEY OF SHEIRG 1 Pom Dep s e Bl and EZL
i ipiak tea# Md RNROPIJRRL; [0039] RL and R2 are
hgandsi@g%lggen%enet l'y: dival gfnt bri dgi ng groups sel ected from

al kyl enes, 20 aryl enes, heteroatom contai ni ng

[0035] & anyl|Lé meny, or eayerod serone bond #ithiMy aryl enes, substituted
al kyl enes, substituted aryl enes and substituted

bs ! Lt p% 3! b et BRI RS are absent);
[0036] P{el% %; 0 g«?tggfn?a?lgﬁg Eeq‘ogltl: t6 g%l 9f(lré‘%f)lleml‘?g ?? P’c%ﬁ,ﬁls %x’y gen, ni ?rlreoag g%n, )
ger mani um phosphorous, boron and sulfur in one

[0037] Bfiosilomed fromeGemtped th rGrouls wtonGr(Gmbikyd etosts, inGs maye particular
Cl2 aryl enes, .hetero * contai ning. t o, C2 .
embOd]é‘}%Iaéﬁé ecterhif A %ﬁ?@ﬁ@%ﬁ? HAF R@‘%&Bqlaf SmB%l%}aeP Al enes

in a nore particular enbodinment; and in yet a nore

[0038] Ra§ hih G RF ra%?%cﬂcﬁﬁ Ntto SEineie@hHodaRentChiZs an inddger ranging from 2 to
C(CH3) 2-, - H5) 2-, - CH2CH2-, - CH2CH2CH2- ,

3 in a m@ pa@iigylar embalipentis) 2-, - C6H10-, - C6H4-, and
substituted derivatives thereof, the substitutions

[0039] il hidigng at‘[% B{i%?%gﬁ‘ﬂll}gyl ald e dging 3RSupalseReRd from alkylenes,

radrcals; absent 1 n one enbodinent; a _
aryleneg) di¢persabrac centainimm aliyylenesar hatérogtoou peqntéiguhgo geylenes, substituted

alkylenrgﬁa,gs{yggﬁlitilw gllr}?}ggeg ; d%q%glgﬁg?c? E%sgoe %%ﬁ%ﬁiﬁg r:lﬁkayi1enrleg,gwherein the
heteroatom is selected from silicon, oxygen, nitrogen, germanium, phosphorous, boron and
sulfur in one embodiment; selected from C; to Cy alkylenes, Cg to Cy2 arylenes, heteroatom-
containing C; to Cy alkylenes and heteroatom-containing Cs to Cp» arylenes in a more
particular embodiment; and in yet a more particular embodiment selected from —CH,—, —
C(CH3)2—, —C(CgHs)—, —CH,CHy—, —CH,CH,CH,~, —Si(CH3)2—, —Si(CeHs)—, —CeHio—, —
CgHy—, and substituted derivatives thereof, the substitutions including C; to Cy alkyls, phenyl,

and halogen radicals;

[0040] R’ is absent in one embodiment; a group selected from hydrocarbyl groups, hydrogen

radical, halogen radicals, and heteroatom-containing groups in a more particular embodiment;
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WO 2005/ 082947 PCT/ US2005/ 001708 -9 and sel ected from
linear al kyls, cyclic alkyls, and branched al kyls
whaoosngpol7t o 20 carbon atons in yet a nore parCT/U81085/001708
enbodi nent; [0041] *R is absent in one enbodinent; a
group selected from hydrogen radical, Goup 14 atom
contai ni ng groups, hal ogen radicals, and a
and seldfue&deﬁrmﬂmﬁammmi aychigalylsyped brangledd akybs hevingdr toi 2udaslon atoms
nbod |man]| ég042 R4 and R5 are independently:
lnyﬂadmﬁﬁB?m§%aé9PB 1 al kyls, aryls, substituted aryls,
cyclic alkyls, substituted cyclic alkyls, cyclic
[0041) aRyﬂs abkrl Sn onbRetHoHIhER, & )b s@edtb@lfkom hyafden radical, Group 14
mul tiple rln% systens in one enbodi ment, each group
atom cordaining grpupso halgem Faskierlwmands helprpatseraRi@inize gF¥PLOn yet a more
b in a nore particular enbodi nent; sel ected
perticufEERRAARAT " 3 kyls, Cl to C20 aryls, Cl to C20
arylaugy and heteroaton}contalnlng groups (for
[0042] &%zl aﬂeOnﬁ%ndmﬂitbre ghous setecdd filony laﬂqy;bs), arylls,y sibstituted aryls,

nmb 43
cyclic gﬁﬁ’épéﬂ%}‘t@h&g %5%‘1@%@ yls :Tfpgftghgaaé'g]ﬁhﬁr? S 1t5 ¥1c arylalkyls and
multlplﬁ‘? ngc%gfén‘fsr b ¥AHOGER AT, a8Hch BrSu %r}@lvﬁl%eﬁb rt@@()céﬁrﬁan atoms, and

tom containing groups and 'hydrocCarbyls in a
betweendr md bé reaitonl eaomemb@dmmpamselaemmdﬁnm pélegsed from Cp to Cyo

ot 150y B TSNS BB sl 0o

PR;, wlfé%e R\§aREKBYroll) iaSsPLmakefartictiar emBodifehtiahd and/ or
and R5 may be associated with one another as

rou ,a chenical bond. [0045] Descrt?ldg %et nor e
[0043] ,B\ar R yindepeadetlyip abserioHt 2P| FEPRUMSNY sgropRs, sglgeted from

hydrog?r? @;El’ﬁdawalggcgl {a@%aﬁ?ﬂmﬁgﬂrogﬁﬂﬁl\r%ol A ‘ri]‘ﬁ% FfbuEE E\H&Bg('h%éarbyls in a more

particuldt 'emb3dinidni) selected 2Aborh IeaR&yckR6 and 5i'anched alkyls having from 1 to 20

carbon atoms in yet a more particular embodiment;

[0044] R! and R? may be associated with one another, and/or R* and R’ may be associated with

one another as through a chemical bond.

[0045] Described yet more particularly, the Group 15-containing catalyst can be described as
the embodiments shown in structures (IV), (V) and (VI) (where “N” is nitrogen):

_ ]
py|
LM
| N
RY 7 > gé
R’ .

[0046] Iv)
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R W[0046] (IV) WD 2005/082947 PCT/US2005/001708 -10
R3 R 0, OMX)n 5R51R-"N161 Rw [0047] (V)

wa002/0829® R N R -N M1X), R N 15 R3, w [004B(T/{%1005/001708
20 [0049] The structure (LY).represents pyridyl-an de
structures, structure (V) represents imno pheno
structures, and structure (VI) represents bis(am de)
structures; [0050] wis an integer from1l1l to 3, and 1
or 2 in a nore particular enbodinent, and 1 in yet a
nore particul ar enbodi nent; [00 Mis a Goup 3to
Goup 13 elenent, a Goup 3,to ?Er:l]oup 6 elenent in a
nmore particular | 25Re :

Rbodi M nd a G oup 4 el enent

in yet a nore particul g&e—gnbodi mgnt; and [0052] n is
an integer rangijng fr 6 and from1l to3in a
more particul ar ~
L M(X)y
5 I~
R R'—N
L
— — w
[0047) V)
_ Rz'—
R
ZEN
R‘_N\ | //M(X)n
R—N
b
L - w
[0048] VD

[0049] The structure (IV) represents pyridyl-amide structures, structure (V) represents imino-

phenol structures, and structure (VI) represents bis(amide) structures;

[0050] W is an integer from 1 to 3, and 1 or 2 in a more particular embodiment, and 1 in yet a

more particular embodiment;

[0051] M is a Group 3 to Group 13 element, a Group 3 to Group 6 element in a more particular

embodiment, and a Group 4 element in yet a more particular embodiment; and

[0052] n is an integer ranging from O to 4, and from 1 to 3 in a more particular embodiment,
and from 2 to 3 in yet a more particular embodiment, and 2 in yet a more particular

embodiment.
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and from2 to 3 in yet a nore particul ar enbodi nent,
and 2 in yet a nore particular enbodinent. WO
wWQe®50882047 PCT/ US2005/ 001708 -11 [0053] EachCHUB®05/001708
I ndependent |y sel ected from bal ogen ions, hydrides, Cl
to Cl2 alkyls, C to Cl12 alkenyls, C6 to Cl2 aryls,
C7 to C20 alkylaryls, Cl1L to C12 al koxys, C6 to Cl16
[0053] Bach XXy $ndeféndeatly Gdl8cted Iﬁyohahg/lbgmy'rsms,(hydriﬂeé;l@l to Cy; alkyls, C, to

Crn alkigsfio Fodt s S45nCarh RIRY R B o 5 ot oA dredb e el C o

Cig alk?l(])ag%l%ysr QY% & E‘dﬂlﬁiﬂ@eﬁk*g UCFC{o,d@ﬁ' Yﬁbfdé?ﬁst U}?rféof}lg heteroatom-

n structures R1'
containipg hydtogdrbons rhalvg@rmmbébtpl (en eylmy@, mi @b@@m d@vatwes thereof.
cont ai ni ng hydrocar byl enes in one enbodi nent, and

[0054] %el an d Q m%&%@ll tulfég dseeﬂ?%ﬁedl B5X }?}J?i?é aﬂ%ylenes agd heteroatom-

enes, I tut

conta1nﬁh|gi‘}$'tiirdcaﬂ$f$ena§ldl snthsiitodishead, aifdyﬁehn&&l ﬁrasm —Smhi—h altkylenes, arylenes,
enbodi nent ;. and Ic,el ected_ from.-

akeny Ry BaDstitgeq. Gligiones, JoBHUEd decryeess aadsObringed prviencs in
another%lnh%ﬁer I eE@teH(froﬁ 2S1§?b3é1' th l@eed‘ikﬁéﬂéseﬂg% C ar%fleneosé C;to Ce

I ment is selected from
substlttm&alkﬂemchndi@Gtto Clibstityled aryderes R anotRy empdimems' |
R6' and R* 10 are independently sel ect ed from

s an“%l%?ter% G Y B 6 RS PR SR RO SR ana R

are 1ndeﬁ$éﬁ§éﬂtﬁytﬂe%te@1frérﬁ h$a@dealds b €0 slkjas) Ct lttt e:qiz e(ﬁjlst G G125 alkylaryls,
substituted C6 to C18 al kyl ar

Cs to (éuﬁ/;suerqcmlecdhz&mwﬁi&wh@ﬂe@é&d@ 1m§}érléc§+%é§}11§edaﬁa to Cyp aryls,
substitué%ﬁ 'Edc% leg QF%%E}%T %ﬂp sﬁ‘c?sh a8 ey @9l hefér&‘if%hc hydrocarbyls and

i fren sent 'in a particular
chemicé&l B&id&ﬂmbmbafadonmthanaof Mmeentbodlmmm R*-N represents
15 a nitrogen cont ai ni ng group or ring such as a
rid up or itu

oosel % agheeriy € et FBBptmelth A9 AnGr An BB N represents

for BHpkukh s EQ]:b rify10HBE: oﬁ@réﬂibmtﬁfwrpy@ﬁbfl group that
amtrogn Cghlt o% anoct,rher 9 [ 0057 yI nyggnte l(Derrbodl ment of

is bnd@urbmhaﬂ?és G, I 6t heiher eubQUimFRe, 0 Sbiscises prdfhe R groups
20 et hyl 1- I 2- I
form o CBaldie5d o BR FHAIT) 2. S L G(G) 2, - O Phenyl ) 27-

-C(phenyl )= (wherein "=" represents two cheni cal
[0057] 1RRASE et éh e flstretures QDBBK V), nand @éro,t REuismelected from methylene,

enbodi rrent of structur R4 e cte
ethylerey bronylgRs: ZyPronyisng ﬁcﬁ%—% ﬂyr 12, Sf5E, S phenyD:-

phe he lik
’ —C(pl‘%:n#r @ W@g% ph er%)kesel%s hﬁ) u}%'rt%g%lgg EFM %n(% Ieolr g phe ny I,

2- bronDphenyI 2- et hyl - 4- chIor%P , Ny, Pr opy! - 4-
[0058] dhl ormptiari embodmnpmr)gtmcwr@m dph ei’ﬂd R are delected from 2-

et B GBS b Lt £ e tphens, >
fluoropireRylP " @P¥Hlorbphéry®r Opbestiydphedyli S Q~metiyy-H-chlorophenyl, 2-n-propyl-4-
chlorophenyl,  2-iso-propyl-4-chlorophenyl, 2-iso-butyl-4-chlorophenyl,  2-tert-butyl-4-
chlorophenyl, 2-methyl-4-fluorophenyl, 2-n-propyl-4-fluorophenyl, 2-iso-propyl-4-
fluorophenyl, 2-iso-butyl-4-fluorophenyl, 2-tert-butyl-4-fluorophenyl, 2-methyl-4-
bromophenyl,  2-n-propyl-4-bromophenyl,  2-iso-propyl-4-bromophenyl, 2-iso-butyl-4-
bromophenyl, 2-tert-butyl-4-bromophenyl, and the like.
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fl uorophenyl, 2-iso-butyl-4-fluorophenyl,
2-tert-butyl-4-fluorophenyl, 2-nethyl-4- bronophenyl,
WQ200508109p% | - 4- br onophenyl, 2-i so- propyl - 4- br onp@EHER005/001708
2-is0-butyl -4- bronophenyls.
2-tert-butyl -4-bronophenyl, and the |ike. WO
2005/ 082947 PCT/ US2005/ 001708 -12 [0059] In yet
[0059] Ingett h@thqrapatrtmuaracmbmammmmtcwcs @Huaws (VI)Y)R*armd R are

selected orH)Z’-mSRSxS}; p%ﬁt@ﬂ??—n—}%gsgp nggp}%éﬁﬂpﬁennﬁt 5' ¥sopbut}r21¥>ilenyl 2-tert-

butylpheylj S Q-futryppagny! 2- cﬂlok@hbnylbUQ/JbPJ}ﬁMenyl 4-methylphenyl, 4-n-
2-fl uorophen 2-chloro bronop henyl

propylphenyie ¢Hi§e-prospiphenyl, A-lswggmgmehy ﬂ-teﬂlhui‘bdplpﬁ%byﬂﬁ]wmhenyl 4-

corop SR RAMRIET N s BN RS CLHSLSRIR. i
butylpheﬁ‘yl{] @t&gpblhtlphtﬁglyﬁ &tﬁﬂgs?phé?fﬂ),yl lﬁluhmtbpheﬁlyl Sg’r bromophenyl 2,6-
. u yi, - r en oropnen

dimethy ki il w?pytl eaylo ﬁé%«hgﬁgrmyow Bhesly %Idﬁw%’ﬁﬁ’&heﬂyl 2,6-di-

tert-butyléhély@' - > HERL RIS miﬂo_if l°pyb%hﬁgf/cjmo;glenyl 2,4,6-

di"-’i sobut yl Pheny > 2>6 - te fy pheny
trimethylpheyi X,4 Gﬁnﬂ}apl@pylphenad 62 él,ﬁdhl-lqupbpyiphenyl 2.4,6-tri-iso-butylphenyl,

2,4 6—&1-%11%%19%11%'02 bffm%g?@gnyb rjﬁfﬂgét {Rg:hf) S}g}/eﬂyb p%,|4pqq-gmq>mophenyl

2,3,4,5, 6.§>eﬂtaﬁu¢rbphdxﬁp 2b3m>5 Ph&fathlorophenyl, 2,3,4,5,6-pentabromophenyl, and the
tri-tert-butylphenyl, 2,4, 6-trifl uorophenyl,

like. 2,4-,6-trichl orophenyl, 2, 4 6- trlbronDphenyI
2,3, 4 5, 6- pentafluorophenyl

[0060] I@a@ﬁlﬁér%mr@oggﬂ%rggyo%etﬂﬁggﬁl) é\é) taﬁd (VHj )F i$ mdefaﬁ%ig&ly selected

from flubmdeq nadddrite, é:mlnmﬂerr&mﬁthﬂf e’&hyl uphengs beh¥fl, pheMloxynbenzloxy, 2-

phenyl-2—%$@y%ioﬁﬁyﬂ-%? g?&e}zg ﬁ%q:ny? %Woxypél ﬂl}tllﬁg{ﬁtbgy and the like.

phenyl oxy, benzl oxy, 2- phenyl -2-propoxy,
[0061] Ai‘dﬁ&? Mﬂemz"ﬁh&ﬁ%hly béndgdeébhﬁbliraﬁéﬁéf’xl‘ﬁeans that adjacent groups may
g -butoxy and the |ike. [006 As ed
form a Ch@n@aln nd:h@th@lalthﬁ}n Bbwd Edmaie s ﬁagusarﬂtgm reethﬁzs sathrgted, partially
1anunn%gk§%&%%m%rouDs may 15 form a chem cal bond between
em us ' formng a ring system either saturated,
partially wunsaturated, or aromatic. [0062]
[0062] Nbihinliting teixmgplex arfpiheSGmfupt Itec&Gntaining Scatadyst adrai rapresented by the

ys repy. §ented by the structures (Vlla) -
S‘fmct“fes((\a)}lf%) (%H%b(r%@e“ﬁr | $0{1%eBhen) : 20 25 WO 2005/ 082947
PCT/ US2005/ 001708 -13- R4 R3 Rs R2




\ RL RL1INM(XYn5NR6 RLo\ / R7T RO R8 10

[00631 (Mla) VI \ RI / 1R RIRR 15 NN
wWORNSH32M4Mi)Nn NN R4I RS R3 20 R6 R4/ \ | [POBYS2005/001708
(VIlb) (Vi) 25 WD 2005/{$82947 PCT/ US2005/001708 14
4RL RR3 NO N2 R5M~-(X)n [0065] (VIId) Ri
RERAR /~R3 10 2 R2

rR* R3
\ R

N
R! 1————N——/M (X),
N R®
R! O,Q—R7
[0063] | (Vlla)

[0064] (VIIb) (VIIc)
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[0065]

[0066]

[0067]

M(X)n [0066] (MIle) 15 RR RL 20 O RM 6/ i Nn
R-NO 25 R3 R4 [0067] (VIIf) WD 2005/ 082947

wWEANSSR@05/ 001708 15 )0681 In structures (VIPed/Us2005/001708

through (MIf) Mis selegagd from Goup 4 atons in one
nbodi nrent; and Mis selected fromZr and Hf in a nore
particul ar enbodi nent; D0O69] n is an integer ranging
fromO to 4, and from2 o 3 in a nore particular
enbodi nent ; R1 through R11 in structures
(VIla) throu Serected from hydri de,

fluorine cal, brom ne radical,
nmet hyl , ethyl, opyl, n-butyl, isobutyl,
ert-butyl henyl/. ch X is independently

sel ected from halkogen i or%, hydrides, ClL to Cl12

al kyls, C2 to CIg/alkenyls, C6 to Cl2 aryls, C7 to
C20 al kyl aryl s, to Cl2 al koxys, C6 to Cl6 aryl oxys,
C7 to 10 C18 al kyl a¥),oxys, Cl to Cl2 fluoroal kyl s,
C6 to C12 fluoroaryls, Cl to Cl2 heteroatom cont ai ni ng
hydr ocar bons, hal ogenated C6 to C16 ar {YBdys, and
substituted derivatives thereof. preferably, at |east
one X is a hal ogentated aryl oxy group or a derivative
thereof. More )referably, at least one Xis a

pent af | uor ophenoxy group. netall ocene Catal yst

Conponent - Rl R° R* ; R!
R
/> \
N N
M\
Xn
(Vlle)
R2
Rl
\ 0O
R*—N l
~
i f O
70
R3
R4

(VIID)
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15 [ 00721 Exenpl ary netal |l ocene catal yst conponents
i nclude, but are not limted to, "half sandw ch" and
wO taslos®andwi ch™ conpounds havi ng one or nore EpI/US2005/001708
| i gands (cycl opentadi enyl. and |igands isolobal to
cycl opent adi enyl ) bound to at |east one Goup 3 to
G oup 12 netal atom and one or nore | eaving group(s)
)068] In ﬁﬁi&ﬂﬁlﬁ Qvilg tﬁfougﬁa?\f’llf) | rf?ts% lec@HOFom&IBH a4 L@6ms in one
hese conpounds W Il bé referred to as "netall ocenes”
mbodlmemraﬁdr}énmdl@wh@oma&ramﬂf ie o mpunpartigular robodioest The Cp
| i gands are one or nore rings or rlng systen(s), at
. | east a Ay c
w060y is gidfeg BFLPEANER L0 S5E A 3 B P e B Rtiment
nd anal ogues. The ring(s) or ring systen(s) typlcally
conprise atons selected fromthe group consisting of

o 1 SRR b RS e R REELbEHh L iy i

adical, chléllt}ffe FHaRap lﬁ?&ﬂﬁiesttaﬂi'&gl HettGAr BB, nPrddyl) gi@ébrogﬁ%ﬁ%tyl isobutyl,

i con, pho$phorous,” gef mani um oron and
ert-butyl aladplmnyum and conbi nati ons thereof, wherein carbon
makes up at | east 50% of the ring menbers. Even nore

ticularl th . ! ed
oo a3 oL SsRE G, BeGRs LUHRREER 35S 1008, 64 TS, € o
Cia alkenyl@)l@}; fpeptaafse0yto Clglindayrng, td @@rH]EOX}spC@hﬁCmt emyloxys Csto
i@iopentadlenyl non- Ilnltlgg exanpl e é; ;
C18 alkylalry yed€1cipe Cophosrallen | Cs 19 deiyHluorppsy o G gheteroatom-

t I
o B AESRH Sy A0 BTy plmamnte st

’refexably,CgtC]e@ﬂmhaKhmnaﬂmmgentetpﬂ aryhoaye rgrdup benzieriiatiye thereof. More

oreny . oct ah uor en WO 2005/ 082947
_Jreferably, (?(ﬂe?&%fj opée I% ‘W at et r aenyl |
cyclopentacyclododecene, phenanthrindenyl,

Vietallocen ¢a o wRay! ., 9- phenylfluor enyl
cycropeni[a acenaphth | eny| g benzofl ore%y

0072 Exqmmlemmta@lncg}eamtmyetn éomP(Pﬂeé\iﬁh@ﬁB%dﬁd Hijare not limited” td, “half

>andw1ch”t(aglldw‘%m3 %gkxg&g %sdgagr?%gﬁ gﬁfﬁ%ks Cﬁ'r_l%ahﬁsefc%@fopentadwnyl

and ligands Ufigbbdl @b %gicl\bpér&adlatwll bmlmlofo z(tdsaaﬂwerﬁiﬂwﬂ 3 tD fﬁmcmqo 12 metal
detail below, and ter | ic versions thereo
atom, and [ope P4 MR e ErPGIPoRRS §F T IFER: SE BB 0Bt aF’;?&etmaﬁer
these com&%ﬁ@ﬁﬂfjbe %?er?&lst‘é als PREt1BEQMINQU I dtd B cebP @Bt GatipdRents™.
alns, may be selected fromthe group conS|st|ng
of Groups 3 through 12 atons and | ant hani de G ou
[0073] Thaﬂmgands @Fee OBYYIO0 ANQTE HINES AN dingesyStorde), ff dinst hé’O&i‘% pf which

e

ring(s) or ﬁ@@s&hi(%y@fcalﬁi corﬁpmseZ\ltomHelec‘téd iy tHeagrolvh colestingenf Groups

and Ni in t a no ticul.ar
13 10 16 atomsomIBA papIE 464 Bom Mgk 1g B oD SBRAISGHT Agogrd from
|
the group Qo ngﬁ%ﬁxrgeof éal‘%eg, ﬁn@%&{%)&y@ }_x'g'osﬂy rrs%}ﬂrfa{/ g)thﬁgﬁﬂr%&ié @ermanium,
boron and pdurhinanl &rd exbisidaties tthereefnwhrein perhen makpppp at least 50% of the

ring mem r.t ‘?eglltrgaseenbodl %I}Fyr:%he 5}? ﬁgand(sq%ltre' gerl’ec%écﬁfrgmotﬁe %{B%p consisting
of substitated and unsubstituted cyclopentadienyl ligands and ligands isolobal to
cyclopentadienyl, non-limiting examples of which include cyclopentadienyl, indenyl, fluorenyl
and other structures. Further non-limiting examples of such ligands include cyclopentadienyl,

cyclopentaphenanthreneyl, indenyl,  benzindenyl,  fluorenyl,  octahydrofluorenyl,
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range fromO to +7 in one enbodinent; and in a nore
particul ar enbodinment, is +1, +2, +3, +4 or +5; and

WO n00pe82937 nore particul ar enbodi ment is +2, +3POF/US2005/001708
The groups bound the netaj,_atom "M are such that the
conmpounds descri bed below 1 n the fornulas and
structures are 15 neutral, unless otherw se indicated.

vyclooctataﬂ&n@l} |¢}®Mﬁéﬁﬁ1}:yél@ddﬂeaénel eabhtnmfieiieyt cal4- bémdﬂmﬁaﬂyl 9-
nmetal atomMto formthe "netal] ocene cataly

Phenylﬂu@ éli&fﬂo un&*H-cypleragial acga%@éhséwl,d | Stirenzoarenhe ®indenof1,2-
9] anthrene% %ﬁi\ébﬁ&og{cﬁ#ﬂ; Iﬂgﬁé&{égoﬂgor% 1 @ﬁ%@%&%ﬁfed%ﬁﬂﬁﬂ kb 8Y £RAL4,5,6,7-

are no y susce
tetrahydromdeﬁy]l tart i“HilhdDs tsubstitiled vezsions olmeseof] (38 78dsctibedome more detail

as ect he one 9 %{ee net al | ocene cat al yst
below), gvgySéoqsééqrg nted by the 20 fornula (11):

[0076] CpACPBMX, (VII1) [0077] wherein Mis as

[0074] THASS&GA! REH “AIPOyLhe wnloxemesca@ilﬁsvcaa@bun@@m dedribed Moughout the
. each Cp group is cheni cal lé nded toM and nis 0O
specification a@d qlmn@gewyfbeosﬁleptqdofrmn p@ren prawisting of LHrpypsy3 through 12

atoms an s ggc %é‘au%gto%ggg g%g‘)ogdirrge%;%%nr?& %cﬂ(s{l/?fbﬁ?ﬁlﬁa%/m%% consisting

of GroupsI Blehzsagﬂ’e 10ratéhhd fred endre paxmhkap emﬂoadhh’x&:lny,lanﬂisghntéd foom the group

consistingch” i iy Vo oWt e Mk 165 B B Okrf g1t Horsnd NigByet a more

t
s Sy A B S A

yet a mor€piitianler bmbeqhﬁrwe rant p 18ele tfatbrhs oryvet henaye mmncular embodlment

w2 ST ST oS AR g o 2
range froﬂ?fﬂo“la}t VR e‘ﬁ{bo@ﬁﬁéht ad&ﬁ%%oﬂe@%@%ﬁibbﬁlm@mqh +0pA0, +3, +4

d CpB of formula \/I [1) may be unsubstituted or
or +3; an@ MbS’QtI a moesipaicelar amborimv@nbxs J’t?@ﬁ‘ﬁlqii ath obheogroups bound the metal

atom “M’i %gSt Icﬁluglﬁ{ tt%r gﬁ% unﬂs 'Hgg}:r be W i )&?enfg %l](a? nd structures are

as use |n structure

neutral, uhl&@d @tﬁ@rvﬁy@frﬁgﬁ&d[ alCheCG}i Hgan’ﬂl(% Ybisy atlekst oye sheraickl}fm‘cyidsylﬂl the
C cIoaIk aryl s, 1y aroyl s ﬁh ?/ &

metal atomy M 5ty an 198 HyHENGRE cHabE apavias The byl distinct from

the leaV1rgné%g¥sc Pé\gﬂflf' c%faY sP %Mﬁ?&lﬂﬁf‘ﬂ that H@S/ RARY Bighi$! slﬁ)é&e‘ptlble to

yl oxys, acyl am nos,
subst1tut1at/ai;sltmﬁmasmactmm corrbl nati ons thereof. [0080] More

particular non-limting exanpl es of al kyl substituents

[0075) Ineqqqfﬂséggcb,? E}g;jﬂn\émo% ISR(%’? ! n‘gaéﬁ) yIF q)%%l &C oi’ﬁ%%ﬁ?rg% élE}%/JePresented by the

formula (Fycl ohexyl, benzyl, 10 phenyl, rret hyl phenyl , and
tert but yl phenyl groups and the i ke, incl udi ng all

i somers, for exanple tertiary-butyl, isopropyl,
[0076] CBer’ Mgnl i ke. O/HBr possible radicals include

substituted alkyls and aryls such as, for exanple,

[0077] whéR OB 8 ¥kscrivela86¥d) ¥hon Riik Eh’éxﬁi@&l‘fsybande@ dop:axh Cp group is
chemically bonded to M; and n is 0 or an integer from 1 to 4, and either 1 or 2 in a particular

embodiment.

[0078] The ligands represented by Cp” and Cp® in formula (VIII) may be the same or different
cyclopentadienyl ligands or ligands isolobal to cyclopentadienyl, either or both of which may

contain heteroatoms and either or both of which may be substituted by a group R. In one
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br onohexyl, chl orobenzyl and hydrocarbyl substituted
organonetal loid radicals including trinethylsilyl,

wo eiosesteyt gernmyl , nethyl diethylsilyl and the |PREUSZNH001708
hal ocar byl - substituted ocganonetalloid radicals
including tris(trifluoromethyl)silyl,
nethylbls(dlfluoronethyI)S|IyI, 15
embodlmentm@p hendli Gt v edenghdently tstlected komanke group consisting of

cyelopepisalegy hiffES . SO URET  Dvese o Syt Pl bR 8ach,

i ncl udi ng d| nmet hyl am ne, di net hyl phosphi ne,
[0079] HidRpeiaehay sach Cie bhy Cphen ydrpfuts I eayGeanpulidituted or substituted

radi cal s 1 ncludin met hoxy, ethox r QpPOX
with anyeqrieyersedneh wigeicane %’bPFW%IEII STP%R_S Rop e il %/W&ﬂ?sso@’u*bsumem
groups OIF Jrsugfe ohef bBSurRUaR) gst | Rbodd Mdi&hs, tagkyls alkenyls, alkynyls,

i nical'ly unsat urat e tlents incl udi ng vinyl
cycloalRfls} edyis, eyBy aiolytsaraﬂ&xysﬁ oarybxasrpdlkylﬂn@i&t diajltylamines, alkylamidos,

alkoxy@ﬁ%’dfenyl onéiﬁalggég( & I’F?yg%olﬁ%ﬁe ?r\‘/?g doagF%tl Srhameyls, acyloxys,

Sy A RBhs tHRfRf) oi ned to forma ring
ewﬂam%%@&%?ﬁ" ]ﬁEV|ng frén13 %o 30 atons selected fromthe

group consisting of carbon, n|tro%§ ) i
[(0080] Pliers padticules, nosiliniigon exeyeplenAf Ayl &t muﬁ%rfﬁq BeSPeiAted eth formula

0 053, R L o), P LU ey, en

phenyl Z@eth9lphBeylcheneittbubfiphddB gx]ouﬁarkd ﬂﬁelllke;‘ mchndir@ e(ll\/fhbllr ysomers, for

Isin endently selected fro e fol
example g {ary Ryt eBoPes a6 s Bk LQher ppgpit raﬁgala%ﬁ% gubstituted

1 [ uoetfll, (d@fIdethyl, iod 1
alkyls 9?% ¥l€; ;J(Eg %@ Sfe:lg%aljh eoc)%glg?drﬁé’th 03ﬂ 0 H;T?]lkyl A ogl(y S10 opropyl,
bromolekyl, ocldbéhayb randl kydrscarlga subsigued btgammgtﬁyplgl radisglscipeluding

tr1meth§/§;g)1§tl Ztggx?e&]g}tlg%ho a{nleﬁggcl {’}ib’n]g’&g %bcg %%4?1% afd Cilalocarbyl substituted
organoﬁfé&(ug% QQ&éQQ llﬁaﬁdmg 1%s§thﬁﬁ@@fnemy1)aﬂym rr@etﬁjﬂbts(cﬁﬂh@bmethyl)sﬂyl

I ment; hydride ogen ions to al ky

2
bromomethgmlmathwwhgl a@d the dikg; qm@whq;ujhs‘gtuteél ‘t{og)orwadlcals mcluding

dlmeth&orq%%%e)éa[ni@? Adog JPS {ﬁYtéd C%% ]{)015%@ uor Ic%d?ﬂéoﬁﬂﬁethylamme

dlmeth?: fﬂﬁﬂ h}ﬂﬁﬁ@ Odiphéiydsmin€d rﬁdﬂh}@ﬂl&n&lmb qﬂnﬂm x@tatped 6 @dicatso including

| | b | at | k
el ot L SIR8. i aioens R
1nclude e¥ gg a@c}f‘%r Bt ABE fitnfidd ?t?] Fﬁﬁﬁgﬂﬂﬁﬁ%turﬁ‘ﬁég lsbBituents including vinyl-

uori de, phenoxy
tenmnbtedl Zl@g@ﬁdst fmyéxanfﬂlmdirbutemﬁy |25‘prapﬂ11yf | ﬁr(hpxggtyé rﬁy’jdsthenh]?@t In one
nore partic Cl to C12 al
embod@gggntapméﬁ%tglolﬁ:@rqqgs,m %eg’é R groups igyge gl d%merﬁzaxte%01ned to

%%5 e Dafihe N3 20 8D kYdrSs seiedbsd frbmttRe @1 td@nﬁéﬁhg of carbon,
form a gth}surbstal t%t ed C7Ot 0 C20S Z\I kyl aryl s arg1d (1%1

nitrogdmne t @ryga,o phesphomius ﬁ@lcgm,kgerglan@ln,t alugypum, boron ang com inations

thereoﬁ :%‘ESPS g%ﬁ?ﬁt@ﬁ# g%oﬁlp qué ysI ok Q?l %:llltaiﬁgl %&g form a bonding association

to the B8mbhioMl, ar emnbodi rrent chl ori de fluoride, Cl to C6
al kyls, C2 to C6 alkenyls, C7 to C18 al kyl aryl s,

[0081] h]%;c%g}%qgtfglgmu z ({1 ?II)Cg igllekp}élngentllgfasle?e%%ﬁaftrc?rg ‘c1(1:e2 following: halogen ions,
hydrides, C; to Cy2 alkyls, C, to Cyy alkenyls, Cs to Cyz aryls, C7 to Cyp alkylaryls, C, to Crz
alkoxys, Cs to Cj¢ aryloxys, C7 to Cis alkylaryloxys, C; to Ciz fluoroalkyls, C¢ to Ciz

fluoroaryls, and C; to Cj, heteroatom-containing hydrocarbons and substituted derivatives
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10 to C6 al kenyls, and hal ogenated C7 to C18
al kylaryls in yet a nore particul ar enbodi nent;
wo baossde7 net hyl, ethyl, propyl, phenyl, net hp¢posIvg$901708
di met hyl phenyl, tinmethyl pbggyl, fluoronethyls (nono-,
di- and trifluoronethyls) and fluorophenyls (nono-,
di-, tri-, tetra- and pentafluorophenyls) in yet a
thereof AMraemogs partichilar embbdhhaml:nhydr{d@ﬁﬁﬂbgm hms ﬁo e I(Esmlkyln,ng to Cg

ke SRR 01548 QBT SSH  y b DEL U, SRSty
to Ce algkyﬁafb%ﬁ{/lla&@ cad eg\hﬁomafwak&k%ikylﬁt@s a9 1@8&9 %Fylé‘érB&Eﬂates Cy

uori nat ed hydrocarbon radical s

to Cis elﬂtyhfﬁcmb@maayl% to £k l;fbloroaék}éﬁ Cat(kals éh%omﬁuwnéigegnd C7 to Cys

ﬂuoroa]%ghag}rlﬁd{ll i< % g?%ui Ste %21}28%2 lhg/gﬁ"@ef %rl] m@en qldaorlde methyl,

phenyl, '}Slfehbféﬁ l%nk&iy, QBmpﬂu&@ﬁféﬂi}@s exd |fﬁbﬂiphényl§ytclyeh&>mbr,e particular
, hef‘%k tol yl, trlfluoromath&
embodlm@nha@eﬁ%ﬁle yipetr dnétinyllengls. ot By Fro@ls, GretonFexglylaryls,

o L A S AR e s
to Cp Ihieieﬁ;atdrﬁ contairgmd atliye rd, tot 09, heteroatom-oaihorgraylpand C; to Cpp
oo el S4B SR B,
Cs a1ky‘14“‘€,528 ;&;o 11%; ?léb& Qé/b glalk WA, %fé‘g&ﬁ@ﬂc@ﬁcaam{mr h&lg@shated C,

{%ast one bri dgi ng group, ?
to Ce adkelyls; had hahgenm:d l![bttor©m| akylagytseineyeter nisye partieylay embodiment;

naoiol i 300 SR LTS ] BB S P48 hons,

ﬂuoromé@l‘i}l'léj g@eno-MBL %lnhQﬁﬁﬂ&%metw,an@ﬂﬁordﬂleﬁﬂﬁm’iomb -ad®e, @s, tetra- and
defined above for formula (VI11); and wherein each Cp
pentaflixgrgphanylss i yes mreereipgrtise g eabpdingnt. and (A) is
chem cally bonded to each Cp. Non- limting exanples

o ot A0S SV sk s

ethers, da@bd;g@és odiendsy d1_wircibarhon te@liaisomavimgcfroms bt btcarbon atoms,
I|mt§d to at least pne of a c

fluoringipd | o fedtocapon c oISy &gm B F]gsgn (Bgﬁ%fﬁg'}?rr?ﬁhegﬁ%) >y j fuorinated
alkylca%c%lﬁmd (ec§’ ngimetd s E}}'&ﬁﬂé‘@fand naheRiiBnd BRd hehdidsibaMthereof.

Cl’to Cl2 a or aryl substituted to
Other smm;ﬂéw of éiJhgaids nalude @Jkyl M@lmrmbuaagcygmuwl(mclqh&gﬁyl methyl,

c [ tltuen rou
s 4551, AoV S R B FRL) MRAARRAE. motons
ethyox%rﬁﬂpoﬂb pBeltikyl bﬁm@ﬁeﬂlﬂﬂﬁmhdéﬂ tiinﬁ‘djhﬁ%rﬁﬂiﬁl &mlemliylphosphlde radicals
gll ng group (A) are repregsented by Cl to
and thealilfey |18 988 Embodisiant. (e er 01 & GO Sused T g yding system.
sul fur, R'ZC—R' Si=-Si(R)2S z ~(R2)-, R2CG= R

[0083] FEE an&‘eﬁ!&e & 1% m t@ﬁ&% ZO g@%ﬂ&@hﬁﬁblu@%@%e of/\fd)ﬁhﬁla (VIII)

t
IS 1IN eh ent y Se ected fromthe roup consi stin
where @p layd Gpaare bridged de andhyothershybastleastipraibridging geoupy(A), such that the

structure Js?gparésplrlxted by%%St NS ff)d hal ocarbyl, hydrocarbyl -
[0084] Cp"(A)Cp"MX, (IX)

[0085] These bridged compounds represented by formula (IX) are known as “bridged
metallocenes™. Cp”, Cp®, M, X and n are as defined above for formula (VIII); and wherein
each Cp ligand is chemically bonded to M, and (A) is chemically bonded to each Cp. Non-

limiting examples of bridging group (A) include divalent hydrocarbon groups containing at
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substituted organonetal | oi d, hal ocar byl -substituted
organonetal | oi d, disubstituted boron, disubstituted
wWOx@a/0820%7 at ons, substituted G oup 16 atons, apdI/US2005/001708
hal ogen radi cal; and wherei1®-10 two or nore R may be
joined to forma ring or ring system In one
empodi ment the bridged netallocene catal yst
least oneyREoReht (oA 6rasmusys (a%utm@é hmmdde atrdgast pnd dfiregrbon, oxygen,

mtroge%r Qfgi‘aﬁn ( Q?)uxm{l&gsgorog tth{] %to%im( a leﬁémgma’ﬂons thereof;

gl ng group I Ac hy ene
wherelrettlnty hedsraéom rmm_)p)alslodben@l ﬂos@ﬁrzﬂ]ayll ordenye, substltuted to satisfy neutral

E |, et hyl en Idlrrethlehlene 1, 2-
valenesiy S BN ERE e A)rmay 2150 CoBRRLB Ry PR SrgWas R as defined above for
formulad(‘y‘ﬁi)hﬁélﬁﬂl ?lhaldé'eﬁtrgﬁiba% bd goﬁrEMBﬂf’ Ip%ttf&}i a?'nhl}f hjmslf'iﬁ%/ Iexamples of

["uor onme butylsilyl, bis(triffuoronmet
br1dg1ng|grnum lﬁA}la)@; |r¢grbaenwd(lvy Eh otpy@é siklylehes, diu()stttuted C; to C¢ alkylenes,

oxygend%\.gﬁ%h 12577 ?1” Cy C |Sgﬁe¥é (%Hi%,ylf\ §€v 1y ﬁlPOh?v)él){erem ‘L” represents two

chemlcﬂubéﬂdﬁy chvidie x| ﬁllh& J)endérftly‘ &%&deﬁ&ﬂyﬂh}: Sgrbﬁﬂ consisting of hydride,

(p-tolyl)sil t he corresponding noi eties

hydrocaqrhéle ePwPstifEeds; Kradreiaﬁrbzl r bpfpeastyd, bgubatlmedorhaépo@rlard,o nlyydrocarbyl-
substit %etig goé#é&%l:lcnd 81%{(%%%)3’} Ll%ﬂstltauﬁgf( ég}%h%?% ?wubstltuted boron,

disubstituted g}rngp d 6 aitgns, A)lbstaytealcaoulb €6 @yehd, and Garggeh $hdighl; A1 wherein
example 4 to 10, to 7 ring nenbers |n a nore
two or ¢ e 1o DBt (6o 4 THE Fig SiHfBerls onggynbgdiment, the bridged

metalloe&leBGta6kt t:{)lﬂﬂbﬁé?ﬁ on&ﬁﬁ%ﬁt (%Xgﬁ%tt{&'@ 0 thROBME m% &FHHPQ 0K).

or nore of B, Oin a par
enbodi nent . hbn I|n1t|ng exanples of ring structures
[0086] ﬂﬁharhnmyrrmenao easples ofs badgipargrows (ANeinoliddginathylene, ethylene,

| ob d
R LTS R GURONIL g, 12
dlphen}ﬂétﬁylche ¢arz %ﬂ@iﬁ%tﬂﬂeﬂwl&ﬁ§ M@Jtﬁylﬁﬁﬂf @ﬁetﬁyﬁlyqarrﬂéiﬂyl-ethylsﬂyl

are replaced at | east one

tnﬂuor@neqhmlbym Yéull%\?(tﬂ@orﬁlﬁ@thﬁémﬂ'h éilﬁﬂdﬂﬂ)’lhigl}’laarqiﬁh@énﬂbﬁﬂyl di(i-
propyl)gf}llwegi'an h@fyljs!il@p %lﬂgrt olﬂgxﬁﬁ 8@]8&{&%){ Y yclcSI%ltoEgyé%ﬂe%é/lsﬂyl t-

butylcygllohevgdsﬂy,@;) dr(‘&iauﬂyq:)}&ﬁylbmm edl(ptoljalblﬁhrl wndt g edmﬂéspbndmg m01et1es
one or rmreezltj stituents and/or be fuse

.carry
Wheremorti’?mﬁle defs rerlge HcPulEsor 1§ Gor deWnt dimathy %iyi éillethYISﬂyl
dimeth 62805 DBRATeRGT, US2005/ 001708 - 20 nore

substituents "are Sel ected fromthe group consisting of
hydrocarbyl (e.g., alkyl such as nmethyl) and hal ogen
[0087] Jrp agother entjoflimento heidgimgogionp n(tA) th zdme ber cyabice comprising, for

exampl8d 40P uhi C Erﬁlgusergg’% % %yrﬁ%ﬂe ba ij | &l orcrl?mgnt %%{% 81embers

optiondlly & RS unsatur
may be alkécteérfﬂ)ns dleasiémentf hmimblhtﬁl Pooel[Frain bEé of tn"d)@e of Bt BOSE Ge, N and

) having 4 to, 10, nore particularly 5 6 or rin
Oina H?é‘iﬁ%ﬁi‘rser’%l%‘@{‘%%‘!te N qutmeexgm@kﬁ of ﬁﬁélsg’tl?tH@?Sthl% mgy bg present

t
as or p’éa\f(fgcr}gtl‘é@ bﬁd pﬂelﬁ%é ’ar@ @gflg’l?]lffzﬁqe}lan dféfﬁ& yrde% ceyclohexyhdene
cycloheptydisleng, |cmglos¢tthb¢u@ raed thayorretsp«mth@ NS Wheré wae dr $wie barbon atoms

are rep%%?%{? eq,t sﬁp e 01‘.l gl t&e A 8f i pglat{%u{atr],ygi Ind¢s. The bonding

arrangement between the ring and the Cp groups may be either cis-, trans-, or a combination.

[0088] The cyclic bridging groups (A) may be saturated or unsaturated and/or carry one or

more substituents and/or be fused to one or more other ring structures. If present, the one or
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(optionally fused) ring structures may carry one or

nore substituents. Illustrative, non-limting
wez@spsmg7 of these substituents are hydrocar byPCT/US2005/001708

(particularly al kyl) groups and hal ogen atons. [0089]

The |igands CPA and CpB of2fornmula (VI11) and (1X) are

different fromeach other in one enbodinent, and the

j n (oJel . 10.1,0090], | t ot h
o suSATRAL G SRROARTBAY ook R0 i S 6 s o
methyl) amhbalbgeratele., BECH ihame renaipaun Ofhe(SieDr m&RNS groups which the

b C .ck)o ent adi.enyl catal yst corgonents) such as
sbove cyglie bPHEiRg myigtidionag pogmly s fussddrpnae, ba satkcied o unsaturated and

1 i . lLys .
B e T L T -
membery @glestedniient thy group cms'm_milngdoﬁi(_),:NJG 4109 1 a%?(iﬁv)kl)@\@%bodiment)
such as, f%pe&lggl%)z %Ycﬁgpgerngflrl? (@fgfcﬁaﬁlxs ad’gﬁ)lhggﬂd z\ggq\égv%nt 5I§¢§titggggligcmres may
themselvasn e ihgsdedudh @B, Rk QpRINiA BR 358109 %Hﬂsg&)ﬁti@ggfb%gi LIQgMover, these

) nd nis 0 or an integer from 1 to 3
(optlona@éﬁ{sp@l}p@ stgiebBes makcarry ene or morasybxituedp Alllysiptive) doflimiting

iYL By ARS8 4R F B AT IR i Bl

(1X). I'n one embodi nent, CpA is selected fromthe
[0089] The bigandsdlysi aidi Gyf affforyalh (YED! adi (EXyire diffarel@Tytm each other in one

. tetrahydroi ndenyl , fluprenyl, substituted versions
embomn}eﬂtf'@aﬁw%leﬁﬁﬂﬁhﬁﬁfmgﬂgm@ﬁ%reof. [0093] In fornula
(X), Qis a heteroatomcontaining ligand in which the

[0090] IboRei AwitRt oxspééthane ahomibhat &a%al?ﬁh%ﬁpdﬁek? mﬁld@@ho-ligmd
M is selected fromthe group consisting of Goup
metallocgrepmposings (e & 81950 10 clopeptedienylontal yatisospreats) sacld as described

: ed f e {Qr.oup nsi sti of (nitrogen

i WO SPhEEheRy! Saibe 1P ARRRkeh e f Jh 805t st

componeatrisadirideed haifidanmivicloy@etatockne XdtgedRntedbytss formiuhy &):
particul ar enbodi ment. Non-limting exanples of Q

R i,ncl ude kyl am nes, arylam nes, nercapto
10091} Cgo%mgs, eth compounds, carboxylates (e.qg.,
pi val ate), carbamates, azenyl, azul ene, pental ene,

[0092] WDB&&DCg? lis derRIMBoNE Bhd & bdil k&N GA)RyEtQ)%ﬁFWIg’gTUQ bonded to Q
2005/ 082947 PCT/ US2005/ 001708 - 21 car bazolyr, _
and Cp”;swd apsrginma agem drone ghepd ey i bopdédsiony; @dbups A 6r amihteger from

. ; f ngli i kh 94 n
o3 1 G508 o BLOTERARAR, PRI 68, KA Tk OR R0 b o s
ring systemat dlhesX growpsoadni of $oranila (W) a@dgL dlefinbBhboveanfvikhla éVIH) and
net al | cg.ne represented by the formula (XI): 5 [00951
(). InceioypBRACmER (R0sBPelaties diom Cpediuipormbivins #f cveloperedienyl,

indenyl, Rl dRsiRderdyD, ﬂl}@réﬂs)l, %Qith&d@el‘skcgﬁqgergé}?and SoPRAAGD s i reof,

[0093] In formula (X), Q is a heteroatom-containing ligand in which the bonding atom (the
atom that is bonded with the metal M) is selected from the group consisting of Group 15 atoms
and Group 16 atoms in one embodiment, and selected from the group consisting of nitrogen,
phosphorus, oxygen or sulfur atom in a more particular embodiment, and nitrogen and oxygen
in yet a more particular embodiment. Non-limiting examples of Q groups include alkylamines,
arylamines, mercapto compounds, ethoxy compounds, carboxylates (e.g., pivalate),

carbamates, azenyl, azulene, pentalene, phosphoyl, phosphinimine, pyrrolyl, pyrozolyl,
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M each Qis independently bonded to M Qis also
bound to CpA in one enbodinent; X is a |eaving group
w@go00desonT bed above in (VII1); n ranges from OP€DUS2005/001708
and is 1 or 2 in one enbqQgyment; q ranges fromO to
3, and is 1 or 2 in one enbodinent. In one enbodi nent,
CpA is selected fromthe group consisting of
carbazotyl cbaplsitzent ethygt compolemniy lcomipasing yrdnpilddedybroup 16 atoms capable
fluorepyl, substituted version thereof, and
Ofbondb‘%ﬁrfﬁ%ﬂﬁ&{i ons thereof. [0097] In fornula (XI), Qis
sel ected fromthe group consisting of ROO, RO,
oooq) B p%t'anot%aspect,%at lea$-one TRl ocehdBataly St omponbi# is an unbridged

. H, and substituted and unsubstituted aryl
“half sapdwighd mejgibacengreRrasented b ghedarmyle iXDhe gr oup
consisting of Cl1 to C6 alkyls, C6 to C12 aryls, Cl1 to

A amnes, C6 t 12 al kyl aryl am nes, Cl to C6
(0095 ggklgﬂx Zd C6 to CL2 a% oxys, and the like. 15

Non-limting exanples of Qinclude Cl to C12
[0096] odekaTEpPLss dEindlms@oL theatberoypsire€VITD . agd is a pigend theels, bonded to

oS SEaaB b F 2 EAELOB 1 LA 1

1eaving”§1‘og%'a90&%§6ﬁb&bey&zecﬁﬂ(VHI)%S% Be o0 te3a6md 6s 1US 2 in one
6,069, 213: 20 [0099] CpAM @GZ) Xn or T( CoAM QRGZ) Xn) m R
embodigiént; ) rap@es1fooh Qecth eéhd i oCh one embodimsnte Taongembadipnent, Cp

. b : 1011 | . . i .
B R AR I te—
fluorengl] QRGN &! Versioh didedt] atdl ddmtdindions tlkeddfned such t hat

each Qis independently selected fromthe 25 group
consistin

of .-0-, -NR, -CR2- and -S-; is_gth
100971 E oo Wit srectshion the scwpecnsTrg kDR Ao “NR-
—CR,—C085Si sNR)9-@R,R-sROR S CR3y ' B8subsiitlted aryl
CR2 ’nygﬂ de, pg“cl){\?i’ disﬁé tsﬁa’ \A%%zﬁ Qi %Iﬁﬁsﬁlgsguféﬁ’e%mfz) s o ary
groups,seheeineRl i sabent¢chiogr the grapnonsisingoHE: 1ok alkxipCs to GR aryls, Ci
o o i PR SRR, IR O AR St e

Non-limfﬂﬁl%p@ﬁ%ﬁﬂéd vf @ligeuad dr oM headhauRs.C Cnstb SCin@redxyGtes (e.g.,
to Cl0 heteroatom containin roups, Cl to C10
pivalatg)l Ry tasCo@HylsoardiQ: tr (o deterss. V’gmétlfﬁe%ll kylaryls, Cl to

C10 al koxys, and C6 to Cl2 aryl oxys; WD 2005/ 082947

[0098] % ér. Z00RHRQL7AB the algalfa %aglﬁ%’l’ggértﬁl deeREs @odv_@déén be described for

|
i cul ar "embodi ment; T 1s a bridging

examplg/ U86,®9, X3t ed from the group consisting of Cl to Cl10
al kyl enes, C6 to Cl2 arylenes and Cl to C10

a contai nin , C6 to C12
R g s e SO N [ VG, S ()
[00100] wherein M, CpA, X and n are as defined above;

[00101] Q;GZ forms a polydentate ligand unit (e.g., pivalate), wherein at least one of the Q
groups form a bond with M, and is defined such that each Q is independently selected from the
group consisting of -O—, -NR—, -CR;— and —S—; G is either carbon or silicon; and Z is
selected from the group consisting of R, ~OR, -NRj, ~CR3, —SR, —SiR3, —PR,, and hydride,
providing that when Q is -NR—, then Z is selected from the group consisting of —OR, -NRy, —-
SR, —SiRs, —PR,; and provided that neutral valency for Q is satisfied by Z; and wherein each R
is independently selected from the group consisting of C; to Cyo heteroatom containing groups,

C; to Cyo alkyls, Cg to Cy; aryls, Cg to Cy, alkylaryls, C; to Cyo alkoxys, and Cs to Cyy aryloxys;
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wherein each T group bridges adjacent "CPAM 2G&Z) Xn"
groups, and is chemcally bonded to the CPA groups. 5
WO 0Oi08)o4mis an integer from1l to 7; mis an POI/E§®O5/001708

from2 to 6 in a nore parg?gylar enbodi nent. [00105]

In anot her aspect, the at [east one netal |l ocene

cat al yst conponent can be described nore particularly
[00102] 1h [k pélryﬁwpa&ﬁcﬂaﬁ drhBodiménf] dddd) , (XIl11c), (Xi11d),

( e) and (XII1f): 10 [00106] RBR RA RBRA R2 RS R2

15 M (X)n, Nn M [00107] Q (X

[00103) I X mbatdglryg gropp z@ew ?@Hsﬂ*@@@laﬁz]cwwlgﬁfgégﬁe&w ghylenes, Cs to

Co ary]leﬁgsl?)r@?@ %ﬁé@%}%ﬁbﬁg f%%l 5]5gr s&)egldl‘ AVté ¢ RaefordRyclOgroups;

wherein each T group bridges adjacent “Cp AM(Q,GZ)X,” groups, and is chemically bonded to
the Cp™ groups.

[00104] m is an integer from 1 to 7; m is an integer from 2 to 6 in a more particular

embodiment.

[00105] In another aspect, the at least one metallocene catalyst component can be described
more particularly in structures (X11la), (XIIIb), (XIIIc), (XII1d), (X1lle), and (XIILf):

[00106]

[00107]
(XIIa-i) (X1Ha-ii)



15 R3R6 RZRL 20 (XYXn MA R7 RARRe 25 9 Rie
[00111] R10 RLt [001121 (XIIlc) WD 2005/ 082947
WEON5082005/ 001708 -24- [00113] R4 R 5 R3 1 \RCRES2085/001708
RRR RL(Xn MA \R7/ _R§_R* 10 RO R1O0 [00114]

(XI11d) 15 [00115] R/ A'- , R* R7' R7 Ré' AR 8 R2
R6 ..

1 s 20 R R R3 Rs
[00108)

[00109]
(X1IIb)

{00110}

15

20

.25
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MR4 RE \(X)n [00116] (XII1le) 25 WO 2005/ 082947
PCT/ US2005/ 001708 -25- [00117] R12' R13 13' A\ R R7'

WR200R08294R R6 R Rg RZ RS 5 RR9O R3 RS R10, RIODUMoB001708

[00113]

[00114]

[00115]

[00116]

4 R [00118] \(X)n (XI11f)24]00119] wherein in
structures (Xllla) to (XIlIf), Mis selected fromthe
group consisting of 10 Goup 3 to Goup 12 atons, and
selected fromthe group consisting of Goup 3 to Goup
10 atons in a nore particul ar enbodi nent, and sel ected
fromthe group consisting gf Goyp 3 to Goup 6 atons
in yet a nore particul ar & bodi Bent, and sel ected from
the group consisting of atons in yet a nore
parti cul ar enbodi nment,_san B¢t edgfromthe group
consi sting of Zr and S a frore particul ar
enbodinent; and is Zr iny
enbodi ment; 15 [00120] whe Qin (Xilla) to (XIl1f)
is selected fromthe g
aryls, arylenes, al koxys,/ anyl oxys, am nes,

arylamnes (e.g., pyridy aRkyl am nes, phosphi nes,

al kyl phosphi nes, substifuted al kyl substituted

aryl s, substitutqggal oxys, substituted aryl oxys,
substituted am nes,/"substituted al ky¥ am nes,
substituted phosphi nes,\substitute al kyl phosphi nes,
car bamat es, heteroallyl s) oxyl ates (non-limting
exanpl es of suitable 20Qscarbamat es*and car boxyl at es

i nclude trinethyl acetate, | acet at e,

nmet hyl acetate, p-toluate, oate, diethyl carbamate
and di met hyl carbamate), fl ated al kyl s,

fluorinated aryls, and fl4oringted al kyl car boxyl at es;
wherei n the saturated grdﬁbs defRhing Q conprise from
1 to 20 carbon atons in one enbodi nent; and wherein
the aromatic groups conprise from (XII1d)

(XIlle)
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5 to 20 carbon atons in one enbodi nent; 25 [001211
wherein each R* is independently: selected fromthe
w@e@apsansi sting of hydrocarbyl enes and PCT/US2005/001708
het er oat om cont ai ni ng hydregar byl enes in one
enbodi nent; and selected fromthe group consisting of
al kyl enes, substituted al kyl enes and
[00117] het er oat om cont ai ni ng hydrocar byl enes i n anot her
enbodi nent; and selected fromthe group consisting of
Cl to C12 alkylenes, Gl to Cl2 substituted al kyl enes,

and ClrBo 2 hetergato ont a| n| ng” hyg{ﬁocar byl enes

i npaz e particuldr enbodi any sel ecg®d fromthe
grou

PCT/ et ga nore
gartic R* gfoups are

iglant | er enbodi ! fs
(XI11Lf); [ i bed abgveNfor (A in
strugt uye\(1X), ral [ sehggted from

-0-, -5,
d i & re-, RP=, C1
to Cl2 alkylenes substquﬁﬁd Cl to Cl2 alkyleggﬁ
[00118] di val ent C4 to Cl12 5 cyclic hydr ocar bons and If)

substituted and unsubstituted aryl groups in one

h [

[00119] %%hg%&vg@% yg%ogda?%ginﬂé oM ts §el&ﬂéﬁlﬂoﬁcﬁf2h‘é sblip Goffisting of
Group 38bR2rop 14 atoms, gudrseleciet frone tsoglions reonsistingr of (&roalneﬁ o Group 10

atoms fgiadsnglgﬁe ﬁyﬁgul%grgﬂs%cﬁmgﬁtk (5 geclg Q?Auﬁ‘tp t?xﬁ%roupaéo ¥ sﬁng of Group 3 to

Group @%E&ﬁ@ﬁlt R GAGE PaftichBir BinBbeieRNRAAE stlected éronﬁﬂib@da)umcmnmstmg of
and Ris selected fromthe group consi sting

Group G:@tqum get agu@gmatt@p@g embpdianG ané ﬁ@lﬁgtled frgmj’%@g@@ ¢emsisting of
Zr and g}ék adm]pre %ﬁ{l}odﬁﬂérﬂr arQP 26 lr{tﬁgta é?&ﬁg ﬁichﬁr embodiment;

e group’ consi st OXY,
met hyI phenoxy, and phenyl in yet a nore particul ar
[00120] aﬂ’mﬂ@inr@tﬁ (XI@P 2R selectedfimmythb graipswensisting gletlkylenes, aryls,

h
aryleneg 2 oa}i]g?xrypge e g)lcyr;g ?ptnrlg!@s? ﬁy’f‘faﬁag%%a eg :aéfhﬂ?é s %I?ky%%ld gpho sphines,

s hbsti®Od aRY1sNsibRtifkied yBIQIbshitied Mdxgs s battdt d aryl
alkylpl*cﬁgl(u}ﬂsé > bSt{tl n g%%)’tshser elrrbodelﬂprre%t Sz;nd or)@; |un S

substltumdt hemiresb o divhsiteted an@llk[/bml%] mlbswwdghpm@ha% ! substituted

e nden f
alkylp}fﬂ?& ganct %X"ffesr’ glbe% 8t Plyl oge i::‘1rt %EI rcal s, %%S&aﬂ%l& of suitable
carbanfitdsy | and (CArHoRyleled alhdiﬁdbw time@yldoatafE, 2 tﬂmyihylacﬁﬁtet om€tylacetate,

Kyl ls, Cl to C
-toluiﬁ }%/e@;lag c%lptbb]p@rgplga%é? 2% 81);@:2 Xlgarhqrgatgjl %JoLlﬂgtggahkyYs Stuorinated

aryls, and fluorinated alkylcarboxylates; wherein the saturated groups defining Q comprise

from 1 to 20 carbon atoms in one embodiment; and wherein the aromatic groups comprise from

5 to 20 carbon atoms in one embodiment;

[00121] wherein each R" is independently: selected from the group consisting of
hydrocarbylenes and heteroatom-containing hydrocarbylenes in one embodiment; and selected
from the group consisting of alkylenes, substituted alkylenes and heteroatom—céntaining
hydrocarbylenes in another embodiment; and selected from the group consisting of C; to Ciz
alkylenes, C; to Cj, substituted alkylenes, and C; to Ci» heteroatom-containing

hydrocarbylenes in a more particular embodiment; and selected from the group consisting of C;
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het er oat om cont ai ni ng hydrocarbons and substituted
derivatives thereof in one enbodinent; selected from
W0 b@s5g8wp consi sting of hydrogen radical, fl uPeT/n82005/001708
radi cal, chlorine radical, romne radical, Cl1 to C6
alkyls, C2 to C6 al kenyls, to C18 alkylaryls, Cl to
C6 fluoroalkyls, 25 > C2 to C6 fluoroal kenyls, C7 to
to Cy4 a@@ﬁm@é Hﬁif@@ iledaptichildr Rnibotiéht adtwiciabothniyo drowps hie identical
and ;%en radi cal quorlne radi cal, chlorine
lnanmh@umdﬁﬂun mgructgen(XUflr opyl . i sopropyl, butyl,
i sobutyl, tertiary butyl, hexyl phenyl ,
I k%&y
o2 2 & %%F“é@é*aﬁ?’?ﬁﬁ : QOB ARYDIOMOR G RUPSolfcd fom
the grogtpoaqnsmnng/ of ar cheaicdl tpnd e+-OherS—, S—&&Qm‘-at—EB,—, paiRi, #G§R2, =SnR,,

s B TS SRR 1010, BRORLRZ R g .

cyclic H?&I%EéIBSSSn Bnd FLRkMAEd GRIRANEREtERIPASS 8rtups 1b)bn6)@nlﬁo@lment and
ake on nmany forms such as disclosed in,
selecteé%lthe gU&PSC@EEUVQQf Gsg05Cy oxcliglnydregaebons; 5 HZQHZ‘FGG:CRZ and

i L By A S oo o
alkyls, @y€16 k2 3aryls) QlkaBys, ﬂﬁor@akk&[stdndl]ie&fo@cﬂb&dniﬂﬁﬂﬁg hjdrbdfmebons in one

nmet al | ocene represented. in (X1
embodinensnpagdt d¢l Se‘gﬁtéﬁb@r@d %aﬂfé% CPlil%ﬁmgﬁa @mt‘?r{éﬁt ﬁfé{nlﬁ Spbstituted
S b [ I
pren AL AHECTHOE] it LTI ARR i AIRTR i o
the grolgs congistingnoherethoxy, modthyle phE®Xy3Ghd phenyl in yet a more partlcular
cycl opent adi enyl zi rconi um Xn, 10 [001311
embOdirH?{gnyl zirconium X, , , [001321
(1- et hyl i ndenyl ) zirconium X,,, [00133]

[00123] (Whe¥Bh W Il RARNabsdritiih GeindMeXembodin¥dd, 3d which case each R* is defined

g yI i ndenyl ) zirconium Xn, 15 [00135]
as for R2Rpr opyl i ndenyl ) zi rconium X, ,, [00136]
(1-butylindenyl)zirconiumX,,, [001371

( i [ 20 [00138
[00124] e?a"?zél?é s HP%?%’%‘% ﬁ%ﬁ@ﬁgwg}l P gonl um E(n [%)0139]
tetrahydr0|ndenyI2|rconlun1Xn [00140]

[00125](p &sndraiméddey lfiopc D dp dneadifreny ] Yo Bris endthen ombodiment, and 1 or 2 in yet

another embodiment; and

[00126] R' through R'? are independently: selected from the group consisting of hydrogen
radical, halogen radicals, C; to Ci» alkyls, C; to Cy» alkenyls, C¢ to Ciy aryls, C7 to Cy
alkylaryls, C; to Cip alkoxys, C; to Ciz fluoroalkyls, Cs to Cyz fluoroaryls, and C; to Ci2
heteroatom-containing hydrocarbons and substituted derivatives thereof in one embodiment;
selected from the group consisting of hydrogen radical, fluorine radical, chlorine radical,
bromine radical, C; to Cg alkyls, C, to Cg alkenyls, C7 to Cyg alkylaryls, C; to Cs fluoroalkyls,
C, to Cg fluoroalkenyls, C; to C;g fluoroalkylaryls in a more particular embodiment; and
hydrogen radical, fluorine radical, chlorine radical, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tertiary butyl, hexyl, phenyl, 2,6-di-methylpheyl, and 4-tertiarybutylpheyl groups in
yet a more particular embodiment; wherein adjacent R groups may form a ring, either

saturated, partially saturated, or completely saturated.
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25 [00141] cycl opent adi enyl zi rconi um Xn, [00142]
pent anmet hyl cycl opent adi enyl titanium X, [001431
wo eqsasdthyl cycl opentyl titani um Xn, [00144] PCT/US2005/001708
1,2, 4-trinmethyl cycl opent adiognyl zi rconi um Xn, WO
2005/ 082947 PCT/ US2005/ 001708 -28 [001451
dimethylsilyl (1,2, 3,4-tetranet hyl cycl opent adi enyl ) (cyc
[00127] IT@e Sﬂﬁﬁc&dﬂeeﬁylhé mitatlovdnie reatiy;st cdrifinéf represented by (XIIla) may take on

o (L T B L SRS et e )] 2,
1nclud11f1j%j ?‘r?ritél?ﬁyf 'ok éhgamgmg’ sthudifile! ARLRYiSNEaRE Mo @kﬁ’ﬁ%l'e ) 0%, 2026,798

ycl opent adi enyl) zi rconi um X,
and USdi, o, h8.si | yl (1, 2, 3, 4-tetramet hyl - cycl opent ad| enyl ) (2-
met hyl cycl opent adi enyl ) zirconium X,,, [00149]

[00128] ?‘b 6’3% fﬁr KO GH S r2RE MAALEMYIehE bTERNEA T (XA URY 24 R form a
conjugaéwsldf?{h&réwbdrsomﬁhg ¥y stdral ey naf ol umiyeroy by mibstimmsdim Xn,

phenyl silyl (1, 2, 3, 4- te r amet cycl opent adi en 3- .
[00129] mplymty@ SpeRplai @%mté B iriE Sophpedy copsitth with the

L1, 2,3, 4-tetramet hyl cycl opent ad| enyl ) (3-t
descrlpﬂbﬁﬁ%ljg?ﬂch opent adi enyl ) zirconium Xn, 15 [00153]

di met hyl gernyl (1, 2- d|nethylcyclopentadienyl)(3-isoprop
[00130] elyclppérapdienydzit@mpn Koy coni um  Xn, [ 001541
di met hyl silyl (1, 2, 3, 4-tetranet hyl - cycl opent adi enyl ) ( 3-

net h I’?@éclo tadienyl) zirconium Xn, 20 [001551
WOI?’”dWﬁﬁﬁ% e fdene(cycl opent adi enyl ) (9-fl uorenyl)zirc
onium X,, [001561

[00132]C(ﬂﬂﬁkﬁnylﬁﬂﬂehiﬂlyilmd>anm?X)g:l opent adi enyl ) (i ndenyl ) zi rconi u
[ 00157]

SO-pro nebi s(cycl opent adi enyl ) zi rconi um Xn, 25
[00133] [(@ggqbyl?yclen%§21rcom1&n ¥(‘.:1, P yl)

I So- propyl|dene(cyclopentadienyl)(9-f|uorenyl)zirconiu

34 18f¢ A ¥zirconium Xy,
(061 ]ml?)g}p?[ opyl i dene(3 nmet hyI cycl opent adi enyl ) (9-fl uorenyl)
zirconium Xn, [001601

[00135]c@HybRylEsiesyldzironBEXy ) zi r coni um Xn,

[00136] (1-butylindenyl)zirconium Xy,

[00137] (2-butylindenyl)zirconium Xn,

[00138] (methylcyclopentadienyl)zirconium Xy,
[00139] tetrahydroindenylzirconium X,

[00140] (pentamethylcyclopentadienyl)zirconium Xy,
[00141] cyclopentadienylzirconium Xu,

[00142] pentamethylcyclopentadienyltitanium X,
[00143] tetramethylcyclopentyltitanium X,

[00144] 1,2,4-trimethylcyclopentadienylzirconium X,



[00161] neso- et hyl enebi s(1-indenyl)zirconi um Xn, WO
2005/ 082947 PCT/ US2005/ 001708 -29- [00162]

werdoplogasebi s( 1- i ndenyl ) zi rconium X, ,, [00163] PCT/US2005/001708
et hyl enebi s(2-nethyl - | -ingenyl)zirconiumX,,,
[ 00164]

et hyl enebi s(2-nethyl -4,5,6, 7-tetrahydro-1| -i ndenyl)zirc

[00145] @imhathyl1ilyl(1,2,B A0k6ahethylcyclopentadienyl)(cyclopentadienyl)zirconium X,
et hyl enebi s(2-propyl -4,5,6, 7-tetrahydro- 1
-indenyl)zirconi um X, , 5 [ 00166 .

[00146] é’(nl*ﬁﬁhgﬁ‘@ﬂés%éf‘i'@HWSW}cy &I,OB,L%?%‘?’%@(} ARy EERYl ndenyl ) z
j A onium X 00167]

CyCloPeggaﬁiﬁhgﬁeéi sn(l%rflbu'f yl -4,5,6, 7-tetrahydro-1|-indenyl)zirco
niumX, ,, %00168] ) .

[00147] dinhgthysidy( s2.3 Ar-tstpuethyleycpentadient KhRydmsthyli ndenyl ) zi

rconium X, ... 1Q,[ 00169]

CYCIOPGH%%E?WF%‘F‘?WP%%, 6, 7-t et rahydro- 1- i ndenyl ) zi r coni um
X, ,, [00170]

[00148] dirpétRyiyilyl¢l,3,36)-Btrmictiyby delopdntddiabeh(2-) zi r coni um X,

[00171%@, ..

methylesclgneatdisnyPArepniim Xnet r ahydr o- 1- i ndenyl ) zi r coni um
X,,, [00172]

' [ ' gk DRsMngDEeioE M,coni um X, ,, 15

(00149] ([é%{(%%}?l h%l:(%ﬁfﬁflﬁ{saig?éy#%?s( 9?§I uor enyl ) zirconi um X, , ,
[00174] dinethylsilyl bis(1-indeny])zirconiumX,,

[00150] [doﬁgthsﬂsilmh(mmlmdﬁwlk(ﬂw@nyﬂé%lwmwwa| ) zi rconi um X, ,
20 [00176] dinethylsilylbis(2-propylindenyl)zirconium

oors1) spr SR 7Pt SEame e FY AR I i um x,

propyldy@@bésdidhpheirsoniinh Wapi s( 2- met hyl i ndenyl ) zi r coni um
X ,, [00179] ‘

oo oSBT e P RS BRERARANEET) 8 Ko e,
butylc%co Skl Q&%‘&Mﬂﬁ:}gﬁrl bi s(2- met hyl i ndenyl ) zi r coni um X"

i
182] di net hyl si bi s(tetrahydroi ndenyl) zirconi um
X,, WD 2005/ 082947 PCT/ US2005/0017Q08 -

0183],. . .
[00153] cilimmethiylgesmy (i ,B'rcﬁ{nteﬁb’lcé’ﬁ@ﬂ’m@?éﬁ}iéé?ﬂpé%ﬁ’ygﬂgﬂ?ﬁpfmablgﬂ?’%wmm

X X, ,, [00184]
% di met hyl silyl (cycl opent adi enyl ) (9-fl uorenyl ) zi rconi um
x! 1

[00154] dimethylsilyl(l,2,3,4-tetramethyl-cyclopentadienyl)(3-methylcyclopentadienyl)

zirconium Xp,

[00155] diphenylmethylidene(cyclopentadienyl)(9-ﬂuorenyl)zirconium X,
[00156] diphenylmethylidene(cyclopentadienyl)(indenyl)zirconium Xns
[00157] iso-propylidenebis(cyclopentadienyl)zirconium Xy,

[00158] iso-propylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,

[00159] iso-propylidene(3-methylcyclopentadienyl)(9-fluorenyl)zirconium Xy,
[00160] ethylenebis(9-fluorenyl)zirconium Xy,

[00161] meso-ethylenebis(1-indenyl)zirconium Xy,
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[ 00185]
di phenyl si |l yl (cycl opent adi enyl ) (9-fl uorenyl ) zirconi um
WX2005/083990186] di phenyl sil yl bi s(i ndenyl) zi r conPCIUX2005/001708

5 [00187] -29 .
cyclotrinethyl enesilyl (tetramethyl cycl opentadi enyl ) (cy
cl opent adi enyl ) zi rconium X,,, [00188]

[00162) eghypdénsbis(H-indenylyticasading ¥y t et r anet hyl cycl opent adi enyl ) (
cycl opentadi enyl) zirconium X, ,, [00189]

I AN anesi ( . t hyl cycl opent adi enyl ) ( 2-
[00163] eﬁé@%ﬁ%ﬁ*deﬁ% 3 1?‘?%@1?&#@‘{@% [ 00190]
cycl otrinmet hyl enesi |l yl (tetranethyl cycl opent adi enyl ) ( 3-
[00164] ettteytlénydbisy2-nmypieyiidaflo Frptrdinidre drindemy Bzironfion X31]

cycl otrinet hyl enesi |l yl bi s(2-net hyl i ndenyl ) zi rconi um
oy 192 . S
[00165] e?wé?r&bﬁﬁ%f@ﬂ-ér?e@?ﬁvrﬂev@eor-kﬁ@ﬁﬂwzegfewabﬁe»adi enyl) (2,
3,5- trinethyl cycl opentadi enyl)zirconiumX,,, 15

[00166] ctiBAdiRBls(2-isopropyl-4,5,6,7-tetrahydro-1-indenyl)zirconium X,,
cyclotrinethylenesilyl bis(tetranethyl cycl opent adi enyl)

zirconium X, ,, %00194] ) . .
[00167) egspheneta(&ibniil-th 8.7 AptEatrgro | indspEeiEcenimy Ko N- t er t - but y
lam do)titanium X, ,, [00195]

[00168] e%ﬁ%ﬁ% (99%&%4?5}5,'7%&%%}&mﬁ&enyl)ﬁfbg%%%%]ﬁﬁj

s(cycl opent enyl)zirconium X7,
bi s(n-butyl cycl opent adi enyl ) zi rconium X,,, [00198]
[00169] diinsthylsdlytdSyaT-tsteabggeont-insicaylygitceniugolium X, ,, 25
[ 00199] bis(etyl cycl opentadi enyl)zirconium X, ,,

. b s(1.s@-hut yl | @nyl)zirconium X ,,
(00170} %1%8%"5&5’2 %‘thgag‘?’ g&%g@é&ﬁ%ﬁc@ﬁ@dlﬁé’nyl )zirconiumX ,,

[ 00202] bi s(net hyl cycl opent adi enyl ) zi rconium X, ,, WO
[00171] 2REHDBLDS 5, PETabisR00b6IndedylRarconiBh XQ0203]

bi s(n- oxtyl eycl opent adi enyl ) zi rconium X,,, [002041

i S(.n= t.yl cycl opent adi enyl.) ziiy coni um X, ,, [00205]

[00172] CE%EW%‘S’@B%X%E%‘S%&%Y F’éﬁ‘%}ﬁ‘%’?i szonium X, ,, [ 00206]
bi s(trinmethylsilylcycl opentadi enyl)zirconiumX,,, 5

[00173] diRe&BTsklylbis(9-fluorenyl)zirconium Xy, _ _ _
bis(1,3-bis(trimethylsilyl)cyclopentadi enyl)zirconium
X’ N . . . :

[00174] dimethylsilylbis(1-indenyl)zirconium X,,

[00175] dimgthylsilylbis(2—methylindeny1)zirconium X
[00176] dimethylsilylbis(2-propylindenyl)zirconium X,
[00177] dimethylsilylbis(2-butylindenyl)zirconium X,,
[00178] diphenylsilylbis(2-methylindenyl)zirconium X,
[00179] diphenylsilylbis(Z—propylindenyl)zircor;ium X
[00180] diphenylsilylbis(2-butylindenyl)zirconium X,
[00181] dimethylgermylbis(2-methylindenyl)zirconium Xj

[00182] dimethylsilylbis(tetrahydroindenyl)zirconium X,
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[ 00208] bi s(1-ethyl-2-nethyl cycl opentadi enyl) zirconi um
X,,, [002091

whe@§asmihyl - 3- met hyl cycl opent adi enyl ) zi r coni uP€XUS2003/001708
[ 00210] bi s(pentanet hyl cyclqpent adi enyl ) zi rconi um X,
[00211] bi s(pentanet hyl cycl opent adi enyl ) zi rconi um X
[ 002121

[00183] I[dirﬁétﬁyl]BﬂSdbiSKteﬁaﬂBﬂlmcb’Ckbpérﬂﬁxﬁm}é)ﬁxemm)mz)i(,r, coni um X, ,
[00184] %gnftéblgligl? t}X: openmlenyll)&y ﬁuorgny%z?rg:lor% %ZI reonium X,

bi s(1-i sobutyl -3-net hyl cycl opent adi enyl ) zi rconi um X, ,
[00185] hﬁ@éﬁ;ﬁ]s11@5?&%&%@%@13(9%&&@%@&@%@@4 enyl ) zi rconi um

bi s(1, 3 butyl yécl opent adi enyl ) zi rconi um X, ,, 20
[00186] pud@aylpllﬂbss(mdm \zFseHyI Kdeny| ) zi r coni um X, , ,
[00218] bis(indenyl)zirconiumX, ,, [00219]

[00187] angal hi{Aghd sﬂﬁﬁ%ﬁa}étﬁﬁ%ﬁ}o@%ﬁ’%ﬂiwnﬂ)(%2(93%&9% cﬁéﬁ?‘;fl)zucomum Xa,

ent |eny
bls(n propylcyclopentadlenyl)hafnlun1X,,, [00222¥
[00188] sy slptettonefHydsnehibyl éntramiétbylpy glbpdntddienyR(cycloppatadieayl) zirconium X,
bi s(n- pentyl cycl opent adi enyl ) haf nium X, ,, WO

5/ 08 20 .(N- .
owr AR BT SRR R AR s x.
X ,, [002251
[00190] Q&sb(rﬁg%tg'glgﬁé%Ml(féﬁaﬂe&tﬁ%c}@m:admm@di enyl ] haf ni um
Is(tri t Sl
methyle%m&&%%& éHWI)IH‘Qf)g}?umyX, , y[ 002271
bi s(2-n-propylindenyl)hafniumX,,, 5 [00228]

L 9
[0o191] % F’él()%uﬁet?ﬂ%ééﬁ?g(ﬁE]szr%l%ggm%:d;c l?)%gor?tn g%lggﬁy% ) haf ni um X, ,
[ 00230]

[00192] iy edetrimethylepesiiyd(teiramethylexsdansptadicamd@ndsdy haf ni um X, ,
. 1 231 i 8(.:9-nr yl fl uorenyl) hafnilun X ,,

tnmeﬂ’[yg\d%g)ﬁmﬁble?@%?@ﬁ%% %F‘)‘Uor enyl )haf ium X, ,, [00233]

(9-n-propyl fluorenyl)(2-n-propylindenyl)hafniumX,,,

[00193] cyclotrimethylenesilylbis(tetramethylcyclopentadienyl)zirconium X,

[00194] dimethylsilyl(tetramethylcyclopentadieneyl)(N-tert-butylamido)titanium X,

[00195] bis(cyclopentadienyl)chromium Xp,

[00196] bis(cyclopentadienyl)zirconium X,,

[00197] bis(n-butylcyclopentadienyl)zirconium X,

[00198] bis(n-dodecyclcyclopentadienyl)zirconium X,,

[00199] bis(ethylcyclopentadienyl)zirconium X,

[00200] bis(iso-butylcyclopentadienyl)zirconium Xy,

[00201] bis(iso-propylcyclopentadienyl)zirconium X,

[00202] bis(methylcyclopentadienyl)zirconium Xy,
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[ 00234]
bi s(1- n- propyl - 2- et hyl cycl opent adi enyl ) haf ni um X, ,

WA 300508235 1 PCT/US2005/001708

(n-propyl cycl opent adi enyl ) (34-n- propyl - 3-n-but yl cycl ope

nt adi enyl ) hafnium X, ,, [00236]

di met hyl si |yl (tetranet hyl cycl opent adi enyl ) (cycl opr opyl
[00203] BiF(xploxiyldyalopeitadenyl)zifcoRiRBY X,

di met hyl si lyl (tetranet hyl eycl opent adi enyl ) (cycl obutyl a

jdo)titanium X, .., 20.[0023
[00204] 1S%€P?WV§V?I§’P?D{‘%41?IQ’$&“%W ppent adi enyl ) (cycl opent yl
amdo)titanium X, ,, [00239]

[00205] 9is(@§) Wy Ryt dpthtadieapiiktphiexckppent adi enyl ) (cycl ohexyl a
m do)titaniumX ,, 00240]
di met hyl silyl (tetranet hyl cycl opent adi enyl) (cycl ohept yl
[00206] éis(@i@)q){hxlam%@gﬂ%emadiwém}ﬁlimg Xn, v ey P
di met hyl si |l yl (tetranethyl cycl opent adi enyl ) (cycl ooctyl a

toozo7) B} S?rg?hﬂﬁ(gp?itp}d%&el??cgﬁe%?ﬁ%@%c opent adi }e(ﬁ’yl ) (cycl ononyl a

mdo)titaniumX,,, [00243] )
[00208] Bistbethyl-ithsthylcgeloperdadignyd)zorepemt 4di enyl ) (cycl odecyl a
m do)titanium X, ,, [00244]
L et il r tadi enyl ) (cycl oundecy
[00209] f’%ﬂf &Bﬁh?ﬂ%ﬁ%&?&oﬁﬁ%gﬁ%@f@%ﬁ PCT/ US2005/ 001708
-33 [00245]
[00210] Gistpétiythathi el ¢lopémadietiyircydimpént adi enyl ) (cycl ododecy
lam do)titanium X,,, [00246]

[00211]id|' m%rggrg%lx%&&%sé&g{%%g%%g&h&pfﬂt adi enyl ) (sec-butyl am

di met hyl si | yl (tetranet hyl cycl opent adi enyl ) (n- oct yl ani d
00212] Did( i {REBHB_Methyle et8dienyl)zirconium X,
[ ]di rgetlﬁgllb}gi |yl (tyetyl[r:%%et hyl cycl opent adilenyl ) (n-decyl am d
o)titanium X, ,

5 [ 00249 L
[00213] dn'isrfétmwtgl-ﬁyme(thélﬁycgweéw%%%%e nyl ) (n- oct adecyl

amdo)titaniumX,,, [002501
' di I I
oo SR S gocaamtppishmaer, e el (el oo

met hyl phenyl si |yl (tetranmet hyl cycl opent adi enyl ) (cycl obu
[00215]this@rprdpylt3-batylaymorentadieny jzpgoBipm Xo,
nmet hyl phenyl si |l yl (tetramet hyl cycl opent adi enyl ) (cycl ope

[002161%%;{11 B%§@+%c?(f%;#{%dép ?f%‘é‘%"%g%‘g% opent adi enyl ) (cycl ohe

xylam do)titanium X, ,, [00254]
(0021711616 Ay 1-pinssilyy 1 BidesryljzieonameXhy| cycl opent adi enyl ) (cycl ohe
ptylam do)titanium X, ,, [00255]

met hy| phenyl si.l yl(t et ranmet hyl cycl opent adi enyl ) (cycl ooc
00218} VPQW%%&%‘E%' n ., 15 [ 00256]
nmet hyl phenyl si |l yl (t et ramet hyl cycl opent adi enyl ) (cycl ono
k@Tnd@ytihdaRi)utchium X 00257]
[00219]nrrgt %ﬁnpﬁ%nyleg?rll)yl (tet rarrntLet hyl cycl opent adi enyl ) (cycl ode
cylam do)titanium X ,, 00258]
[002ZOWW%F?QWW§P¢%%%1@PP fyl cycl opent adi enyl ) (cycl oun
decyl ami do)titai uum X, ,,

[00221] bis(n-propylcyclopentadienylhafnium X,
[00222] bis(n-butylcyclopentadienyl)hafnium Xu,

[00223] bis(n-pentylcyclopentadienyDhafnium X,
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20 [00259]
nmet hyl phenyl sil yl (t etranet hyl cycl opent adi enyl ) (cycl odo

walewglosavudo) ti t ani um X, , [00260] PCT/US2005/001708

met hyl phenyl si |l yl (tetramet.lypl.cycl opent adi enyl ) (sec- but
ylam do)titanium X,, [00261]

met hyl phenyl si |yl (tetranethyl cycl opent adi enyl) (n-octyl
[00224] (RFp1dpY1 dytctopentd¥nyl)(n-pEPGRJopentadienyl)hafnium X,
met hyl phenyl sil yl (tetranet hyl cycl opent adi enyl ) (n-decyl

am do).ti tani, a2 00263 .
[00225] ]?fg‘t(%g}%lmg}y%lg'ﬁ@ﬂzcty@ OP%.‘P:%%’ﬁﬁl%W?lSB‘e%vadi enyl ) (n- oct ad

ecylam do)titanium X, ,, [00264]

whisphaRmyadilyy bidlepentaményyhafehapgnt adi enyl ) (cycl opr opyl
el it Spa [ 00265]

di phenyl si |yl (tetranmethyl cycl opentadi enyl ) (cycl obutyl a
[00227] pastiopirrersAindamyhainigg %605/ 082947 PCT/ US2005/ 001708

-34 [ 00266]
' i : hyl cycl opent adi enyl ) (cycl opent yl
ooy SLERSIABLLUbgiaRRLfy) oyl opent adtery!) (cycl openty

di phenyl sil yl (tetranet hyl cycl opent adi enyl ) (cycl ohexyl a
[00229] dindethylstlglhis(mpopylcyclopemtadEnyDhatnium X,
di phenyl silyl (tetranethyl cycl opent adi enyl ) (cycl oheptyl

[00230] g%%%%i@%ﬁ%—ﬂé}yg@% %8@?%?%%%%?1 a%?’e nyl) (cycl ooctyl a

mdo)titaniumX,,, 5 [00270]
[00231] Bisphamrbpylfiybiehehhafniemhith,cycl opent adi enyl ) (cycl ononyl a
mdo)titaniumX,,, [00271]

[00232] ﬂ#s@%%%@h:uﬁ' &Sﬁgﬁ% y#gﬁ/cl opent adi enyl ) (cycl odecyl a

di phenyl sil yl (tetranet hyl cycl opent adi enyl ) (cycl oundecy

[00233] gfﬂﬂ-ﬁi@b liﬂ!il@fﬁ.n?’m2xn-apr0}fﬂy®inﬁaﬁamfnium Xa,
i phenyl silyl (tetranethyl cycl opent adi enyl ) (cycl ododecy
| am do)titani um X

, 00274].. ...
[00234] h»iiq&h@wpﬁyh-mqt@tl?%ﬂa%%%dmb%@maﬁne nyl ) (sec- butyl am
ido)titanium X,,, [00275]

[00235] gﬁbﬁ?@ﬁ{:ﬁ%ﬁ)@h{aﬁ%ﬁ8%%2;}%&&@-%@6&@61@%&%@1%3&%@
di ph I silyl(tet t hyl I t adi I -d id

00236 SRt i tame bR brEyeny Doy clopropyanid ) Hiatiurt X
di phenyl silyl (tetranet hyl cycl opent adi enyl ) (n-oct adecyl

o LU e AR S REg B Y e
substitution or ring formation as described 20 above;

[00238] @lithettyl§iigt(teteum etlryleyobqpeatadivant) (cytloppratylesida)titapiung Ep,
Zr, Ti or H) with an atom selected fromthe group

onzso et ot St Ay Dty RBE BB B

C6 to C10 alkylaryls, fluorine or chlorine; nis 1, 2

[00240) Aim3thyl #5288 antdthyley depeneiipsngt) ey cidhaptytahedajeitaaium &ane
cat al ysts conponents descri bed above include their

structural or optical or enanii onﬁ)roictcyle{msﬁo LS r%{:em' c
ns

[00241] @i%y&i@yl@ﬁ@%};ylg@l@%ny )(cyc anitm

[00242] dimethylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium X
[00243] dimethylsilyl(tetramethylcyclopentadienyl)(cyclodecylamido)titanium X,

[00244] dimethylsilyl(tetramethylcyclopentadienyl)(cycloundecylamido)titanium X
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25 enantioner in one enbodi nent. [00281] As used
herein, a single, bridged, asymmetrically substituted

woredoalobeene cat al yst conponent havi ng a racep@€T/US2005/001708

and/ or meso i somer does nqQtzz.itself, constitute at

| east two different bridged, netall ocene catal yst

conponents. WO 2005/ 082947 PCT/ US2005/ 001708 - 35
[00245] c{iﬁh@&&aﬁlyT@axéhmhﬂbydolmmcﬁmyzh)(wOdodnmmldp)titma‘ym X

conpri se any conbination of any "enbodi nment"”

on2se) GefRgBSehTIs bR T ReS e RO i R R X

used herein, the term 5 "activator" is deflned to be
[00247] d’iﬁbétk%q§'IBQGt@t@'arﬁéthfil@?&lbﬁb’iﬁacﬁéhﬂ)‘(nib@tymamﬂddmtamwmpq,r;t ed or
unsupported, whi ch can activate a Si ngl e-site catal yst
conpound & al | ocepes, non- l.ocen
[00248] @imethylsidyl htra;@etbylcwleawﬁberbﬂX%ﬁi%ﬂ?’@l URRYE Xp:0m t he
cat al yst conponent. [002841 In certain enbodi ments,

[00249] c‘ﬁh{e@lts %(t@ﬁ’ﬁrﬁ%tﬁglcg 5&&%&}@%@{3@1@&5&%&1@%@@ X,

yst activator, herein sinply

referred to as an actlvator 1y,
[00250] mnmglplwylsil@l(teltremaﬂsfﬂqy&@ﬁ@fﬁd@ﬂylg&w]éﬁ@w’@ﬁéd@)@ﬁ‘@i% Xo,
group (X group in the fornul as/structures above) from

oosn il TR Renti o R S SRR i PR e
activated towards ol efin poI ymeri zation usi né:]q)such

[00252] ARiliy¥BlhaiyisilyFrinadietsityslafenadrny) Gytiopentplemidaittanine Xo,
Lew s aci ds such as cyclic or oligomeric

o B R A SRRSO B .

"1 onizing actlvators or "stoichionetric

[00254] ﬁﬁ?ﬂy‘lﬁh&{y%ﬂ)yl t&fan%?ﬂyl?d@enfa@mw(@’ctohalbtylaand@)umnm Xa,
neutral rret aI ocene 15 cat al yst corrponent to a
nmet al | ocene cation that .is activ ct..to
[00255] oiedfyilnhesilsibidistmamatrcyclorsatagiepy Yé Oﬁa?yf%"@g?)é‘m}“m Ko
is wthin the scope of this invention to use Lewi s
yetchin SitddlienyD Y ononfeslidd)g@nium X,
[00256] %} k}ﬂégﬁ&gh%@(getﬁi Tl Bé‘A%qc))I( anaengl)kyl al umﬂﬁﬁm )
conpounds as activators, and/or ioni zi ng actjvators
[00257] ureghgtlphenydsilyil Getiasdetiyleyelepentadionyh) (G5 asts ?Xlﬁl}léj%ﬁmﬁm Xns

t et r aki s( pent af | uor ophenyl ) boron and/or a

tri e n ium X,
e R g

and other alum num based activators are well known in
(00259] tni@hyliphenylsitil@étrgnethyleyebpamgadiery Diedlodedesstamido)tianium Xo,

art and are described by, for exanple, Eugene You-Xi an

e SRy R Bl el SO e gpom

Activation Processes, and Structure- Activity

[00261] ?g%g%%&@gﬂbm&&@&ﬁ&hy@ﬁ%@édim(E-\ABtylzﬁﬁiﬂe)madum X,

e activators may be

[00262] methylphenylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titanium Xis
[00263] methylphenylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titanium Xns
[00264] diphenylsilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium Xns

[00265] diphenylsilyl(tetramethylcyclopentadienyl)(cyclobutylamido)titanium X,
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25 associated with or bound to a support, either in
association with the catal yst conponent (e.g.,
woreaoalobeene) or separate fromthe catal yst coP@QDDSI05/001708
such as described by Gegaryy G H atky, Heterogeneous
Single-Site Catalysts for Oefin Polynmerizati on 100(4)
CHEM CAL REVI EWS 1347-1374 (2000). WO 2005/ 082947
[00266] ﬂi@liéﬁﬁﬁﬂ)ﬁ&é@ﬁﬂaﬁﬁlcyelaﬁer{tma%j(cﬁﬂ@eaty]mnﬂuhtamtmﬂ Xn,

al kyl al um nunt') actlvator nay be descri bed by the

e ro p
(002671 é@hgméﬁlﬂsﬂg}e%ameﬁ@%c ep iyl it &
hal ogen (chlorine, fluorine, bromne) C6 to C20 aryls,
[00268] @Bh%ﬂyl@ﬁ(t@ﬂriﬁﬁétﬁﬂé aop@ﬂ&hl&iyn(@y [ptyaamidabthyﬂliam X
Imting exanples of alum num al kyl conpounds
mhlch may be utiljzed as _actjvators for.the catalyst
[00269] diphenylsidyl(tebaperiigyclppentadignylKcyeocRd REIPERIYTH &,
present invention include trimethylal um num
fb#lamido)titanium X,
[00270] ?ﬁhﬁe’h%ﬂ%ﬂé%m 102.]51% &Rwéﬂ%ﬁg%| A amidoitanium X,
i ke. [00287] Exanpl es of neutral ionizing activators
[00271] dm&iensdlsﬂﬂtotwnmylcyclop@rbsdmmd)(ezpleféﬁmmdcgtltanﬁnn Xn,
partlcular tri-substituted boron, tellurium

II| i-
R e DT
i ndependent |y selected fromal kyls, al kenyls,
[00273] AEdREeRily§hamithytogdoptiydisnylxicytledodrrylamadd)titsium Xy,
al koxy and halides. In one 10 enbodi nent, the three
[ Qups

ornn GBS RSP T Ealy PR o

al kyl's, and al kenyl conpounds and m xtures thereof. In

[00275] ﬂﬁ%eﬂ?fsﬂ?mﬁgin%ﬁleyclob@ntb@kﬁﬂ)@Kdvﬂj?JSmﬁIOQtlﬁﬁiuﬁCKgd from

enyl groups having 1 to 20 carbon atons, aIkyI
groups_having 1 to 20 carbon ro
[00276] idmhqnglsﬂyk(tsttrzme@w#qyelvps%ﬁ@nylg@odw %af?ﬁg“ﬂ ing 3
to 20 carbon atons (i ncluding substltuted aryls), and

[00277] %ﬁéﬁgpﬂﬂﬁl fé%ra&ésl‘fyﬂﬁk e?tgg{ég%l§¢n-wﬁeegy medd) A ehinfEn K,

group romal kyls having 1 to
car bon groups, phenyl, naphthyl and m xtures
[00278]tahdrdeufvatwe|s tlyeart:ofanot her enbodi ment, the three groups
are selected from highly hal ogenated al kyls having 1

[00279] h&%@ h Flg,r?{?g gl?1 %’oq‘s itk 91?6%@(1} aﬁ?l RgiddoP Bﬁﬁ %ﬁnatﬁ)'ﬂdas described

ed naph S an m Xt ures thereof
above; aRtGh &)}(rtlch&k agplasdrecht of Ithe mstah‘étﬂﬁ’it(Ct Ht Taor Hoasith Etm%om selected

‘of the hydr ogens _are r hal oge p 2
from theegrSpEAIHFEHE P Gording! 2 EEE el < g&i’é‘? with any of
I ORI 1, 1J§@a u SHcRidrihe OB 1,12C0r 3.
Cito r}t(i)l%ag‘t%r s’ dz316tr|1 af “??u{l‘ré@&‘ﬁné oup 13 corrpounolf

conpr|S|ng highly fluorided aryl groups, the groups
[00280]Heiis gottemplayed thabthiedeetaPheang| catahysth FefAPynents daspked above include

their strugpurrﬁyor %p’uca‘f or enantiomeric isomers (racemic mixture), and may be a pure

enantiomer in one embodiment.

[00281] As used herein, a single, bridged, asymmetrically substituted metallocene catalyst
component having a racemic and/or meso isomer does not, itself, constitute at least two

different bridged, metallocene catalyst components.
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[00288] I n another enbodinent, the neutra
tri-substituted G oup 13 conpounds are boron
W@ w0829t such as a trisperfluorophenyl boronPCT/US2005/001708

tri sperfluoronapht hyl borggs_tris(B,S 25

di (trifluoronethyl)phenyl)boron,

tris(di-t-butylnmethylsilyl)perfluorophenyl boron, and
[00282] THeh€metdliogdnley cdthlyt i caahpshent™ s@ayy | doormise c aupp conttsnativg of any
w conbi nations thereof, and their alum num equivalents.
embodimpenir deseriked B heut ral i oni zi ng activators are

described in US 6,399,532 Bl, US 6,268,445 B1, and in
Activat ORGANOVETALLI CS 3332-3337 (2000), and in 17

NOVETALLI CS 3996-4003 (1998). WD 2005/ 082947

PCT/ US2005/ 001708 -37 [00289] Illustrative, not )

[00283] Thendatalysy Systerrplays alse indudeconendt BPIeACVEiorat AF Esqdhareinethe term

we e Ltrpial - 1S titut [ 15 Su

st B R, BaBITRE PafBUED Bpounce, spponcd o

unsuppdrRUl hihest hibmae,a siniglesiteutathlysimompound (e.g., metallocenes, non-
tetra(phenyl)boron, trinethyl amon umfletr (y ;

metallogeppseiorsh, s PY EREACAARIORF GRFOER Handbs SRS tsgmppnent
tributyl ammoni um tetra(pentafluorophenyl)boron,

[00284] ft:n{ {:eg%?f;?ﬂqﬁm%@[neﬁtﬁy 8 Both- i ety phepupbBetOfaay be contacted

amoni um tetra(m m di met hyl phenyl ) bor on, .
with a datalysttaytivatorphéreim siepls rptetred 1o gs an “activator.” Typically, this involves

oo e AT AT P P I By g oo o

the methiEdenet Of iRl datalya@ rcdmment MEhd ¢adialystNombinahts yoif the present invention
aniliniumsalts such as N, N dineth Ianiliniu]gﬂ . h
are thug astivaiep ey g]@ﬁ@hpolb(r’mqr@@tgnhgql% sychactiyators. Embodiments of suc

. tetr n raQna. N - b T .
o EPHETA 0, g AL g e
and soSédlked ﬁdiﬁdfbo]?élﬁnﬁing gdcssi&plbgsp)(‘l‘l}]@mﬁ) rflallqlsnnﬁtely, | “jonizing activators” or

tetra(penta L,Joropnen or on, | cl ohex nj
“stoichipReRi FIEAPFS boPo AR ORIH T G FORSTOD AL tetllocene
catalysttscé%b@{lér& td Eﬂegﬁ'@cteﬁ% catNthASs hédRheAY kpedienblefin polymerization.

eny oron and tri phenyl carboni um
tetra(pentafl uorophenyl)boron; and triaryl . h
[00285] Pie phsicilany silis swishishthescene ety inyBaMh i Paf-ewis acids such as
tetra(phe oron,..trip 0 oNk« » levlalumi
alumoxpRg r@éen%@ﬁm q%ﬁ?fi ) %ﬁé{{}ﬁﬁ WRMHBAOY, and alkyla um-mum
compotrlds ( 58 tabtivAse N hiindiosatiging umotivators ((abemsll pbdpuie) such as tr (n-

tri (dinethyl phenyl ) phosphoni um tetr henyl.) bor on and
butyl)amm@numke,tetéakgs(neﬁ%ﬁzlu@m%qyb‘ﬁ@f% u?fti%glg n?s?{f%@ffl{i‘&fﬁﬁ yl boron
metallolliﬂ ﬁ&ﬂns@ﬁo{ogg&'vﬁk% f&faéFi?Mé HtalldtenACHEtaAbed Hefeih.NEMAO and other

ention, a um num can be used in _
aluminG@riasRtadiontow aré vee hietavroythe ay. donipivgrigtivaters are well known in the

e an SSRUEL o EOTBRUREL TSR Ko, CHGER: 208 LM Bosccs
for MeleMa‘?&?z@d%l@ﬁh P IPmerization: Activators, Activation Processes, and Structure-
Activity Relationships 100(4) CHEMICAL REVIEWS 1391-1434 (2000). The activators may be
associated with or bound to a support, either in association with the catalyst component (e.g.,
metallocene) or separate from the catalyst component, such as described by Gregory G. Hlatky,
Heterogeneous Single-Site Catalysts for Olefin Polymerization 100(4) CHEMICAL REVIEWS
1347-1374 (2000).
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particul ar enbodi nent. The heterocyclic conpound

includes 4 or nore ring nenbers in one 20 enbodi nent,
w@r@sHsmu7 nore ring nenbers in another enbodi MeET/US2005/001708

[ 00291] The heterocyclic cggpound for use as an

activator with an al kyl al um num may be wunsubstituted

or substituted with one or a conbi nation of

[00286] Embsluhﬁmemtallgyloﬁ‘p&ylmahmhéé asfivatgyy imaa/bb@ destriheidt bpe thes formula
i.ncl.u hal al ken

AR, wigesib g Firden st oy SERRBRE 1Y ko aliBle E I g ko,

halogenadcﬁbéhné afghGes, br@ﬁlﬂe)r@g,dlt& @,s ary':l§ 0&’7 6 athis CPﬂaryw kadyC; to Cos
radi cal’s, 25 aryloxy radicals, alkylthio radicals,

arylalkythi. aNlleJamﬁmg) examiplea] of aluicasy @Mb@ﬁglpo%, Wwhich, may be utilized as
actlvatog:%aﬁlg ﬁ}l/%?g;{ u%s%g §1%| | CgF)P 00 ¥1|t & ﬁfé:'tl?cf&szyf ﬂ?% ér)ééent invention

anny acy oXY

include @@Mkﬂiﬂ]aﬁﬁmﬁﬂﬁﬁ Qﬁbﬁylaﬁtrﬂi}ﬂhﬂ)mtﬁﬁobw:szﬂahmhmumsttnal-kyshdylalummum tri-
branched or cyclic, alkylene radicals, or any

n-octylefummpmcanddhe Bker eof . The substituents groups may al so

be substituted with hal ogens, particularly fluorine

tilfudel GRUPB 08RO d
[00287) %%% O%O%ﬁ%%gﬁﬁé g%ﬁ/[a%% ISIon Iulpm t |lng exanpl e;n pounds, in

particulaf tmsubammcbd:orembtstlumummabmlnumu ¢ellivn apdl | indippy fcompounds, and

mlxture&}l&e{) %qfextt"lljt %5%% E@T glfenb I%Qre@% agr}er g%cglsﬁlg, nﬁé)%éﬁhﬂY .s?(Iected from alkyls,

alkenyld NRAIYEEH) gsﬁbiltdté'tﬁl dlkylb,s QiEE,S arflRdlidexanitoxyt endi hatl;des In one

butyl, isopropyl, and the like. Oh exaﬁples I
embodimanys thet (heast groups @rwéemnsiéméhé%lﬁsiﬁd %fqnu & g?lhylrlono or multicyclic

b y h O @R8RE thereof, I
gAY, ALSHEOD o SNSRI ot 1
anotheriesnbodEndIs, the Whed gréupsanetélected ﬁo&nﬂkdmyf@mupsriavmg htq 20 carbon

positions on the terocycl i C ound are .su eb "
atoms, @],ky]hgrgupsnlg}vgﬁlll g+ rﬁag?onaatﬂlgpoaggqr;pyagrgﬁp% h%\flgg WafSon atoms
and ary? ﬁgd‘bg s haPihg %ngTEb RafbolaliQee '@ﬁ‘i%ﬁﬂlr%r éﬂbsﬁﬁl%dparylsﬁl arﬂﬂﬁbmbmaﬁons

I ment th al ogen 1s sel ect from chl orine,
thereofbrimyenenailm drhbmtimnet, tamthrere proupe dref sebeted frasy alkgls haying 1 to 4

carbon E{cglghn Iny a9n tﬂgf;]%qcﬂb odi fest i}%rl %Qd t?%ﬁbﬁ:g%ﬁalﬂoﬁlment the three

groups M?@ sEl'eE@eH'fﬁﬁneK@HEfl ﬁﬁlo@éndw a9ty hhvisig conpourdson groups, highly
lized in the activator of the _inv mlonlg}ﬁff‘@g “hioh]
haloger@mdsphthe@n@dughlﬁshné@gqn@@de@pbmﬂ% MIXFYTeEs; By “highly
halogerg% 3 6? %feaﬁ)cy 9 Ln! fégfte O()/Q%Eenyhddrggé‘is ! 'fééi"l&%d by a 1h1§1/1|0gen group
selectecp}ffdrm ﬂ?@ormB cﬂﬂm‘ir&f b riapindmey |  fny yeto Iaaother embod1ment the neutral
5,6, 7- tetrafluoro ndol di fl uor,o rroles
soichiqriigHO BT OTole? SIBRIITERY CTPHE et BPRge SRR B RYy fluorided
S faldfdeahatpht
ot S AR ERENE i PIBIBSE i It B

upon reaction with a catalyst conponent, for exanpl e
[00288] n meDtiEt codndimentothec Beuteah tBictbyiEuisd| Gratm 3atqogppounds are boron

compog}aigylsﬁcﬁh rﬁano rlf,;ﬁegﬁl&o& e&?e%? n?%{gﬁ aqglﬂfen?ﬂﬁncﬁghﬁahthyl boron, tris(3,5-
di(trifluoromethyl)phenyl)boron, tr1s(dl-t-butylmethyls11y1)perﬂuoropheny1boron, and other
highly fluorinated trisarylboron compounds and combinations thereof, and their aluminum
equivalents. Other suitable neutral ionizing activators are described in US 6,399,532 B1, US
6,268,445 B1, and in 19 ORGANOMETALLICS 3332-3337 (2000), and in 17 ORGANOMETALLICS
3996-4003 (1998).
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triethylalumnum triisobutylal um num
tri-n-hexylalum num tri-n-octylalumnum tri-iso-
w@edaoglosdowmi num tri phenyl al um num and conbi naPCDNS2005/001708
thereof. 20 [00296] O her _agtivators include those
described in WD 98/ 07515 such as tris (2, 2, 2"-
nonaf | uor obi phenyl ) fluoroal um nate. Conbi nati ons of
[00289] Rluktratiep risot ahmltai@ @xgoplesnpf aieit byniving activegorsi oelude trialkyl-

for exa xanes and ionizin ators.in .
substtoi TG Rl RS FRER GRS A D DPQHH e BY gRmonium
S d thigth#@smmonium t -
tetra(ph&gﬁ?ﬂog(?&ﬁ trlt(ﬁza:hf}ma%{/rgérgtﬁgs @&fd(?l@e% BBodAd trigfthy@Smmonium tetra(p
tolyl)bofch, 2' - bi $ptmethylanthoniiuret hy| sitdtta&@'tcé)’lt)hﬂpn, si | yl friftylammonium

nation_.w th 2 coo [

ratoe§ PRt ERn. aelFRaRatal SorEda A e otenspborn
trlbutylé&ﬁinﬂﬁuﬁ‘rﬁdl abir&lth, m-@&hetiyl sherfBbboal oxﬂrﬂb&tylalnmoﬁnnku hetetra(p-trl-
i ke are al so contenpl ated as activatin q}ods {)1
ﬂuororrxeﬂezlph@aﬂ;‘m@@ of tm@mémmfgnwﬁe ndaAeantT eyl tri(n-
a C -
butyDafFoBlle? SEBFa ot Pdih A She 49 AROaflcyl ARG M% G0t 25 NN
dlmethﬁﬁm}dﬂiﬁm ztemagplcdngr)bmn o bédlet}grdatmlwmhmr setm(phmlmbd@nf A¥,N-2,4,6-

pentmg@%éﬁmrt%ra%@})kg and Q,aﬁlﬁﬁ%'tl ye%gnéa%%¥%gszsuch as di-

dmand 5, 849, e%ﬁtﬂiﬁﬁlo bexdr,/S. WO dicyclohexylammonium
Gsoprogy R ERenT" o ) BERGRERTEMoptenTt (002071 In general,

tetra(phehﬁ)lmbm wat the linpitriay ahghomiv splim@nty] sgltsh sechcasripiphenylcarbonium
e rati

{ { t
tetra(p}?epg%)o_f%o aTdt (}ngﬂqpy c%rblgxlgm?l: §®gﬁ@h¥8}?ﬁ%{mﬂ%§n L haenrd triaryl
phosphSﬁ'fﬁQld §d18 Nduch a8 %Ph&f?lpl@ 9pHorI1@mlteﬂranlhe1yﬁ)boamnt tiiphenylphosphonium

mbodi ment, and from50:1 to 1:1 in yet  another b
tetra(p@tﬁtfblorqmﬁm}’l)@m,f rom tg;(;ngthy&pl@ngl)ghqslah%?ma not histra(phenylboron,

trl(dlm%tﬁglgg?@gimsp%ﬁ%ﬂ {argggﬂelgﬁflggqrgn 1and Ne¥elik@NOSALT their aluminum

erein a e range may I ncl ude any

equivale@®bi nation of any upper nmole ratio limt wth any
lower mole ratio limt described herein. \Wen the
activator is.a C of

[00290] Ié’é |y9t( We@j @g}bgg}r%efq}ﬁ? H&n?%t}(v gmg EE énventlmd.n) alkylﬁluminum can be

hQvied a HRErbMRLO o@aaalmthaammmommgﬂsmcludes at
used H{f‘[%r& 20%% tol 180 ) é/yi%ll r?ogﬁ)e enbodi nent, and fr

least ofié nitrdgen,1@Xygow.: 'cmd/qr ot oM oatsh HICHSSE | at deagt PR ﬁqtgﬁge& atom in a
partlcukgtep\}agglgr}elqtl %5%% agco lrfce rco gﬁ?@d Iffgcﬂl.ltldzels #\é&glgﬁtol}é\jgn% members in one
embodﬁfﬂé‘rﬁ A9 Saorti%x@ﬁhr@rhéihbeamﬁa hrlit&hctrmmliodlmahtt of a boron

alkyl, the nole ratio of activator to catalyst
[00291] éfhgpogq r][%gitw cr 1%2‘?931?1?% f@Lro l;_ss{: éasggri %gthva)t,cgt wgh o gﬁylalummum may be
unsubs?ﬂﬁgcij F‘Eﬁ‘ésmé&{ @MthD&{e' 89 aRER0RAIdnOOR Slstifieyit groups Examples of

-dr nown in the art may be used.
sultablemabq]itmntsau&ludbdtﬂlmges,pa]wl. alkenyl or alkynyl radicals, cycloalkyl radicals,

aryl radicals, aryl substituted alkyl radicals, acyl radicals, aroyl radicals, alkoxy radicals,
aryloxy radicals, alkylthio radicals, dialkylamino radicals, alkoxycarbonyl radicals,
aryloxycarbonyl radicals, carbomoyl radicals, alkyl- or dialkyl- carbamoyl radicals, acyloxy
radicals, acylamino radicals, aroylamino radicals, straight, branched or cyclic, alkylene
radicals, or any combination thereof. The substituents groups may also be substituted with

halogens, particularly fluorine or bromine, heteroatoms or the like.
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dryi ng nethod conprises atom zing a sol ution,
suspension or dispersion of the catalyst and/or the
wa@edoswsa9eT , optionally together with a filler, Penus2005/001708
optionally with heating ofsg he solution, 15
suspensi on or dispersion. Atom zation is preferably
done by passing the slurry through the atom zer
[00292] N@ghftiarg axatipleaof hwlrocartio;l |snlgﬁt1gm1¢s inclade nmt]@elsethmh, ptropyl, butyl,

pentyl, Wﬁﬂ‘gg‘g&%‘%’% V(S’Gg}]ilg le yg aléﬂ ﬁ%ﬁci%}/eilﬂ(e 1nc'1uc§ng all their

isomers af’o? r@xéﬂn@& RA%BE %u {, iBopr6S YL fabll HH@'thl gbthep eLsinplies ©f Gabstituents
ed to effect atom zation, whereby there is

include ﬂu@amethya fluspresiyyl hifluorepilayhiiodprsepyds bremohsxyfor chlorobenzyl.

m xture. The volunetric flow of drying gas, if used,

o 37 LG GBhioE SBE HEEERLHL Caragis Mabummkits, ot

embodiBBEl Oe SF ANGE qidsﬁiﬁm@font e Iheﬂmo@ched:lompouﬂi dire aﬂubkt;tuted with a

the drying gas is heated to a as hi
halogensaSou{Or ROBRDE e SOPRUIAS Ao A0 FORMEE 4 Rogri syt sroup. In

one eml;b%ﬂﬁ%(rﬁrthe h 1%%&1% se\fégtéﬁﬁﬁ&ﬁl' (f}ﬂcgllufewbﬁfml% )ﬁh&' QluGﬁﬁe iafid selected from
ai ne a ver evel , it is possible to
fluorincenml dyonhiawen amehep@nrd:todnaent Andnthe shdlegenpise Suories infyet another
b dfrom about 1 psig to 200 psig are suitable. Some 25
embodiggBlny| es of suitabl e spray-dryi ng nethods incl ude
those disclosed in U S. Pat. Nos. 5,290, 745,
[00294] ﬁoﬁ-@%nﬁﬂ%exémﬁl%@ , F6Beterde AR, COMPotndBOGtilizEe, ith tBOGCBEor of the
029. [00299] Figure 1 is a schenatic
inventianencbise m@sﬁtg@doerndanm@kwme&r PYBReny IRiFGEHES: dppareltsy Pyrrolines,
ef erri.n e e r
oo e RS s, SAEL IS ey,

pentaﬂdb)‘orﬂleﬁﬂrp}@ﬁo@d t4;5(;6 pstiBordAsddlher Aidxdiflueropyselss. t hr ough
nozzle F, it is mxed with WD 2005/082947

PCT/ US2 /001708 -40 atom zi n i ' .
on29s) s Smpyrimetse ettt casibofd Yep bR s Spblhed with an
alkylalumﬁﬂﬁﬁsért ArPumbRiR th3AEBAnl Aetivifr @bﬁipBGn@h&ﬂélﬁrup&llrSacuon with a
en dried in the presence of bath nitro ch
catalystecringpaient; efoxdcgamrge ehasipBecene, perdycesaan -pﬁgve) Qplfymerlzatmn catalyst.

nitrogen b th | hea ef ent
Non-lingiting ;~ - FXample Cglblf §ge| ?lﬁglghl%{cﬁ@lﬁgt e?{cguac%ea tﬁfn‘eﬂﬂ'lalummum
trlethylﬂﬁmi’&ﬁht |tﬁﬂ?lﬁftﬂamﬁim@ﬁl rtﬁil-lli-&dxylalutﬂlﬂumnl ﬂrr—m@etyleflhmmum tri-iso-

drop _into oversize co ect ion pot. H The remai nder
Octylalmlwetf&&ﬁw@&lmm%rﬁﬁ@@mb%a wonthereRds t hrough chanber

outlet I into the cyclone separator J, where the 5

[00296] ?ﬁﬁér' SIS Rl & gs& %m%eh' MwWe 98/ Gach fak s @, 2, 2"

as stream and dropped into a renovabl e product
nonaﬂwﬂb‘dl}ﬁitehyb flupotalushingteo Gomtivstiansef polivajors@re glae eentemplated by the

cat st osition i recovered, T
inventif 0 S PROR AL TR o alorn ) EnBLRPES, Oy activator
includeS YRS @bordPicBinpMxes, perchlorates, perlodates and iodates including their
hydrates; lithium (2,2'-bisphenyl-ditrimethylsilicate)-4 THEF; silylium salts in combination with

a non-coordinating compatible anion. Also, methods of activation such as using radiation,
electro-chemical oxidation, and the like are also contemplated as activating methods for the
purposes of rendering the neutral bulky ligand metallocene-type catalyst compbund or
precursor to a bulky ligand metallocene-type cation capable of polymerizing olefins. Other
activators or methods for activating a bulky ligand metallocene-type catalyst compound are
described in for example, US 5,849,852, 5,859,653 and 5,869,723 and WO 98/32775.
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[ 00300] Another type of suitable spray-drying nethod
includes formng a liquid mxture of a 10 nonvol atile
worios/osmks fraction, a solvent fraction and atPtBHS1005/001708
one conpressed fluid;, and 3gpraying the liquid mxture

at a tenperature and pressure that gives a
substantially deconpressive spray by passing the
[00297] B gdnetady fhisr autightonnndrdafalyse compmnamt(sénarer@mmmd in mole ratios of

actlvatoz\l;é%ggixsfc ];:ginpgggr{{n%nlﬁef (Edp tga{)rtl Islg :Jaé]?t ﬁs b%gﬁ %I itl in another
embodn? e amd ? (o P5B1 td2: I[Qp%]a]noﬁiér%@iﬂibﬂhhé}ﬁ hihe fivhz 60Qfto 1:1 in yet

ices of the atom zer enpl oyed durin
another&pfoaghnuhnylamg fram 104 tO;ﬂoﬁsl;ﬂle’et mﬂmtemb@dpa@ rtj gndeom 3:1 to 0.3:1

ir e ver.age c
in yet @O%FE E@ﬁ% 1 \?%erngqui %1 %a%igg nné eln%l yL gﬁ@c?’ﬁﬁn of any
upper nloRCAUE ligHt %[tﬁlih v PHEAY ratio)img cﬁ@d‘ﬂh@ﬂt‘tﬂeml Whelethe activator is a
decar boxyl at ed yg}/ heati ng, the part [

cyclic off sheaewit PAC: Oqadfty alygginugn gegade); (e ¥ zohffégsbzﬁ?’ewle ratio of
t k fr

activatog g%ﬁgﬁ%f) E&ﬁﬁ&@h Fr' ﬂ{ 2\’1’25683?%% @O% 2%5 odfreloer%ls&hﬁteﬁe and from

10:1 to S0j06€que ahothed @mmdlmamu, ami, froen5Gé te &;ﬂO@ylenll et appber embodiment.

fill er. Such materials., can be .organi baor
When tippetigios 1 ARERRY 01 {OHE dRFDRAFITT Such fioh EPREGRYand the fonic
E4tAlysh RxipdRentzbigesddml@,5:1 to 10:1
salt of asl‘l’({rb&@k?'g%%%degh%ibfge%%&gg?ﬁbongll?’ Fl}jr?e?d hyd%bophobl c
in one mﬂddunentsaqdrfecﬁmrlrlem Db anyet enpther pphedigent gh vi scosi ty
to the slurry and good strength to the spray- dried
arti i’l es. For exanple, Gasil TM or Cabosl| TM nay be
—L—Y—ES ray Jedne I¥ocessarticul ate material 25 enpl oyed as filler
shoul d have an average particle size no greater than

[00298] 201y By QiFpingrBethodkedvar abthy antomgy banerd. Fla pxangple, a suitable spray-
m croneters. The particul.ate materi

drying fpiefhodrcogHBig e AlOBZIRg 9, sokutlgn, sqspgrésuzﬂ; oraﬁngergég of %]?e catalyst and/or
the aCtEV%% gétlo‘%ldl t%% @ithlaeﬁlléts AHaebsicpally veittp |h@¥t@1@§ bd the solution,

y suit for spray-drying, |
suspenﬁbml lof Wisporsica. nAttgmzamml fS| prb&ﬁablﬁ done hyppaseings the rsgﬁpothrough the

atomlzp%:pgqigéo@& %ﬁg%i&lgg %ggg:ec é\ﬁgavs\&l/l%% ?s/ %@&Qa;crﬁg? undeg the conditions
emplo%ﬁoﬁﬁrﬁﬁo%nﬁzaﬁloﬁe kGEH bs MitryEirgfiér txamjiout AhOammlzmgt nozzle or a
When spray-dried, such sl urr 'il % %é ted a
centrifues bightspocshidiah st Dpempioseddo S ERIAI ofie POy Tl i ore
spray ?fe‘?lé%eﬁnﬁlg%g%@é?f’qﬁ? Orfpr egleﬁ’t’ﬁ%ﬁceﬁtfheb‘)’olﬂiﬁéﬁﬁtﬂéﬁ ARYng ks, if used,

rom about 10 tper cent
preferéBYy Yéristlafabt JOe;adeedﬁ thd GJoIl&llemmtﬂdw omegfﬁtm‘y T¢1 effect atomization of the
spray-drie

catal ys rticles pr
slurry mgd{ﬁé,evmp‘g@ttoaq p lileaixgle éléllnagg hg @r g g?s %s heated to a

%ﬂéﬂ tEf60eE aﬁ@iﬁ%atgoa@omfﬂaﬁéﬂ BEttRE Slurry; however if the
telmpel%re era Q’Jf ?g%&a out i)o m croneters to about 30

voluméic Iibmacbfedrymg@a?m mamtdinest 4t @nv ey déghslevel, it is possible to employ lower

temperatures. Atomization pressures of from about 1 psig to 200 psig are suitable. Some
examples of suitable spray-drying methods include those disclosed in U.S. Pat. Nos. 5,290,745,
5,652,314, 4,376,062, 4,728,705, 5,604,172, 5,306,350 and 4,638,029.

[00299] Figure 1 is a schematic representation of an exemplary spray-drying apparatus.
Referring to Figure 1, each mixture is drawn through silicone tubing from a reservoir attached

at point C by a peristaltic pump D. As the mixture passes through nozzle F, it is mixed with
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[00304] The spray dried catalyst is suitable for use

in any prepolynerization and/or polynerization
w@e@ses®4nDver a wi de range of tenperatures andPCT/US2005/001708

pressures. The tenperatureg. may be in the range of

from-60C to about 280C, preferably from50C to about

200C. In 10 one enbodi nent, the polynerization

atomlzlrig&{fﬁsgeii gase whichadnoare tl&&ysiaimoa.tqmﬁﬁ(ﬁ Albevris oﬁ;eatalayoq/:@nposmon

100C, above 1 0C o In one e
s om0 5 2520 3 SRR B s, whioh
enters ‘d‘%t {?}ﬁr@ha{aﬁlbte? 2R ROt A0GhatbamsRsEasbath 1t Idaedd by Q@&@BB before
rization processes include solution, gas phase,
enterings I%ﬂ[@espﬁfameqceanblyalatgegjwmt@rs@ml@t cgr,rm@ég]@n a9 n%{c entrained in the
n t.hereof .. Par a re r
mtrogenpglggve 1)]& L 6} Bﬁ?ﬁlze cfgle&ltﬁn her IHZ) at f[gl% 1% a'(l)rnrcdee? 2the catalyst
composﬁi%hecdhltlﬁﬁeﬁ (gdugh chaabdr enrt CIf intdithd ct}&lcﬁtehyépara&oroﬂ where the
opyl ene. [00306] .1 n one epbodi nt t he rocess is g
partlculegl aatalysh, camppisitione iss disengaged, frqm oibe ogas s ropped into a
' Soflf Boftibd RaRALTEABos
o T SERISORBS 80y MR L S Bephedd oatapiion i
recover&ﬁr’ﬁw’\m&bgaﬁgasam dravar thrqupbfties adpirgto? [t end re;m\tedrfr@m@h@system at
The invention is particularly well suited to the
POlntMpoI ymerization of two or nore ol efin nononers of

et hyl ene, 20 propylene, 1 -butene, 1 -pentene,

[00300] Agé‘iﬁ&#gﬂp e of suﬂ%l& %Bﬁy -dkyiigxeArod thch@elsefoemngda liquid mixture of a
her nmonomers useful include
nonvolaaﬂmymaemaimftaytl@msatwh@wééraﬁfmtbﬁﬁqi gt lgpsh eng fompsgssegy flpid; and

spraying; @ﬁggcaégon}éﬁ%eo%w nyﬂp&gﬂﬁg Ay QM gpéégﬁfémtﬁz&a ﬁ/‘es a substantially

nMONOMer s cyclic “ol efins.
decomplﬂ%wle ispilaty lb@@a@ﬁ@ﬂﬁrrﬁlxmeﬂméughmntdnfﬁcerm&nm cm/nrm;nent suitable for

i ncl ude nor bor nene, nor bor nadi ene,
forming SUIEREEMAETGN SO YBIOBRERANECh SYERRS: A5FRDHd in US. Pat. No.

57165§§bst|tuted 25 styrene, ethylidene norbornene

g 'cycl opent adi ene and cycl opentene. [00308] In another
enbodi ment, a copol ymer of ethylene is produced whe

[00301] BiytekdjuBtihy thersize of the orifeasms rtheh@tvmwgr gpnleyesk duing Spray-drym& it is

poss1b1?,];oe&g§1§m%£ﬁ($esgmvm f i o vgg g g%élc easrlggrle %‘t ﬁ‘gﬁl about 5 micrometers
to abOIR rﬁfo%ﬁ%ﬂiet@fso Mhé ﬁa@tlcﬁe§ﬁfz@wﬁechfromsthe Splpdeyymglcmacbptmnally be
a gas

phase process. WD 2005/ 08294 5 708
decarbost BAGDRBIGYnE FaoRslEs C BB ARFEH 10T (P 8ha o 0513 14
propylene is polymerized with at [east two different

[00302] %&Iym&ggféﬁ'tlc J&E 'n(feﬁ@xj[\%y\%}‘xll@lf O et Clle BMedEoApsicateof e catalyst

rpol ymer I n one enbodi nent, the
system] ﬁt\tﬁdlﬁrﬁrfg’lsutﬁecﬂlen’epmlymenmtmnpcﬂlybmemp]myedrasﬁhg(fggg Such materials

parti.cul ar S a p
can bR 55 RS O S L3083 PORES g S8, o
nitride, %Qﬁﬁﬁr oklﬁel HH& BQld@t 1'56/1%; e, afd calcivehharbopkef Fomed hydrophoblc
aving from4 carbon atoms, 5
silica is preferred because 1t 1mparts high viscosity to the slurry and good strength to the spray-
dried particles. For example, Gasil™ or Cabosil™ may be used. The partlculate material
employed as filler should have an average particle size no greater than 50 micrometers,

preferably no greater than 10 micrometers. The particulate material employed as filler should

be dry, i.e., free of absorbed water.

[00303] Sufficient filler is preferably employed to produce a slurry suitable for spray-drying,

i.e., a slurry containing such filler in an amount of from O percent by weight to about 15
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[00311] Typically in a gas phase polynerization
process, a continuous cycle is enployed where in one
w@a005/080941 he cycle of a reactor system a cyclPOUSHES5/001708
stream otherw se known agija recycle stream or
fluidizing medium is heated in the reactor by the
heat of polynerization. This heat is renoved fromthe
percent byeoxpiphe refembli frommbout 2hpedeent praweight tq #eoug 8Iperdsyt by weight.

when sSS55L08, SERLEY HONEEN Db HATACRRIES BURORIE s s

an amouhPoPRSHA W SerSdnk E?We%ﬂﬂfoadbﬁhﬂﬂ) B8RRIy WEGhITPRAGEDY ftdin about 10
continuously cycled through a fluidized bed in the

percent by @eéght ¢o ebow 30areaiepby wietbt. ddgsprayediicshentalygpartictgreproduced

e aseoqus. stream.i s S i di £ 200
in tis o ey R GG Hap OB s bt Bod 1EB e to aboue 20
microm&@ﬂs}’}rﬁ;@ferﬂﬂ? @it abost 10anidrcineters forabout IEmi@antters. and

fresh nononer is added to replace the pol ynerized

nmonomer. [00312] The reactor pressure in a gas phase

Polymerigatiens Progess vary from about 100 psig (690 kPa) to 15

bout 500 [ 3448 kP pref er.ab [
owon FRopesoselobiah SHPRPLF SAECY 9 HiE<iaRgRattn wor
polymexﬁz?azi%ﬁ gfbceks of8 £ wideetfapalif terhpPetagey amd eressurts. ofMihabemperatures
250 psig (1724 kPa) to about psig (2414 kPa)..

350
may be 1008 13hgcToifroead0Ys tq ahawe 280 -corpferably) fonp AQ e tpkaut 200°C. In
. vary,from about 30C t L o
o e, B oY 58, 07, G Sk s
above 1069 &b8¥e 5000 abshste 200°CC Inwnkldhodimentytist prpssefes eatplyyed may

~in the range of fromabout 70C to about. 95C. In
be in tharrogh &iom bAtsesPhEEA0 ahOﬁ*éSQ(be&e‘tC&Ph%féﬁﬂgblg %re in a gas

phase process is above 60C. [00314] O her gas phase
. . . : | ! .
[00305] g‘?&%‘gg@%@d %g&séégeg SEhdEDHIRonTYhE bRIRIQURYIHARY, bE@h IHSh pressure

ﬁase processes may al so include those
processd@s &r chabinatio)ifredPat Batichledy prefaird2i2a His6pBs8 18 dlngy phase

25 5,677,375, an ropean, publ i catjion - A
polymerigasionmf g Dbm@&f‘goqg‘g}*j(?') R el SRk 3 Snfen o frobfige.
421. [00315] In another enbodi nent, the process my

[00306] Bl QHECEnHRatA! HproceflOisl Hsobdtideo | higie pramure, bury (02258s phase
Kg/ hr) to about 200, 000 | bs/ hr (90, 90Q K%/hré or b
polymetizagtoer profesp sifyome ror Imréfoéqubmnoaqeésah@fmg 1om 24§30 carbon atoms,

|.bs{ hr, (455 Ka/ hr ) f r \N The invention is
et ST S R BN Bt
particuldfl§atdr siiftdnto2he QAGdization O twB0F greholefingnpndmersrod ethylene,

preferably greater Vﬁ %805/ 082947 PCT/ US2005/ O@é_?(fe):gene
propyleng3l-brighe. dspentrae) eyl ka8, kiFkene: TOErF 280 & ci8i%

preferably greater than 50,000 I bs/hr (22,700 Kg/hr)

f&r@bhiudy &aiehicil in&oureRRd thdx®nhvrs,(@8lefifiOhaving 4
[00307] %ﬁﬁﬁ&%og&gseater tll'l1an ?%O,lgogﬁ | bs/ hr (45,580 Kg/ hr

to 18 c{rbOs 2BmsAcsijugatsd gulopaenigaied dienpsy. GOBSICY &SN é‘}qng?n’&§~2e§nd cyelic
oleﬁns.pr eﬁl%yl-rlﬁnsitilng %n%%orrngr@g%sggul fili’lo B8P entioh Omay include norbornene,
norbornadiene, isobutylene, isoprene, vinylbenzocyclobutane, styrenes, alkyl substituted

styrene, ethylidene norbornene, dicyclopentadiene and cyclopentene.

[00308] In another embodiment, a copolymer of ethylene is produced, where with ethylene, a
comonomer having at least one alpha-olefin having from 4 to 15 carbon atoms, preferably from
4 to 12 carbon atoms, and most preferably from 4 to 8 carbon atoms, is polymerized in a gas

phase process.
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about 50 atnospheres and even greater and tenperatures

in the range of 0C to about 120C. 5 In another
weniwsasavent, the slurry process tenperature i SPebos®05/001708

100C. In a slurry polynerizgation, a suspension of

solid, particulate polyner is formed in a liquid

pol yneri zation diluent nediumto which ethyl ene and

[00309] mmﬂmﬁ@o@lﬁd&anetmnhm pagetenaliopgymetiredoeitialay Bastene different
added. The suspensi on, |nclud|n di luent is

comonqmgreopfipRallycang of W ashbroméxepe, e Aoy terpdinehe

reactor where the volatile conponents are separated

[00310] gy{ Gie % RALHTEE ﬁﬂsﬂ ti6R S diteRhd t8RtHoPRRd z\étlorﬁf)}@d'esﬁ particularly a

ation, to the reactor. The li‘quid diluent
gas phaem)f siymyi phusetmecepm Ifynmlymamzmg propyiammalage ot ®v1t1y phe af fnpre other

monon B AU HER IS gk FRCRE RO A

liquid under the conditions of polynerlzatlon and

[00311] T9pRAIYVRI &/ gdsiiate polyihetfization pegbass arvediinidus sydledd einpboyed where
process nust be operated above the reaction dil uent

in one pAri @4 tharydlenperaaeior &/sism g7eiag e strsams gihahyiye kaown as a recycle
stream Qle ﬁ?@gzrﬂ%ﬁ%@lghrc‘ %)Héa nrfﬁéj Féﬁ%& Sbg RPhOY %@ golgh@%ﬁhn] M his heat

ent, ol ymerization lque 1s
is remcweﬂ effone dhé Oeca‘sleacqnqromtlohenfambﬂler Partpa] &nmyclzabympoqimg system
et B RSl Bl STBEEh ShSsh SR ghEh ot smer,
gaseous°‘ Qtlréétrﬂ Qéhtalﬁ»}ﬁ%fbdeqs}hﬁm'a URodomate id cd‘%ﬁﬁ%ushgc}o‘l‘&i Q]ilbu%ﬁﬂacﬂuldlzed

descri b in i nstance U. S. Patent
bed in mermcsesteuoif y C@tabstelgsies reapidveuchnditinns e ThapRaespin Firgam| i§ gyithdrawn

from thregtf}gé%?dsquﬁ : gr(rg?yecéel'élt !5@1%1’[5 geqle re%!:t%% ab e gouigl rﬂoqgmer product is

|na

withdrdwefr88fthe Nastot dnd ﬂrésﬂgn(ﬁibﬁ{m liesided teteplacy tHerpotymetised monomer.
i ncl ude continuous |oop or stirred tank 20 processes.

Al h
[00312] ,T,lié E}eag,toc}r pgt{sg%é?q\nglggg go%gz)lrclzggr mg{r 88@? m |a O‘Hrﬁ et ?8&) kPa) to
about 5@623%% m@% kPmQPbI%feﬂﬁtﬁ gﬁfnezfg%g]e%% %bgﬁr‘#%@g%"slé @9&@@9 to about
400 psxgr(@ﬁf%kPat)hmnreSﬁ@&rd‘:ﬂm Iththe (raR88 Ky mpqutgﬁa pﬁ@(l724 k]%l) to about

y greater than 10,000 | bs/hr (4540 Kg/ hr).
350p518r(84c\ln T enbodi ment the slurry reactor may 25

produce greater than 15,000 | bs of polymer per hour

[00313] (ﬁl%%ac@/télﬁ%eraﬁf%%rgﬁb Has@ § mhi @y f25m Q88ad 308Cho about 120°
11, 340 Kg/ to about 100, 000 Ibs/hr (45,500 Kg/hr).

C, preﬂeﬁBB/]Ec}m EkwtpﬂOé@ tofabcmblll]lﬁ?Qer oeefersbly iarthe tgerafifeam about 70°

C 1o 114}, snbawssas gy FEHerbop SB8BEND 30 B985 C. In another
embodﬁ%ﬂt,%g%gélop %Yﬂ%ﬁlture in a gas phase process is above 60°C.

[00314] Other gas phase processes include series or multistage polymerization processes. Gas
phase processes may also include those described in U.S. Patent Nos. 5,627,242, 5,665,818 and
5,677,375, and European publications EP-A- 0 794 200 EP-B1-0 649 992, EP-A- 0 802 202
and EP-B- 634 421.

[00315] In another embodiment, the process may produce greater than 500 Ibs of polymer per
hour (227 Kg/hr) to about 200,000 lbs/hr (90,900 Kg/hr) or higher of polymer, preferably
greater than 1000 lbs/hr (455 Kg/hr), more preferably greater than 10,000 Ibs/hr (4540 Kg/hr),
even more preferably greater than 25,000 lbs/hr (11,300 Kg/hr), still more preferably greater



10

15

20

.25

-44 [00320] In one enbodi nent, the slurry or gas phase
process is operated in the presence of the catalyst
wa@ymsesadescri bed herein and in the absence of POT/US2005/001708
essentially free of any sgavengers, such as
triethylalum num trinmethylal um num
tri-isobutylalumnumand tri-n-hexylal um num and
than 35,6008l (165,900 Kg/hr) csHilDevied @nord ipkedérybly Zireutersthah $0MO00 lbséhr (22,700

This process is described in PCT lj I.on
Ko/h) agg o 2o ey LSreHo s A5 00D ol D8R i 1€ Brasgenspan 100,000

I n anot her enbodi nent, the nethod provides
lbs/hr (4?’398%%%“ ng the catal yst system descri bed herein

into a reactor, particularly a gas phase reactor. In
[00316] A0 slernyrHoboherization processteahgrelly uses pesssures injbe gangg af fom about 1 to

about SQ{ERTPPbEs 11 0o ertisand inpperaltud i e ih ok MR R 120°C.
In anot%é};j cmUb@RRAN BDLILEST bRReEPeinfir293 ©83boveN800°C. In a slurry

olynerizatiron catalyst in liquid formcan he fed L.
polymeridatibn,ansumperisicat afrsplidpatiaculate polymst is, fosned Bra Hquid polymerization

. supported. .activator,together :
e 5500 LB B A SRR sy ot e
added. AHB!sugRhbion NGRS 46092 iFaehsitteitly o2 eshtinhOB3P 2pmhet &rom the
an unsupported catal yst systemis used the le ratjo . 11
reactor where ke vielatile compppnts aigspRazted ff@Hh‘g‘S pehimer gn IFSCXY%EJa optionally
of...t he I C S ..
s g5 5Vt ARG, R0 Bl i e

typicallyrat alkiref esvaky ¥rob00: th T ea0ftatdms, Iiefodblyrar bienobikst aliane. The
~[00323]. The pol ymers produced. can be .used in_a W . .
medinmygVpIaY g1 POV RS Vi Lo g YRRy oo fcively nert
When aoﬁ%xﬁ&f %neehex? YeQded ffe! pideesROhiRitRYbRAGe ABDROkERERtion diluent
a pol yet hyl ene co-pol yners, including |inear |ow
critical @empetdtyre pod pesbure.cPreferablsisa hevens or g5 igeh maedigmyis employed.
density polyethyl enes, medi umdensity pol yet hyl enes,

ow densi t ol yet hyl . . . rticle f

o B R0 bt 5 Shond 5,0 o e o
S5 U869 et pustmsei, iy sy e o
which the Belse £6e> Db, SyshArdiBrys PRGN ngac 8t Fichgseribed
i iR ¢ 6 : & ghk¥s inthideNBoseadiploying a
in for l%sftar%cf’ gﬁmgo%tg‘étoﬁg 'c%’z?%?? 9(@5%9/ g g{i‘ﬁi@gn rsrqsr 13 pr ef er abl yp. .
loop redofortdnd these gleili?hgfag?mamygﬁ‘ﬁtiﬂgd cezacto;ﬁ 0. 9gey /p@r@,llleyélr combinations

even nore prefera n the range fromQ. -
thereof Yoo UGG, CSEPIDSY S GPF ST aEnS Ul Gan LR AR0D b gimed tank
process@é, CCAIRY Sy ablaniiése af %‘luﬂgh 3)?0&55%8 Oar@/ @eBerileedd innOB1S. Patent No.

preferably greater than 0.925 g/cc. Density is

4,613,48%asured i n accordance with ASTM D-1238. [00325] The
pol yners produced typically have a nol ecul ar wei ght

s ALl AR LR Aoy b e
hour (90N a0g/Ar) Smbfe preferably greater than 5000 Ibs/hr (2268 Kg/hr), and most preferably
greater than 10,000 lbs/hr (4540 Kg/hr). In another embodiment the slurry reactor may
produce greater than 15,000 lbs of polymer per hour (6804 Kg/hr), preferably greater than
25,000 lbs/hr (11,340 Kg/hr) to about 100,000 Ibs/hr (45,500 Kg/hr).

[00319] Examples of solution processes are described in U.S. Patent Nos. 4,271,060, 5,001,205,
5,236,998 and 5,589,555 and PCT WO 99/32525.
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about 15, particularly greater than 2 to about 10,

nore preferably greater than about 2.2 to | ess WO
wQe@5/0882047 PCT/ US2005/ 001708 -45 t han about PEI/US2VA5/001708

nmost preferably from2.5 tQ 8. The polyners may have a

narrow nol ecul ar weight distribution and a broad

conposition distribution or vice-versa, and may be

[00320] Thh@s embodinér] e dbssr obed phasdpiBees®ds epdratdd.in the presence of the
5,798,427, [00326] Al so, the poI ners t

| |
catalyst gusiervieeerhsd iersip r@n@I i3 fhe %h§?‘i199n° a¥ "r?é%{g]éﬁ% aeﬁ £ any Y scavengers,
such as g@{{ﬂ}ﬁ?hﬁdn ﬁthrﬁﬁJthﬁ %lﬁ@rﬁqgé%t*lﬁﬁ%ﬁnwh)tn S Gminum

ermmni ng COpO yrrer are
and dlethgnlomm mmmdskdﬂbmsu zinn andehadike. Jddés plogesseig alepiribed in PCT

e bW SISy S Sptes Fe e

generally in the range of greater than 50%to 100%

[00321] mfﬁt)ﬁfeﬁéﬂrmo&%&t Rlicethemhad bisbvhd%sﬁﬁ&nj‘e@ﬁ@ﬂﬁfcataﬂiﬁ?@j%m described
% and nore preferably 60%to_80% even nor
herein np,tp aefreachdy particwlary o eenphise prRptost [ gne f‘é%@ﬁhf?&}“rtéhe catalyst system is

used in ef S ablr%fl g%m? o dgfeltag ng511q°élad[ fblnﬁrk%llﬂ &d dRBRAY HBME, Patent Nos.

u5| st system descri bed
5,317, 0369 BBed 5 6%\[7:“27aa@5hrdpeas pnbﬂmatlsﬁ)%P -Ae0 S9pri8Ber bk ypolyserization

t han 400/ 10 and st preferably SS t han 30%
catalyst[lgolngql Iy:n@:go 1thy agnegztlgﬁtt%,d'ilrl.qz r\g ° og a supported
actlvatok %gg%&aé%g s?%artﬁt'%g) @S FRERH ethdYinj eéﬁMthﬂé’c&Sd&crlbed in PCT

range from no rreasurabl e flowto
publicatl@OWQIg7/M6599 mwy ke uiflizztler abl y from about 0.01 dg/min
to about 100 dg/rri n, even nore preferably from about

1 /mn to, gbout 50 ' n f h
[00322] 8\{}@&7 3 msuﬁpc&'teg a]lﬁql}f]é sggt%@gbs?uie gleyfrﬁnﬁfne Fﬁ%ig 0%%' tetal of the
activatok Qoﬁl@%n&ﬁ’@@@lé‘iﬁ%l oft fhe c@t@ly}éfmrﬁpmmdes o) t]nelrangemféoctween 0.3:1 to
ratio (121/12) %121 i's rreasur(fg fﬁg @?T?I\%@l 38-F)
10,000:( 1pefezabl ). 0% t¢ pOOA: Lond srosbrisierain 5 ﬁr eferably
fromabout 15 to less than 25. The polyners, in a

r&f d enbodi nent, have a nelt index ratio (121/12)
Mn—‘%f-ﬁfgm greater t han 25, nore preferably greater than

[00323] qge nﬁo ngrﬂeﬁofn%dﬁée%f edra Bk Yusgd iat @rwidbaﬁar(b@{ of t proHu@9 and end-use

referably greater than 50 an st
apphcapm&‘s‘ ellhd Ipyio asm praduegshinckde pobyet }é’*’\’dﬁpl? oggﬁgnerﬁ@pfl polyethylene

CO-pOly%Se Xlg%la{ti grt? W?o@% d%?yfg{ lérfe (Slétohf%rs?’?@asto}l%rﬁ Ghigh density

polyethtyfanQ neddihrd  dexiry n pbllyeﬂhykaﬁesanlovw pqlﬁmmtjr i mlyethyhehesangs well as
Fower Iimt, [00329] In yet another enbodi nent,
POIYPIW&ﬂWIh@ﬁ@PB]é’W P BT QPYATTE PRONEEE. These pol ymer s

i ncl ude atactic pol ypropyl ene, isotactic

| icalde QihyleRObasldl folAneks Sdi odasity ¢n fi@5range of from
[00324] ggﬁeﬁ’%?@’g%%’:ﬁg’.caghe? pr opyl eﬁﬁeﬁgol gmer s includ
0. 86g/qcrto 19y 7eglec,iirefekablyr ini the zange ©6 A88 g/cepp SGg{éc more preferably

in the %Bgé/ ggﬁ @9@? ly%%ﬂ @ﬁfg/%o gvé’ﬁe}x‘lloré(&%waﬂly i B Iﬁﬁée §€fom 0.905

g/ce to 0.95 glee, yet even more preferably in the range from 0.910 g/cc to 0.940 g/cc, and most

preferably greater than 0.915 g/cc, preferably greater than 0.920 g/cc, and most preferably
greater than 0.925 g/cc. Density is measured in accordance with ASTM-D-1238.

[00325] The polymers produced typically have a molecular weight distribution, a weight
average molecular weight to number average molecular weight (My/M,) of greater than 1.5 to

about 15, particularly greater than 2 to about 10, more preferably greater than about 2.2 to less
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4,794,096, 3,248,455, 4,376,851, 5,036,034 and

5,459, 117. [00330] The polyners may be bl ended and/ or
wa@oming9ded with any ot her pol yner. Non-Ili m tiPgr/us2005/001708

exanpl es of other pol ynerssqd nclude linear |ow density

pol yet hyl enes, el astoners, plastoners, W 2005/ 082947

PCT/ US2005/ 001708 -46 high pressure |ow density

than ab@nl8y ahdlyioetn;ﬁafek’db@il fridan2.btty 8pdlheeddiythenesay have a narrow molecular
pol ypropyl ne and the ik 0331 The rs
weight BistiHien coPRsitasy s ibOR s VP A oRAY My those
polymeﬁ%géfﬂe@ﬂ?Uaés Pa{ehjthb sheeiny and fiber extrusion and
co-extrusion as well as Bl'ow nol ding, injection

nmolding and rotary nolding. Filns include bl own or
[00326] Akest thei patpmérns rtmmdaléyh@\@ea(mm@wmnmoswnl diFiibutidnogs measured by

Compo§§%ﬁ h\‘sér St o rQ kdijcllfi (%rh é&bﬁiﬂsﬁuréh&] d cjuisecgfccﬂte&fn fihg ‘hhe CDBI of a

snac packagi ng,
copolynﬁ’éﬂa){e Hﬁ@&m toghdb@%kﬂle&&@ﬁﬁ arth SeedfoapchriiploRGT Paont Apphca’aon WO

931030530 pubished, Febrisry (18, 8531 CBIL REWTSHTH GRS FBGRIGHE deye CDBLs
generallgqﬁ ltl'lecl%léé) reﬁlmbﬁ%ﬁoo‘y lﬂ)@% g)?éfgraﬁﬁ" $Y%} riﬂefe?a‘BlWﬁl' tR®range of

nni ng and rati"ons for use€ in
55% tovas%a randrmora greferabbnod%o rthO% rmkte nfar¢ pmf@rablw gagrger than 60%, still

even oS TS 2L A3CTEN S 0 G201 XL S XM wing o

catalyst%@t‘ehﬁ&&cn%df&?erelﬁ Qye HWPI%SS 82d J098)dnbrk PRfSrablylidss than 40%,
articles include single and nultl-layered

and mostqgmsferabyt lessrtban 30%he form of bottles, tanks, |arge
hol | ow articl es, ri gid food containers and toys, etc.

[00327] g?n%i“/' POl ygr %%Ergc[lgggg’g]rnewﬁld@'@ﬁ?og (t@ﬂoééuﬁﬁ é].red by

rocesses escri erein, util e m Xe

ASTM-@‘I%S}‘EI(S%/IEWQLSQM ba@eh@dhﬁllm neeagurpble f feva tbd }1000 dg/min, more
bi nodal . The term "bi nodal used to d

preferag B bt () GBI BoRIC DY 8H TLE: G o0 TP pOYIBRP e @ pout 0.1
dg/min ﬁ%%ﬁgﬁl‘g?@ ng/mﬂn GIh nst @féf%l?ﬂo%‘ S0 0.1 AFRBI to about 10 dg/min.

copol yhers of terpolyners, neans
blnndal nmol ecul ar wei ght distribution,” which term
[00328] {15 oo eimbsdiowt, dse balyimets havs @m&d@dw epeioi (il g1 is measured by

AsTMBEIFBRBOL 1% B NED L Aol tROEh I S o e

than 257 O'I“hg@ogrl‘r@i@hﬁ a ﬁeﬁelnfewembb@tmﬁm hivera trfeatmdmfamde@nﬂz) of from
olefins with at | east one identifiable

greater fareas mprevirPigrRDLY igswiar ihen &0 avea fﬁalleyﬁﬂeéf %Wa%eﬁ that 40, still
even mg?e ?IIefé‘%Q:?}' Ao i PB0 Gnd %35 ?gf E&Hﬂ)@r reaffy! tﬁ%ﬂ 65. For example, the

n'1s considere
melt infied daeb €h{/H) nag bekdtrones o B0, 1Hdd ZEQ,rZQ to. 180;8(éfoe}€é)b|49 to 120, 50

ot her th n ha I di f.f erent Iec t he
to 100,40 iR AE aorpsT DRt Aty 1P Py
nol ecul ar W€I ght polyolefin are essentially the sane
[00329] Y REt SotiRP le¥i¥BAIm et propylene based polymers are produced. These polymers

include atactic polypropylene, isotactic polypropylene, hemi-isotactic and syndiotactic
polypropylene. Other propylene polymers include propylene block or impact copolymers.
Propylene polymers of these types are well known in the art see for example U.S. Patent Nos.
4,794,096, 3,248,455, 4,376,851, 5,036,034 and 5,459,117.

[00330] The polymers may be blended and/or coextruded with any other polymer. Non-limiting

examples of other polymers include linear low density polyethylenes, elastomers, plastomers,
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pol ypr opyl ene or pol yethylene. 25 [00333] The bi nodal

pol ynmer products prepared using the m xed catal ysts
walemssdved herein can be used in a w de vari epgT/082005/001708

products and end-use appligations. The polyners

produced by the process of the invention include

linear | ow density pol yethyl ene, el astoners,

high prédb@s tiewedensitipglyethytms) highpdenyiet pylyethglenes, qwl}qbeqsmﬂdnps and the
ik pol yet hyl enes, nedi um density pol yet hyl enes,
1Ke.

pol ypr opyl ene and pol ypropyl ene copol yners. WO
2005/ 082947 PCT/ US2005/ 001708 .47 [00334] Polyners

[00331] ’ﬁljibaéol RrsPEolBAR U3 PEndBefRS G BRHUIPIMORRE FBEMi@ANDperations as
variety of conpositions, characteristics, and
film, shpetppst fibexsextaisionemst coperirustont dsewelbiom Alosgmeldipg,tipiection molding

sts_is .that .the proc
and rotatr&moh#l% Figmp g}clch% tagw I%Pasi gi%% n{rm% §9 V&S?Sﬁnﬁﬁ)ge r. bly l'ammatmn
useful a%es'hnﬁlt ﬁhli;lr eRSY KB Sstrdied filXagealigy filrhs,iosicatedt filns| adeek packaging,

hat the pol yners having the same propert| es as
heavy ‘ﬂntmh@s gopive sadsmpeked japf strpgenfogd P%%%%fflgixlaledlcaf packaging,

1ndustr1g]aﬁ%qr§,678 an betJ g{l T60d-c A5G angl'h%nSEonl :Egﬁt%!:tl Applications. Fibers

hérern can

include RE41Y §RAkiAG! SODillomrs@QﬁE@Snd meftdﬂcmzrp ﬁbglnmresatlohla\i'Gm@Setln gvoven or
sanme properties as_the the foll
non-wopeit @qxggtoplga]@@ﬁ tggodlagerjp i 1 ICBP%%TSW% g8° e)gtg% 61;;;2 Extruded

ahtd éa%ﬁ ecﬂﬁ@nbrﬁné’ﬂéncﬁﬁéhd liners.
i ot S5 0y bt S0l
MoldedbarZidRs SddudebsiRgle, ahﬁSmuR], E@@reéaensh@cmg@ m e sthe far of bottles, tanks,
The typically ethylene
1argehq;g>§sé%rtlé18[5,ﬁ8é{1£90 E?F‘ber%%de% 3gh5| ty in the range of
fromO.86g/cc to 0.97 g/cc, preferably in the range of
Bimod{,!r@:,geﬁﬁr&im to 0.965 g/cc, nmore 10 preferably in
€ range o rom0.900 g/cc to 0.96 g/cc, even nore
referably in the range of from?O g/ t0..0.9
ouss2) G ooy BRHCSRELAS REER i K5 hed RISFaRGLP Gik Bgd gy sts

D9 384, Mgt BeFemalia)” gylieat dedt badescribe a
descnbgé gl%ﬁlg’/ CC, ﬁgﬁeé?glfc%?ly greater than O. 920 g/ cc, and

polymd?fwlitpol}mi@f®hqil?bmog; egt, lepnl}toftfzfms (}u@ggs gq)lypropy]@gg ggpo}yﬁ@ylene or

ol yners can haye a nol ecu [ ht

other a@'i“ﬁh‘? lymgsy agRPOREREE uPhr © rpfgy %’? g f}'l%%o%f ar\gllgl}e glﬁar weig

dlstrlblggJ LBCUhath Rl uhddhéidbd a@fha@ﬁ@at}féf bidadest Edeﬁmtﬂimopd:rsons in the
particularly greater than 10 to about 60

pertinept &t (ha%tbgweg theatterm asheeflectad by printsd pyblications ﬁ%ci,]mamatents For
examp 0|ay§1[1é$g cﬁ&%}tg i ef ra | defeé %mﬁféﬁhg wifh of R333dde {MRAtifiable high

escri processes can I n
moleclggﬂ {rxr/giaggb ?{[aﬂdﬁ‘il%i;ﬁ%g@rﬂ gal‘{glgﬁns‘@}nth a2 Rastnolex 1c¥eM1§1abi¢ lgw2polecular
weightadjstabrtien is1 goyisidered to be a %mlodaq” leyoi’effl 98s 'that rPe s L used herein.
Preferably, other than having different molecular weights, the high molecular weight polyolefin
and the low molecular weight polyolefin are essentially the same type of polymer, e.g.,

polypropylene or polyethylene.

[00333] The bimodal polymer products prepared using the mixed catalysts described herein can
be used in a wide variety of products and end-use applications. The polymers produced by the
process of the invention include linear low density polyethylene, elastomers, plastomers, high
density polyethylenes, low density polyethylenes, medium density polyethylenes,
polypropylene and polypropylene copolymers.
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dg/mn, nore preferably fromabout 0.01 dg/mn to
about 100 dg/mn, even nore preferably from about
wWa@202/08294m n to about 50 dg/m n, and nost prefCBDE3005/001708
from about 0.03 dg/mn tqgy_about 0.1 dg/mn. [00338]
Pol yners made by the described processes can in
certain enbodi nents have a nelt 25 index ratio
[00334] Polynzetd kB3t ¢dn2 be i madre asing ettie b@psﬁ&‘ém [praczefssasm;aroﬂlaw (nnvm@ety of

t th
Comp0s1t11)1§ss gh eetsfgfgﬁlgygg gg @gg?érgi?es E)’(Aﬁ g éfftﬁee né l'Ites g’gl atalysts is

t g4 e$ 56l
hat the pRES fizkd Safl SEGEACEE (PLARCE D ?%??‘?d("?‘%“is?ﬁl“z‘?w?’i‘zidﬁ“d set of

propertlesmFas exanblbyit ASDitemlaeBtha) thepokyinesps hevistecthg lsame grapgrtiss as the

vimodt 18R SipRGFoRl B B 5o 585 S50, B VBRI © Ao,

blmetalllcpc%ﬂmalm&én can B8usedQn pslyinid rigation procases to form polymers

pret'erably greater than 65 and nost referabl at
having the lsame F@opdriicoas ther polimers vtthe folloining RaRALS; Orfg0-580: 6,588,115

: f v
s A T At S e
6,248,8453 6245 868 6,245,705, \6,212;5461 621 1, 80d 61207, 666t hb¥B7 P lapderlg7,173.
described in U S. Patent No. 5,798,427. [00340] In

I P .
from 0. 86@&9{% @@by%@é Spﬂef&éﬁl‘?‘?n Qﬁ@?dn!g@ o aipat 088l glee,to 0.965 g/cc, more

tactic | 'ene,- hem - isotactic an?
preferabmmmeamga of:frpmj @/9 Dpieb 6, 8.6 bfe e YSNOBPTecPRE IRy i tle range of
| ene bl oc
from 0.9 g{ﬁg,Ferngggf%gh%eﬁ Vel mt £ gfefeltrgmggﬁ écﬁg 98{ n?? I%OO V\%IOI %/cc to 0.955
glce, andtnti’c%t felfer8§I§ dr&ter tAAROPLE glchpreRazﬂ:&]yt gt thaanQ(DQ’ec and most
455 376, 851, 5,036,034 and 5,459, 117. [00341]
preferablyg@awoﬂmé}@ig/cq he invention may be bl ended and/ or

coextruded with any other 10 polyner. Non-limting

[00336] Tﬁ f‘a"&ﬁ%{?ﬁ 0fn fhNE 5 ALNIRT FeibRCAYEELItIdIE Ar weipht denapd ynolecular

enes pro uced via conventional Zi egl er - Nat t
weight to&ﬁﬁlﬂm abeihgqmlolegalad \W@h&(Md@é{) of gypaierthen Syigjabout 80, part1cu1ar1y

greater t&?fpéq%ﬂ%oghg ﬁgt@?pr}géﬁ@[l |§1% gF;)'ga?mﬁ lﬁf)cgl,htlef).i\’vtodfégss'tﬂaﬁ about 55, and

mostpre%?e{b‘f)ﬁfrgfﬁ)d(ﬁt%eﬁ) and the |ike. [00342] Pol yners produced
f Ie procests] of tPe i nvention and bl ends thereof are
useful in suc 15 form ng operatiaqns as. film
[00337) Thé pelyzees miadeby &t desartosa PRORISED SBRUP GET O ‘(ﬂé‘F‘F&&ila"e a melt
[ di N[ i |
index B BBl ngh By PRI iEnes @R 6l fomnmb i t 1000
dg/min, ﬁl@@(f)feﬂéiably fegm kayomtamndg/nmn tusbéwt 18€ dgfmimieven mare preferably

from abqqt|OFé fé/{qé% I?g t % qfl%mn;]heaggal | n%}‘ gegglgly fé(?rélca%ghfeé 03 dg/min to

about 0. 18@%&1 bake_d and frozen food packagi ng, nedical
agi ng, industrial liners, nenbranes, etc. in
food contact and non-food
[00338] Polymers made by the described processes cara in certain embodiments have a melt
index ratio (In1/Io) (I1 is measured by ASTM-D-1238-F) of from 40 to less than 500, more

preferably from about 60 to less than 200.

[00339] Expressed differently, polymers made by the described processes can in certain
embodiments have a melt index ratio (Ii/I) (1 is measured by ASTM-D-1238-F) of from
preferably greater than 40, more preferably greater than 50, even more preferably greater that
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20 contact applications. Fibers include nelt spinning,

sol ution spinning and nelt blown fiber operations for
wais@sioseowoven or non-woven formto nake filterBCT/UBZP®001708

fabrics, nedical garnentgg.geotextiles, etc. Extruded

articles include nedical tubing, wre and cabl e

coatings, geonenbranes, and pond |iners. Ml ded

60, still éfehi ribieSpreferdblid gresien gian @na;hdrmbm prefayablye greater than 70. In one or
constructions in the f

et oy s PRI Bab e fhoal By wo

oys,
ia@é‘ Vb oﬁxg% 3h distriowEsr of PicBrerhdendntagtiecthose polymers
d1str1butlﬁ>§ er st aHé’lén fgliélhe flo?egm ncé dlcSCUSSI on, ﬁ d
describecﬁhiUcSMPa‘@ntNorﬁ 79%43%.ng exanpl es are of fered. Alt hough
t he exanpl es may be directed to speci fic enbodi nents,
are n L
oosao) B igragp siopriner s fopYIcRkEfbcl bolied bilnd HSALMABIILER: piccsses
described %El‘éﬁﬂ%g%sp &%et@)ind&@degﬂictmmomop}ﬂm woketié pdyp@pg]@ne hemi-
exanpl es 2005/ 082947 PCT/ USZOOB,/ 00170ﬁ{§1 e block
1sotact1c\mndssynénotac§@i pelyprany! eley Oty BORY PRB BORHRATS Ui ﬁtp§°1’a‘{ d
or 1mpa%qog§§{xrfers Aﬂodﬁ?éng ﬁ:té eﬁgerg\%f PsS 1l ar¥teliknowteinage art see for

ar wel ot herw se noted. Ml ecul ar
exampleNgiSgPaBnt Ned. 4oAHo6Ld  24R, 45%4@%@@1;&;0%@9346@%4%]{17

(Mv), nunber average nol ecul ar wei ght (Ma), and

[00341] "El@?\ég]g{%%g% oggém%grrg\%eg ?%%%’ % dewee{n%/ %&frﬁ@edo%itﬁeény other

. al SO ovvn as size
polymele XRbH3infAng BLAABEOST 3y pISHe)s inbludedimphelolv density polyethylenes
conparative): EII\B

produce{iBV&( pdm';wyﬁm mglpr;ﬂ\ga(tg agpdép_rt pylksst }d%ﬂn&h Wlljac%e[tﬁpe[ é:atalys1s
{
elastomerf Efa@t@ﬁ%}‘&&g&lﬂﬁr@?{l@ é@\?"k%ﬁf(lﬁ\%)m A inelna n}hlggndc?n?l;g, P?lyethylenes

(n-

polypmpﬁ@ﬂéglmqh@m@t adi enyl ) (tetranet hyl cycl opent adi enyl )
zirconiumdichl oride} were mxed at a 4.5to 1 nolar
rati o and then activated

[00342] ngfmex}ssﬁrog%fl@% theRropess r?f %tlgﬁ 18Pt oen%qgﬁ%%f arbisSful in such

anidk gl fiedketrsas@ynd cyextrusitreas well as blow
formmgCaﬁe%t!ic}nsTag fg%p S\}/lvéahst gl% o e e Corrpl) g itrus ?F "
moldm@,dﬁj&@tmﬁ imoiding amd‘lmtargmldmgg Fg]@psaylcbpp g)é()%f)léil%ﬁg %gorme v

coextru%i\g%i/% %erg% 1on?—ﬁ; ﬁn‘ 1%{ YHIRX %ﬁﬁg( fgﬁlﬂ’s@@ﬁﬁsﬁﬂm sealing films,

Wi th nmneral

orlente&)'ﬂlm@ "'Xﬁléfc‘kbﬁdckﬁélflé E@Y”&nﬂﬂﬁg‘; ugederyy Sﬂ@n’bﬁk@d and frozen food
npany produce three slurries hayi n % %%chinon-food
packagﬂ:&%@dﬂcﬁwckw@&ﬂﬂ@%maé ADELS, Brembrangs, %6{ (ﬁf-(\:l\él ac
d for RS kfidnif ah@aminglown fiber
contacl‘\/\%@lhfgtboﬁqa t%lB?r%g P@g&sﬁe %ltaﬂgnf 12@8;46(}"1‘1'5 ds c%n cle%tar ation c?
operatibite f& 160/ sh Whiven Wirssasivoyeroforen et msaker filtenap diape Sbriey medical

2 n
garmen?g gegtce:xtlillsels e, Extruded articles include medical tubing, wire and cable coatings,

geomembranes, and pond liners. Molded articles include single and multi-layered
constructions in the form of bottles, tanks, large hollow articles, rigid food containers and toys,

efc.

EXAMPLES

[00343] In order to provide a better understanding of the foregoing discussion, the following
non-limiting examples are offered. Although the examples may be directed to specific
embodiments, they are not to be viewed as limiting the invention in any specific respect. All

parts, proportions, and percentages are by weight unless otherwise indicated. All examples
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a Brookfield visconeter as a function of shear rate,
and is reported in Table 1 below Exanple 2: 20
WO 0@348d4The catal yst of Exanple 1 was mi xed wWe€trUS2005/001708
Hydrobrite(r) 550 oil alaongwith 10% heptane to
produce a slurry having 25% solids concentration. Even
though the solids concentration was higher than the
were cafiledrdut 88 dey, duyaomifiee anvfromm:ﬁtg and solventnd Alb nixdecular welghts are

signif tl I
weight e pisms i aea” BsTes ooty sl Sy S 0w
haar n 0] -
e RSP S e AT e .@2,4# oo
moleculd weight (Mz)aterd BEasungl b@@@l Bmﬁomcwmmwlo'dﬁm also known

: EX 2: Viscosity of 8%
as Slzea&?]é‘fé‘%ic%@?n&@gﬁ%y%g sity of 18% Viscosity of 25%
solids solids, solids solids Shear rate 1/sec (cP)

Examp(eqq)w,g@g}atmy) 1.7 504 858 1014 402 3.4 453 762 990
Y1 442°724 980 406 5 6.8 435 700 973 402 8.5
439 684 967 394 10. 2 440

[00344] 965HRREr" 13, dBisiohenshn )6 3%8&@%@@ en)sgﬂ\ﬁ?éﬁﬁ §-trimethyl

e 25%,50! | dsx> -
phenyl)alg{ﬁﬁei%\be‘ihgg 1 %/Exﬁﬁﬁécflﬁﬁ{ éga{o(ﬁ Qlkﬁgz\jsﬁ{r%%wﬁ%he I %l?;\ﬁr | dsy {(n
propylcﬁdl@;ﬁbﬁtﬁdﬁeﬁiyl)@ntr&heﬂly]cgslopwmmmylhnycomm dishlgside$ aypre mixed at a

1.5 to 1l B0p A el e o EyF ) hoBle  TITACEES fhyprem was then

support%z&? §|11c£ U&E&lf e 6@0‘1’1&1 Blpilef scafd dpisy dipain TieCabdstlrTe61mivas sold
Exanpl e 3 (conparati vef 15 [00349] A s?ra
by Cabdt |C@¢pqra{ncai y Skhec eompasttiong of s zesu ting spray dried catalyst w. g/s 2wit%

HN3Zré€ﬁ§‘% %‘E‘ﬁ %ﬁ@ﬂ%ﬁe{ %f%%%)%ﬂgm%@ 6- pent anet hyl phenyl ) a

m no-kN] ethyl]-1,2-ethane diam nato(2-)kN, kN ]
[00345] ThisafiystvaantxSdvith atingralogy (Hydrboite®tSafinanpfactured by Crompton

t et ramet hyl cycl opent ad
Compax(m@r‘@ pﬁoﬂg@yg{rgea sht?rgest I@Jin%é{/%rl%t%ggll%? aglhcis concgﬁtratlon in oil.
Foaming was noticed for each slurry and the intensity of foaming was found to increase with
the solids concentration of the slurry. The viscosity of each slurry was measured at 25°C using

a Brookfield viscometer as a function of shear rate, and is reported in Table 1 below.
Example 2:

[00346] The catalyst of Example 1 was mixed with Hydrobrite® 550 oil along with 10%
heptane to produce a slurry having 25% solids concentration. Even though the solids
concentration was higher than the slurries of Example 1, foaming was found to be significantly
less. The viscosity of this slurry was also measured using a Brookfield viscometer as a

function of shear rate and reported in Table 1.

[00347] Table 1: Effect of solids concentration on viscosity at 25°C.
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activated using nethyl alunoxane. This catal yst was

then supported on silica Cabosil TS 610 20 in a pil ot
wae@b®es®pr ay dryer. This catal yst was then m xedr/s1005/001708

Hydrobrite(r) 550 mineral_gjl, to produce a slurry

havi ng 18% solids concentration in oil. Significant

foam ng was noticed. Exanple 4: [00350] The catal yst

of Exanplpx 8: was jm xedixvi:h HydrobrgXegs) nijneralEXai2:
Lo progesstybryon’ erscgs'ityhﬁ\mW Q’ i$toSiBe b1 B8% (KBiscosity of 25%
cong¢entr gpian (25Mm % S@h §g Wi th 10%lmshexane. AdRlifls

Shear rheaIfi ng signjfica | ess. by sii de
(1/sec) conpar i s\c/)\ﬁ: ghovved a su?pr)l)/m ng reduc(lt gn t he f ar?]

17content 01'504 he 25P%0 SI urg5g W th|[I0% Me)mne of Exanmpalog 4

UII}.aI cu Lllc J.O/() Ol y UI l:)(dllp
3. 4700': / 0990353 PCT/ | Q’)nﬂ'—'\w{é21 708 lb;g‘oawni C.- r nn';llﬂ

IlrJl Lo J . \WAw) J-J
5.1A spray dffed catpl yst Rént ai ni no Zom weioht of 406

6.8HN5Zr / X néd3®d at pb: 1 nol0dr ratilo, 399 by wel ght @02

g sMELTYT "ar ygpxane and 665910y vel ght 0967:ab03|I TS &ba

A prepat, rar pri oty b(,dl espray ye 'he
_ﬂ%ﬁf_ icle CIEQQ st h||fé| en—of—the—ea 8‘6 y'ol. als—rea 387cu
119y Nasterdfber | hstrur® nnde by vern linstrurdits

13.6td,| Malvésn, U K| is gien bellow 59@90. 42 i crord?S

D50:24 mcron; and D10: 13 mcron. [00352] A large
scale slurry was prepared usi ng this catal yst and

[00348] &sgéexrﬁ%ﬁrp?bi&ﬁr?ééﬁ‘%&@%ﬁw Sty Jg/)‘&tda é‘gkaﬁe@?{& (Example 2)
was leslg (qu?a!é' tTlgé ga &Qerﬁ?ﬁ%n%ﬁ}rﬁé@% hd- ang;r}ﬁﬁ‘?ahé' rp'ié/seﬁYaSTm@Bservatlon.

on vessel tte W th el i cal bbon
was suipgisingtand. undkpectedd8Rsidesing die Emg)a}sls @dslwiry @paﬂamgmas wach as three

char ged |nto t he éZg ]gall and 71 |bs. of
tlme“h?ﬁ’i’é@?é’ﬁ@ s} K 1eﬁ1° aarp 1 hour at 40C. Then

156.4 I bs. of the spray dried catalyst was added over

E ) dn‘i’ﬁm‘ﬁﬁv&m hours. The slurry in the 125 gall on
Xamp‘i‘eesg‘!e was m)xed at 40C for about 4 hours and

di scharged into a horizontal netal c '
(003491 gal Aohpisy z8ricd. Potziyfe csHMARISE (1S ( st B@eﬂ}é@f%&%}é»“ﬁﬁ'
A hyTpeDeRe
pentamg iy R S BRI E 3 per R A A D R I,
diaminto@EJiaN, HIGt]zﬁda)tnmm}t he homhdontal ‘XXf1i nder {@ap,qopylcyqihpentadwnyl)
Vi scosjty e slur S asured. u
(etramphg SRS ORI BRI OH DPECORPRT S g, rotar rati, and
activatdPUEhg hdER1 Eﬂﬁq&ér{e.s*ﬂﬁrs leYtaBlst F¥aHh &uporfedeon’ skied Csbosil TS 610
in a pilot scale spray dryer. This catalyst was then mixed with Hydrobrite® 550 mineral oil, to

produce a slurry having 18% solids concentration in oil. Significant foaming was noticed.

Example 4:

[00350] The catalyst of Example 3 was mixed with Hydrobrite® mineral oil to produce a slurry
having a higher solids concentration (25wi%) along with 10% n-hexane. Again, foaming was
significantly less. A side by side comparison showed a surprising reduction in the foam
content of the 25% slurry with 10% hexane of Example 4 compared to the 18% slurry of
Example 3.



10

15

20

.25

are shown in Table 2 below. 20 25 WO 2005/082947
PCT/ US2005/ 001708 -52 [003541 Table 2. Viscosity of
wQ2ese8amTy, 10% hexane and 68% oi |l (Kaydol (r)pCT/Bhmas/001708

Rate (1/sec) Viscosity (cPkjl.40 600 5 2.80 564 4.20
524 5.60 492 7.00 466 8.40 446 9.80 428 10 11.20

415 [ 003551 The above slurry was stored in the 125

Exampla$d on horizontal cylinder for about 6 nonths at
anbi ent tenperature After rolling the cylinder for 24

ours, slurry was transferr
o03s11 PO il et Qhmiiing o5 DL Seteds of RatzBE ke H 51 motar ratio,
32% b}I ﬁzé@ﬁ{ & m¥@$1 f0mBHMHA%6Y BS v&hgﬁt lof ChBoNESS 680 wag gtd'pared ina
| uidi zed béd reactor for about 15 hours and 80, 00

pilot 80h1b§pr§lﬁf deyarodie PRIDPEE sizesdistpbuinrcekihe valalyptaspasasiied byMastersizer

nseun L EPLINF R Shbtss LKL DO e 00

Exanpl e 6: [003561 Another slurry using a different
catal yst rati o DIER2rhiron;xed at 5.5 to 1 ratio) was
prepared sim | aDs0@4thrrdsan®l e 5. No foam ng or
handl i ng probl empas3 ghgeantered with this slurry
(22% cat al yst, 10% n- hexane and 68% Kaydol (r) oil).
The slurry was stored in the 125 25 gall on hori zontal

cyl haIERY anoth
s G ATHSE 8 B s BB RSEEL, STPRAARERS st oo

g
of minevakoil r(Kagdcﬂ@r asb mamd‘aclmeail lyssﬂmreptde rCampany) ke itQSt ﬁ]@c&/)ammg and

eact robI m.in er ma e
case oty 111, 4uRT SR EHD 71135 cEABD VEa DL B Gl ribon
agl’catm1 5Af>16iﬂ 483 5 0B ddRd hiferafl oiPiva® didrgddDnko WS 2P igallisicessel, and 71
e properties of the resin were as
lbs. of n-hexane was added and mixed for 1 hour at 40°C. Then 156.4 1bs. of the spray dried
catalyst was added over a period of two hours. The shurry in the 125 gallon vessel was mixed
at 40°C for about 4 hours and discharged into a horizontal metal cylinder of 120 gallon size.

The composition of the slurry was 22% catalyst, 10% hexane, and 68% oil.

[00353] There was no foaming observed. The solids were mixed well and discharged into
the horizontal cylinder easily. The viscosity of the slutry was measured using a Brookfield
viscometer and the viscosity was much lower than the 18% slurry of Example 1. The results

are shown in Table 2 below.
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foll ows: WD 2005/ 082947 PCT/ US2005/ 001708 -53- Fl ow
index: 6.5 dg/mn; Mlt Flow Ratio: 115; and Density:
w@204842941 00357] Unl ess ot herw se indicated, aPtT/US2005/001708

nunber s expressing quant.igpies of ingredients, 5
properties, reaction conditions, and so forth, used in
the specification and clains are to be understood as
approxi mati ons based on the desired properties sought

to be obtained by the present invention, and the

s 7820y BB AR iR OO S By e

significant digits and by applyi ng ordi nary roundi ng

t echni quessheaMN®até tiseepnd| Ng t WakeosdityecPuneri cal ranges
and valjues setting forth the broad scope of - he

i nventilon are alp‘ﬂﬁ oxi mati pns, the @8nerical yal ues set
forth e—repottetd—as—prectsety asg LU possipl e.

[ 00358]| Al I prf%gqty docufprent s are‘%erein fully

i ncor pofated bysseference|for all sp4urisdictjons in
whi ch such incorporation is permtted. Further, al
docunents citeds.b@rein, includlngﬁﬁestlng procedures,

are hereLn—#a#ki—ﬁﬂee+ﬁe+?lcd by—tgference—fpr al
jurisdigctions i 00whi ch slich |ncor§%rat|on
perm tted 15 [PRgS9] Wi lle the Toqgegoi ng 1 s|directed
to enbodi nents of the present invention, other and
further| enbodi n@86s of the inventi4ﬂ$ may be devised
mﬁthout_depaﬁtln" frnnathh baste Sf thereof , and
t he scope thereléf i s deternm ned by ]ishe cl ai np that
fol | ow. —20—25"WO 2005/ 082947 PCI/USZ005/ 001708 -54-
Clainms: 1. A spray dried catalyst slurry for olefin

[00355] TB@hbﬁVe shizgt wasstored mmthesh%gallan hanmry@tcygg@@' don about 6 months at

npri si ng one al sele
ambient ’@grg)@fgugsﬂ gﬁ@qr rﬁgmg ﬁ%\# &%re?‘% gloulﬁb w lg@(s:té%gnssferred to a
catalyst f@&ﬁ-:r th & ﬁﬂ?fli&ﬁtﬂee Redcf! @@ probitgd & Rardshe wag @heduntdred. The slurry

temis spray dried,
was fed to the fluidized bed reactor for about 15 hours and 80,000 lbs of bimodal HDPE was

U7

produced. The properties of the resin were as follows:

Flow index: 8.5 dg/min;
Melt Flow Ratio: 218; and
Density: 0.9489.

Example 6:

[00356] Another slurry using a different catalyst ratio (HN5Zt/X mixed at 5.5 to 1 ratio) was
prepared similar to the Example 5. No foaming or handling problem was encountered with this
slurry (22% catalyst, 10% n-hexane and 68% Kaydol® oil). The slurry was stor-ed in the 125
gallon horizontal cylinder for about 9 months at ambient temperature. After rolling the
cylinder for 24 hours, the slurry was transferred to a catalyst feeder in a fluidized bed reactor.
No problem in transfer was encountered. The slurry was fed to the fluid bed reactor for about

15 hours and 80,000 lbs of bimodal HDPE was produced. The properties of the resin were as

follows:
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mneral oil to forma slurry conprising the catal yst
system and one or nore liquid al kanes having three or
wones/ogarbon atons in an anount sufficient toPCPUSES/001708
foam ng and viscosity of thg_slurry. 2. The catal yst
slurry of claim1, wherein the catal yst systemfurther
conprises one or nore activators. 3. The catal yst
sl urr ¥lo¥ indegit® dg/non; 2, wherein the slurry conprises
up to 20 percent by weight of the one or nore liquid
al kanddelt BlowRetiocat Hlapdt sl urry of any one of the
precedi ng clains, wherein the slurry conprises
bet we®rnsityo 019481 per cent by wei ght and 15 percent by
wei ght of the one or nore liquid alkanes. 5. The
catalyst slurry of any one of the preceding cl ai s,

[00357] WheUgless bliRrwise! indicaRdpralls @8mbers E&r@s@u@e Elﬁ@fﬁitlebyof ingredients,
wei ght  of the catalyst system 6. The catalyst slurry

propertigg, %i%h@%ﬁtiqme e éama»gua@d anrhe sperafiestiantand dpimsr gre to be

mderstS@{'EF éﬁ% tlolng%%ged.rg L ca 3)\{ ﬁ%%;goo t {che obtan%ed by the

presenttlhl&n}tlbﬂ (mxd! the eﬂbﬁbf@easmt’mait retct handnsHoald aideztse be construed in light

of the Gabe of reppried SEpiRRuTi ﬁfl’ﬁﬁ@ o mé'g %ﬂcgréz%}adlag techniques.

NotwitK3tQHRg that MOoHGReAd ah an@pﬁah?é@dse@ﬁ% frfh 8RChroad scope of the
I ndependent|y an unsubstituted or substituted cyclic

invention rage gpRrORiMAIONS OGS/ maa@mal PaTeyUSe0 680 ek7 0portedSas precisely as
s a leaving group; and nis zero or an integer froml
0 4. 8. The catalyst slurry of claim7, wherein CpA
and CpB are each independently selected fromthe
[00358] O CAIR eAeSHyS dotgmeédts cyel apei ddllﬁnMicorﬂoMailylby reference for all
conmbi nations thereof, .and derivatives ther .
jurisdicgigns iy sthicdy sHepyinegrpena|ion fe pepmitted  SrEhe |aHg§Q9P5‘ieﬁ‘f§ ched herein,

O TGO TRED 0 kST R tton

which subk ipopepatoans petiitied.of Groups 3 t hrough 10 at ons;

posmble

[00359] While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.



X is independently selected fromthe group consisting
of hal ogen ions, hydrides, Cl to Cl2 alkyls, C2to
w@idsagleenyl s, C6 to Cl2 aryls, C7 to C20 al kyP&r/ysmp5/001708

Cl to C12 al koxys, C6 to_€46 aryloxys, C7 to Cl18
al kyl aryl oxys, Cl to C12 fluoroal kyls, C6 to Cl2
fluoroaryls, ClL to Cl2 heteroatom containing

Claimshydr ocar bons, hal ogenated C6 to Cl6 aryl oxys, and
substituted derivatives thereof; (3 and y are groups
that each conprise at Ieast one Goup 14 to Goup 16

L Reredetsn Sy B B0 S lifiolh Afadiky ot

ﬁ%ﬁﬁ@sﬁsﬁ&%ﬂb@tﬁ prifips Gné or ared cathlyRs &Bléc&d feomal theagrobp consisting
g, n are each integers froml1l to 4. 10. A net
for pp% peatilingendse ngp-rr@cgalg}cp@q;, @8 A y:g{nbg}atlgﬁ hgrﬁgth oWherein the

t he p@qg%p@&e&llgggg%dﬁg&rprl sing: preparing a catalyst

syste or ‘nore conponents sel ected from
tligeralgsiDidfon A Shusty dognpoisingahatdtagsisgstem; and
non- net al | ocenes, ﬁd activators; dl?' ng[ m neral oil

A& SRy 0

ppe phEogstigyig efkaneshay $eoPTnare S 41 20 Amoynt sufficient
one O, {Ah fohlfﬂﬂigdarﬁlx}féwﬁ% baé E‘l‘iinﬁfhr ee or nore carbon

atons to t urry in an” anmount Sufficient to reduce
f oam ng and VI scosity of the slurry. 11. A method for

2. gjélefl ’ stg éf@.fl ﬁy %8 r Igfsel c?;ﬂ%ly ?sgrﬁ{eg‘lf hE Xy a r1§e(_s) one or

&HasctRAaee reactor and combining with ol efins.

3. The catalyst slurry of claims 1 or 2, wherein the slurry comprises up to 20 percent by

weight of the one or more liquid alkanes.

4, The catalyst slurry of any one of the preceding claims, wherein the slurry comprises
between about 2 percent by weight and 15 percent by weight of the one or more liquid

alkanes.

5. The catalyst slurry of any one of the preceding claims, wherein the slurry comprises up

to 50 percent by weight of the catalyst system.

6. The catalyst slurry of any one of the preceding claims, wherein the slurry comprises at
Jeast 10 percent by weight of the catalyst system.

7. The catalyst slurry of any one of the preceding claims, wherein the metallocene

component is represented by the formula:

Cp*Cp®MX,
wherein:
M is selected from the group consisting of Groups 3 through 10 atoms;
Cp* and Cp® are each independently an unsubstituted or substituted cyclic ring group;
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X is a leaving group; and
n is zero or an integer from 1 to 4.
8. The catalyst slurry of claim 7, wherein Cp® and Cp® are each independently selected

from the group consisting of cyclopentadienyl, indenyl, combinations thereof, and

derivatives thereof.

9. The catalyst slurry of any one of the preceding claims, wherein the non-metallocene
component is represented by the formula:

aaBb'YgMXn

wherein M is selected from the group consisting of Groups 3 through 10 atoms;

X is independently selected from the group consisting of halogen ions, hydrides, C; to
Cyz alkyls, C, to Cyy alkenyls, Cg to Cya aryls, C7 to Cy alkylaryls, C; to Cya
alkoxys, Cg to Cyg aryloxys, C; to C;3 alkylaryloxys, C; to Cy, fluoroalkyls, Cg
to Cyz fluoroaryls, C; to Cy, heteroatom-containing hydrocarbons, halogenated
C¢ to Cy aryloxys, and substituted derivatives thereof;

B and y are groups that each comprise at least one Group 14 to Group 16 atom; wherein
at least one of the Group 14 to Group 16 atoms are bound to M;

o is a linking moiety that forms a chemical bond to each of § and v; and

a, b, g, and n are each integers from 1 to 4.

10. A method for preparing the spray dried catalyst of any one of the preceding claims
comprising:
preparing a catalyst system comprising one or more components selected from the
group consisting of metallocenes, non-metallocenes, and activators;
adding mineral oil to the catalyst system to form a slurry; and
adding one or more liquid alkanes having three or more carbon atoms to the slurry in an

amount sufficient to reduce foaming and viscosity of the slurry.

11. A method for olefin polymerization, comprising transferring the catalyst slurry of any

one of the preceding claims to a gas phase reactor and combining with olefins.



