WD 2005/ 082947 PCT/ US2005/ 001708 -1 DE- FOAM NG SPRAY DRI ED CATALYST
SLURRI ES BACKGROUND OF THE I NVENTION Field of the Invention 5 [0001]

Enbodi ments of the present invention generally relate to a spray dried
catal yst slwpr e particularly, enbodinents of the present invention
relate to awggy(gg)s%géd catalyst slurry for gas phase olljg:fr{[{?z?%/f’%}ﬁ%rl zation.
Description of the Related Art [0002] -Anunber of nethodol ogi es used for
delivering catalysts to reactors require the catalyst 10 to be supported on
an inert carrier such as silica. Inpregnating a catal yst on a support has
often been found to cause a significant decrease in catalyst activity. In
addition, large particle >25 mcroneters) of the support material have
frequently been foufd- FQA@‘&EQ@SRM%BR%D ALH,S@‘M]QR!E,%% particles may

adversely affect polyner properties. This has been observed in film

appl i cat BATKGROEND X PTHIIVENTIONR particl es appear as defects or gels. 15
[ 0003] Spray-dryrng techni queS have been enployed as an alternative to
suppor t e@igidof thellmeentiofince a catal yst has been spray dried, the spray dried
catalyst is added to a diluent to forma catalyst slurry and punped to a
pol ynér i #4051 oFmbedigents of Ahenprgsent tivention gonsalist relate tona wprexnidried pasalyss atustyy st
slurry i I i t he
amoun; of 125 aptiEafty, oG dciE. BRRME Bt Moo £l BE RN SR W o
of sl urrﬁoragasphasedhﬁn@oltyhxenmtbnnt 20 of dil uent that must be ultimately

i sol ated and either discarded or recycled. This separation process is

‘tinely a se capital cost. [0004] However, a high solids
concent r%d %'F'P f“@p gltéﬂéf}a eﬁéfgases the slurry viscosity. A hi gh solids
concent r oA Adtitbet dshERSRIodi IR Bliiveling PAMVAOINRM s k¥ mecc%aifét .

generated by cooling gas during formation e spr ay cat
hi gh 181 uita e spippertadi onyanameagt cfamemsn@ as2Bicaf Ingpregratisga haxaiushongt sppwsit fewsfterst or age

her of or Sod iind iR GREPHETHHER B 5o Brtlogh RhG el ERY, o

cont ent , nficrometers) e tsyppoaﬂ‘ldla&nh] hav%eﬂe(ﬂai\iﬂynbe@f foned i tMOfRGAd PSR
PCT/ U82005/ 001708 SUVNARY OF THE | NVENTI ON [ 00011 A _pethod for, preparing a
spray dr PE@“@atﬁ}%Pmﬁ% may gy sriebeaset ol yms%w%aﬂ?ss pisyhag beerob berved in

film applications where unexploded silica particles appear as defects or gels.

15 [0003) Spray-drying techniques have been employed as an alternative to supported particles.
Once a catalyst has been spray dried, the spray dried catalyst is added to a diluent to form a
catalyst slurry and pumped to a polymerization reactor. A high solids concentration within the
catalyst slurry is desirable to reduce the amount of slurry. A reduction in the amount of shury
reduces transportation expenses. A reduction in the amount of slurry also reduces the amount

20  of diluent that must be ultimately isolated and either discarded or recycled. This separation

process is timely and can greatly increase capital cost.

10004] 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 shurry viscosity and foaming

.25  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.



catal yst systemfor olefin polynerization are provided. In one aspect, the

nmet hod i ncludes preparing a catalyst system conprising one or nore

conponents selected fromthe group consisting of netall ocenes,

non- et al | activators, addingam neral oil to the catalyst 5

systemto ?ﬁlr@%&g’mgzl%g?ry, and addi ng one-or -nore |iquid gFEﬁﬁé@S/ﬂ‘&g\ﬂsng three

or nore carbon atons to the slurry in an anount sufficient to reduce

foam ng and viscosity of the slurry. In one aspect, the catal yst system

i ncl udes one or nore catal ysts selected fromthe group consisting. of
TMMARY OF THIEINVENTEON and a conbi nati on thereof, wherein the

catalyst systemis spray dried. The catal yst system further includes

ni ner al®®8} | Armethad farprenagipg ¢ spRy Aped catelystand adow disqesity dowifasm serandeet or

more | bauyet SYsleAn et dBA BOlyRHERioA arl s, DRlonc SpBAOmE hllnal iR

sufficient to reduce foamng and viscosity of t%e slturry. [00021 Further, a

met hodpieparing ef ¢atalpss| Systemi eemprising Sng oo \mate ¢ompanesitse sedesprstc fromt the grevrhod

conpri . i t . 0 ef | i zatjon,

ad gt g R? b iloBered Bnt b S LA gl R IR BTG FRE . o

nor®e | swteid talfdane slungyy amdjaddinge enoor moreliquid alanes Having thiee oheosd tarbyn i N an

anount sufficjent tq reduce fogpi.ng and viscosity of, the 5 slurry, and
FF anat 8PS sy dp p it GECBR2acdes deanne Bed Kistesty SERSABT-UE OF Tre
PREFERBDa§543¢) alp R083km iRy dhel Omoad dhiMBhts Selécted AGH e BbRPd for

delivering the slurry to a polynerization 20 reactor are provided. 1n one
aspect consisting pf anetajlocenrescranamgiatlocgnes; pyd p sembiationihereph wherain thgtcalabyskt  one

t al LU k i . t wel
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formed by a reaction of volatile conponents and inpurities within the
cat al ygi02] s [Futthgr, awhethed Yort slefin polyineeidatipmsis fppovideda Inooma akpectf thetthethsdir f ace

tension of .the oil, slurry. 5 [0011],. The centrati an of, .t he conponents in
he oI GPRGFite TRERG A GARIYS SYRER CEH N BT A SR Sitsfon udlog pAGHE A 1 o

r educe tfeQaAIRG. sybtBmOB fors RENrry, laB@ing PhaYr eioke g bidai&thavingrihite @@ Rioaé NS Up
to 20 percent by weight of the one o nore Iiﬂui? al kanes. 1 n_anaqt her

as {Ject carbpra alpms g theoflpey g an amount sufficient to reduce foaming and viscosity of the

5

slurry, and transferring the slurry to a gas phase reactor.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0003] A spray dried catalyst slurry and a method for delivering the slurry to a polymerization
reactor are provided. In one aspect, the spray dried catalyst slurry includes mineral oil, at least

20
one catalyst system, and one or more liquid alkanes having from three to twelve carbon atoms.

.25 SUBSTITUTE SHEET (RULE 26)



up to 15 percent by weight of the one or nore liquid al kanes. In yet another
aspect, the slurry contains up to 10 percent by wei ght of the one or nore
liquid al kanes. Preferably, the slurry 10 contai ns between about 2 percent
by meight cent by weight of the one or nore |ji nes. More
preferably, f%%a§5ﬁ ry cont ai ns between about 2 percentCﬁ‘zﬁs\ﬁr!?rj1 &%nd 10
percent by weight of the one or nore |i3uid al kanes. [0012] The
concentration of the conponents in the slurry is also controlled to maxi m ze

the anoy t NG r . Pr nce of
t he quur ?&ane ﬁﬁ%ﬁ&%@&gﬁﬁ%g@@hﬁ%&gggﬁé?ﬁuﬁ%ﬂ%%yg@ﬁ&%ﬁéiﬁ%&%ﬁyagﬁﬁht of
t he cat aslysy oy st East 3 pementasmbelso rediees faanripg. C(Fnammgsma;ymbﬂ@sa rdsflitpr cent
by wei ght of the gatalys stem not her the slyrr i ns at
"base Snevsiiechis BERELE U wleeF SomblaRRERR inpiufles"sitbintas SR

t he sl ur ghfrry CRRdrabyhistvolved ghs R PL Fafiduehy thaetdite t&sidnltF tikeadipdltst Sy st em
Pr ef er abl y the slurry contains fromb5 percent by wei ght to about 35

per cent ht of the catal yst system 20 p rably, the slurry
cont ai nsl lrlbm ecwe%wnﬁ e FgmROnERSS &b%t lﬁePeeﬁkeg B refpg e Visposithe

cat al yst ,sys %ﬁﬁ?y%dfté fé'ahééfo%ﬁfge h oRYaspBdtIRE sirly ARQAUataBRt REAE 6Raituphei ght

of the catalyst ystem The one or nore |iquid  al kanes are
pref er ablZQ/mncqnnhy Wr:raletrof 9mamr marei lismidcalkanies.i Bhanothen aspeet, thej slustyycontainst

Exenpl ar d m 25
nexane. aitchE8 Pe@i (ARG AT e i Hhorl it b 8 dnel S9RETHE Moy
spray dr bc&ﬂhmahp lty 40 petcenitrlyy weighteofathe yndnarsmarevlrcgmxbslkar;es OfPrdferably 30O sluaryl, 500
centipois cP), suc from 300 t enti poi se, at 25C. In one
opedB. Bt buyeis sl 2 plBER S tveiehs ARy | Beeer B SEikf b8 ond Shers gl

1, 000 CPamane%5Cmdr@ S?Jfé}‘ablgr tIRSS18&Y -cohlais SHEREn Aboued perded! ¥ twesdndland 10as a
viscosity of from300 to 500 cP at 25C. In yet another aspect, the spray

dried cabersaitbysvaightyf heong oy mepliquidalkanesr om 300 to 400 cP at 25C. WD
2005/ 082947 PCT/ US2005/ 001708 -4 [00151 The spray dried catal yst slurry may

be utiligf i The QBhdéH&&tidi‘r”of‘"ﬂh& Qoﬁ\Bbfne%t&' ﬁladaé §1urr?% YIE chtdlle@Mo Gibthivs the
Exenpl ary polymerrzatron catal ysts incl ude, are not limted to,

met al | ocemewnt ditbe patalsstcsastm wiithin teeothya nBe tq)ﬂrle wessppe of thnbquid @lrratweﬂ&r

conposi tions | do
G gﬁ 4 818%55??8 0%'%% §&9%§érﬁéyt‘i&e$’ g 1?g?at | g’gg Q%I%er eo 00)161
The t er meoahalay %asﬁY@ben&bntrhswaighi Uﬁ&rea:a;alymﬂn&sﬁm ofln aavthérysspect; the ahxyry

conbi nati on as
contains at least 15 percent by weight of the catalyst system. In yet another aspect, the slurry

contains at least 20 percent by weight of the catalyst system. Preferably, the slurry contains
from 5 percent by ’weight to about 35 percent by weight of the catalyst system. More
20 preferably, the slurry contains from 10 percent by weight to about 30 percent by weight of the
catalyst system or from 15 percent by weight to about 25 percent by weight of the catalyst

system.

[0013] The one or more liquid alkanes are preferably liquid under polymerization conditions
and relatively inert. Exemplary liquid alkanes include, but are not limited to, isopentane,

75 hexane and heptane. 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 shurry has a viscosity of from 300 to 500 cP at 25°C. In yet another aspect, the
spray Gried catalyst slurry has a viscosity of from 300 to 400 cP at 25°C.



described herein, as well as any activator in any conbi nation as descri bed
herein. The term "catalyst" is used interchangeably with the term "catal yst
conmponent”, and includes any conpound or conponent, or conbination of
conpounds nts that is capable of 10 increasing the rate of a
cheni cal Pgééﬁgﬁﬁg such as the pol ynerization or oligof& ?l?ﬁpwwﬁﬂﬁf one or
nore olefins. As used herein, in referdnce to Periodic Table "G oups" of

El emrents, the "new' nunbering schenme for the Periodic TabIe G oups are used

as in the Handb emstr Ph si.cs (David Lide ed,

Press Bi%qlmg.hezﬂﬁ@j fg(?ftfg]t El X‘§¥pnl«1?ct“ﬁ teﬂemcg IHW%‘P“ amy |S‘s“taa’lem xed
cat al ystpofptadratiod c@t&lyéteaﬁien@m_slr_%lﬁﬁdrﬁ@tﬂiﬁecat&?s‘tﬁin\éﬁfde Wﬁdﬁtlnﬁﬂfé& @ |east
one non-netal | ocene conmponent he m xed cat al yst system 15 may

descri bégetaldocsngs; Eeup | |5c°%41@mﬁs?°n&t9ﬁiﬁfsmhﬁl@ﬂ¥14ﬁ transition; metaétcam;agmwns

CoOnposi tC'h% 5/% 6%99 yst(S géxﬂpéleiééebﬁ eliis %%g@;l(?) lGrSuf@E?ﬁn%‘&ﬁ‘xdg %@HQ {ybd on”

and "bi meta l'ic cata emthat
i ncl ugjeshdzrmf and ¢oorténations therenf. cat al yst conponent s, each having a d| fferent
nmetal” group. The terns "nulti-catalyst conposition” and "nulti-catalyst”

I ncl ude Li.0 t K r

di fferer@ﬂca'tclg{‘:“ﬂ)?‘gs)l?ﬂ :y %onen & %ﬁ?gﬁgg@:ﬁg@o{ﬁﬁgfkﬁ?f&@ e%nepgrgs terns

" bi met aIdIeismhedtlmfe;mtas onetipassaryi aetiyétor inbanyectoaibhnauon:at; degesived héreim) tTheaeaiml yst

conposi ti on I fi-cat .col.lectivel referr to herein
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Non- net abhifeffe o RBRPARMAL, orZontikkdh %m%bamé SOHRnats, HE AN daﬁamoeﬁ nt

|ncI ude, but are not linited to, a Grou cont ai ni ng cataIy "Group
ﬁi (?t anereasingcthe zaty of & chemieal mceem,éachas thepalymerization ga@hggm@upat@ntoé oneG oup

GROR! AsGR: KOG ﬁ'er&ﬁelrpf‘etf&%:ncgsto Deti d1é1 T8 %‘f&ﬁ}g er{u%l'ﬁs the and up

coordlnatlng moi ety ~or noleties Include at east two
to four “@ewﬁ;nufhbexaﬂg)memb fordthe Peraorio @able Giroups laee Ged ap mtﬁle((m& Hamdbogk ofit al yst
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| east 2 coordinate and the coordinating noiety or noieties include at |east

two ni t remen.Inbae iﬁﬂzcﬂ, me@aal}eﬂmwtﬂmmmixédtat@mpsté:ﬁof aritast ohdwgetaidoahy/ st My
i ncl ude, T I s not rH ted t
5 catalyst component at least one non-metallocene component. The mixed catalyst system

may be described as a bimetallic catalyst composition or a multi-catalyst composition. As used
herein, the terms “bimetallic catalyst composition” and “bimetallic catalyst” include any
composition, mixture, or system that includes two or more different catalyst components, each
having a different metal group. The terms “multi-catalyst composition” and “multi-catalyst”
include any composition, mixture, or system that includes two or more different catalyst
20 components regardless of the metals. Therefore, terms “bimetallic catalyst composition,”
“bimetallic catalyst,” “multi-catalyst composition,” and “multi-catalyst” will be collectively

referred to herein as a “mixed catalyst system” unless specifically noted otherwise.

Non-metallocene Component

2 [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



5 G oup 4 imno-phenol conplexes, Goup 4 bis(am de) conpl exes, and G oup 4
pyridyl-am de conplexes that are active towards olefin polynerization to
any extent. In another enbodi ment, the G oup 15-containing catalyst nay be

descri bed llowing fornula (1): aa~i bygWX~ (1) 0020] Each X is
i ndepende 20%%@%‘& ed from hal ogen ions, hydrides, 1”5%%3&% Oéﬂ"}?@ C2 to

Cl2 al kenyls, C6 to Cl2 aryls, C7 to €26 al kyl aryls, ad to Clz al koxys, C6
to Cl16 aryI oxys, C7 to C18 alkylaryloxys, Cl to C12 fluoroalkyls, C6 to Cl12

fl uor oary Cl to r oat dr ocay hons hal. o nat ed C6
to ¢ To it e Suirhian it B Rt aERA Rafl DS opHaERR B8 Borgiihy

sel ect edrﬁxbmﬁescmaucﬂba%léastﬁrr@nmogalsatons i n one enbodi nent; and sel ect ed from
Goup 3 to Goup 10 atons in a m)re parti cul ar errbodi ment ; and sel ected from

Goup 3.t ou to nor e artlc | ar e and ,sel ected
fr ot o @eRuodiyfil e HSp 5-EokniBE bty SRR B R o BE45
sel eqt e@réﬁﬂﬂrﬁho-@ﬂdlol"boin@lex@i C&oﬂi@# Bispanite)dshiplexes; B Growpd pyrid)1-4RRR2] Each

(i and y are groups that each copprise at |east one Goup 14 to Group 16

atom  SAEPIGXER Areseive iyardslelin pelymerztion o Rtent. olnmnpw%%lw Hadtheen 2
and 6 GyUBrobf14- Qontﬁlﬂtha@a@ys@hﬁ%c d@stcn{)%} thE ‘ﬁﬁlo% nﬂﬁfan G oup

15- cont ai ni ng at ons More parti cul arly, y are groups selected
from Goup 14 and Group 15-contai ning: al kyl s, aryI s, alkylaryls, and

het er ocycl i ¢ hydrocarbons, and chemcally bonded conbi nations 25 thereof in
one enbodi nent; and sel ecteg BE[SM% G oup lgl)and G oup 15-containing: Cl to
C10 al kyls, C6 to C12 aryls,® 8 C18 alKRylaryls, and C4 to Cl2

het e ocyclic hydrocar bons, and chem caI I y bonded conbi nati ons thereof in a

nor e parti nbo an C10 al mnes, Cd to
Ci0 af’ké%ﬁ B £0 BIPENeERSIra il TolgseR Prertrdies G § I SLoBIS Gt s 1o
Cl2 ni t yPEReryBNCAINTCAGIVR] €F ﬁﬁ&ié|all@ldﬂyld,r©10t@r(h9 a&oxyasn d6 @Ac;6carﬁa>ajsgd:4<w|
substituted_ nitrogen containjng h erocycl | C#ﬂ% rocarbons and chemcally

bonded ConBlrROlons Cnetd i .ﬂvor%i sa Grof® CondVPEards: entio dripeteroaiaiy

sel ect e%ﬁts%%%gaﬂowu&rﬁ haxgéﬁyéd%é 18 wg@mkﬁs axmubet&twea demuzg%érQ&Z 947
PCT/ US20051 0 -6 pyrimdyls, purinyls,” imdazyls, indolyls, Cl1 to C6

al kyl substituted groups selected from_ anilinyls, pyridyls, qU| nol yl s,

pyr 1 o ylIl@21pt isselagted fromm Grenp 3 fo SiavaalZatems imensi sptpdinerity sdsglectsd Rpmani ne
substl t ;66 91QEPGpSR) SohE%AnTd ﬁg}eaﬁﬁrﬂdtﬂ‘é{'le?nboﬁﬂﬁénﬂyinﬂ’seﬁUﬂe@ Rlo¥d Eroup¥d 10! VI S,
Group 6 atoms in yet a more particular embodiment; and selected from Ni, Cr, Ti, Zr and Hf in
yet a more particular embodiment; and selected from Zr and Hf in yet a more particular

embodiment.

20 [0022] Each B and y are groups that each comprise at least one Group 14 to Group 16 atom;

and B (when present) and y are groups bonded to M through between 2 and 6 Group 14 to

Group 16 atoms, at least two atoms being Group 15-containing atoms.

[0023] More particularly, B and vy are groups selected from Group 14 and Group 15-containing:
alkyls, aryls, alkylaryls, and heterocyclic hydrocarbons, and chemically bonded combinations
25 thereof in one embodiment; and selected from Group 14 and Group 15-containing: C; to Cyo
alkyls, Cs to Ciz aryls, C¢ to Cig alkylaryls, and C4 to Cj; heterocyclic hydrocarbons, and
chemically bonded combinations thereof in a more particular embodiment; and selected from
C; to Cyg alkylamines, C; to Cyo alkoxys, Cg to Cyg alkylarylamines, Cq to Cys alkylaryloxys,
and C4 to Cj, nitrogen containing heterocyclic hydrocarbons, and C4 to Cy, 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, pyrrolyls, pyrimdyls, purinyls, imdazyls, and

i ndol yl's; hydroxy substituted groups selected fromanilinyls, pyridyls,
qui nol yI s, pyrrolyls, pyrimdyls, purinyls, imdazyls, and indolyls;

met hyl - t phenyl am nes, and chem cal | y bonde S thereof
|n yet a ﬂ@igb#@gﬁgl cul ar enbodi nent ; g0024] Each a |SP(§I%F§H§% 8’?

"bridging") noiety that, when present', forns a chem cal bond to each of (i
and y, or two y's, thus formng a "yay" or ",ya(3" ligand bound to M a may

| i . nd th h
Fhel o SRS, Burd ik Poledyft. B CE, 3 O ANl d G et i OV
i Iska d: wrdlingyid, hﬂyltnﬂylgi Qginglys, @ylrmmleqiyﬁ;hﬁd%m npuainitis| eﬂﬁhfylarmtlﬁm@s C1 to Cs

a en e I C ar epes arl n er oa con i nin

al kyl anlgqma{eeﬁﬁbﬂ%ioﬁ@ap 3 % C&fikiﬁ?ﬁ %a%@i%oayepﬁg pymolyls,” O
hydr chfiﬁﬂﬂﬂdkl@nﬁﬁmnyl@ ﬁﬂﬁa@moﬂa@@mt am%kdsﬁﬁhﬁﬁéde@mﬁlhﬂg‘ Eglﬂd;@s Chomi1KY | enes,

C2to enyl enes arylenes, Cl to dival ent ethers, C6 to

Cl2 0- Byrrcrlwlé@mrmldyhgpwlgmls@ n@e,dazriz ang indelyl Sahk@méhéabﬁlhw grops: selected’

aryl ene n t ti . N: .ticul ar
enbodi rrgrg}tn Eflgﬁs?}%y?ﬁd?ﬁ gﬁlﬂpﬁ,&égﬁrb]}&% #yﬁ_ﬁ%daﬁkg;p%gikylg, 3‘?{13%128’?5 859 g ‘?n ﬁ a nore
parti cuhlaﬂlybsdbshtuttvdmh;enﬁamms,i andichemirally bordedoroe bzatiphs thesof ammdu Immat, bis
an integer 1 m,0.to % g is an integer from1l to 2; wherein in one
enbodi ?fcugeln’abo‘.iﬂm is 0 and g is 2; and [0026] n is an integer fromO to
4 in one enbodi nent; and an i nteger froml to 3in anore particular

enbodi n@poid] Bavdl ceis ai lhikhme(br Firidping”) moity tlhatymhempmrﬁ, ibﬁflﬁ:itﬁhﬂnﬁﬁal dotabidi ment .
[0027] As. used herein, he | | y bonded cqunbi,n S ther neans t hat
) acen Rl pa T (3Rt y Tl UGS R OF 1S L REARCnE o G EREAFot hem
I'n one gsiRske FGoup tlhqo%@ﬂﬁ 18 atdii QMRS A4ELE PéTted 3 M tihouphate Gispuphoone or
nore a groups there bet ween. 100281 As used herein, the terns

"al kyl e He gtoma el one, oybediEnants o mersspATiGHarky, 16y Isadridivalent brdeing \rowi nes
th |

bondy. wiieiidfto, JRIGES alfftdcS My os, HRerB i8R s dMiter) BAED RtrBAGHT C2

exanpl ecmftammg adi{qudee,mateml ®ntaiﬁlﬁg:hlkmmﬂ&)@Hﬂmd®rqcyaIMhmo®xm1eaesof a

het er oc rocar e 2005/ 0829 CT/ 200 1708 - r
o enc it phemisdiet Rl Sitcier Wi O PG aliylengs, Tobion akehdRymsnds B ¢ -
group S‘dﬁ'l'&n% Cy @rcl%x&ﬂ?ﬂklﬁ ethéfs2 G2 CEH3 ) G2 8Eontaining arylenes Cy to Cpo

alkyleneamines, Cg to Cj, aryleneamines, and substituted derivatives thereof in yet a more

particular embodiment;

[0025] a is an integer from O to 2; a is either 0 or 1 in a more particular embodiment; and a is 1
in yet a more particular embodiment; b is an integer from 0 to 2; g is an integer from 1 to 2;

wherein in one embodiment, a is 1, bis 0 and g is 2; and

[0026] n is an integer from O to 4 in one embodiment; and an integer from 1 to 3 in a more

particular embodiment; and an integer from 2 to 3 in yet a more particular embodiment.

[0027] As used herein, “chemically bonded combinations thereof” means that adjacent groups,
(B and y groups) may form a chemical bond between them. In one embodiment, the B and y

groups are chemically bonded through one or more a 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 B and y groups. Thus, an example of an
alkyleneamine is —CH,CH;N(CH3)CH,CH;—, and an example of a heterocyclic hydrocarbylene



[0029] In yet another enbodi ment, the G oup 15-containing catalyst may be
represented by the structures (I1) and (Ill): 55 RS Rl I-R7 R3\ MXn RZ
ZI R6 10 R 10030] (II) RS R7 15 *R\ /E\ R3 L y\Z/ MXn R4/ R6 20 O [0031]
(1) [00321 wher e| n E and Z are G oup 15 el enents independently sel ected
from ni tr SYRAH*4’phosphorus in one enbodi nent; and nPEF/EEINS/ARTO8 NI €
particul ar enbodi nent; [0033] L is selgcted from G oup 15 atonms, G oup 16
atons, Group 15-cont ai ni ng 25 hydrocarbyl enes and a G oup 16 contai ning
hydrocar bgwf:nes Jin, Onfg iqll ment; wherein R3 is 5 absent when L is a Goup
16 at o epeqmige sy P{g%irt( ialenk Paidinsd Aerl kymﬁrmmm”ssowmp suchias,

sel ect edod gx@iplR eICHLIHEE gHéN ©gAar byl enes; and in yet a nore particul ar
enbodiment, L is sel ect rom ni t rogen, phosphorous anilinyls, pyridyls,
qui nol yl s, rronIs |md purinyls, imdazyls, indolyls; O to C6
al kyl sn!ﬂ?%%u eéan%b%& OQW ﬂb@j&mdﬁmnﬂam @talyqjymaym represguied by Hes,
pyrrol ylsguc uﬁ}ggcq_? ggﬁ. purinyls, imdazyls, and indolyls; C to C6 WD

2005/ 082947 PCT/US2 %/ 001708 -g al kyl am ne substituted groups sel ected
fromanilinyls, pyridyls, quinolyls, pyrrolyls, pyrimdyls, purinyls,

i ng dézyls, indolyls; amine substituted anilinyls, pyridyls, quinolyls,
pyrrolyls, pyrimdyls, purinyls, imdazyls, and indolyls; hydroxy
substituted groups sel ected

Ts
RP——L MX,
}12 z/ R
10 I
R?
[0030] In
5 7
15 R\ R
E
/L'y MX,
R? \z
/
R* R®
20
0  [0031] (¢11)]
[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
.25 hydrocarbylenes and a Group 16 containing hydrocarbylenes in one embodiment; wherein R® is

5  absent when L is a Group 16 atom; in yet a more particular embodiment, when R® 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 Cs



fromanilinyls, pyridyls, quinolyls, pyrrolyls, pyrimdyls, purinyls,

i mdazyls, and indolyls; nethyl-substituted phenylam nes, substituted
derivatives thereof, and chem cally bonded conbinations thereof; 5 100341
L' is selected from G oup 15 atons, G oup 16 atons, and G oup 14 atons in
one enbodiweesoat sel ected from Goup 15 and G oup 1BcRyQEss/domeg Nor e
particular enbodinent; and is selectgd fromgroups as defined by L above in
yet a nore particular enbodinment, wherein "EZL" and "EZL"' may be referred
to as a "ligand", the EZL and EZL' |I|igands conprising the R* and R -R7

gr oups; alkplaidp35ubstituietd droupsayelestedmafromotanflimyiy apyartiyts, WigkiolMs, { HRRGAs,Y | S
ani nt eger. . ing.fromQ,to 2. n is O royp L., *R and R3 are absent);
[ 00371 ﬁrluéx%glg,l gg’i’l@'és’flfnd?ﬁz&soﬂﬁvc\’gﬁf’o u?}"bgt%ﬁfegn%‘?h@%u@’rﬁiyé% givnolds.a nore
par ti cupwrtolyld,Spyeintiagls, Riinyls Aiides1€ Ghe dnddlas) Kydr@(ydsﬂstiﬂu%dygrhuﬁé diYcfed

particular enbodi nent; 100381 n is an integer ranging from1l to 4 in one
enbodi mEARL antlinyds, Hridyls cgERolYlGnRyrE)YIS, BYRmIdyls, parinyls,aimidezylspand imdolyds;

enbodi NRthyl-fReRAkd RineANEmRR s, A6t A0ASRILY metkd@! £t Rl:Ag] ups

sel ected f?fom al kyl epglhees?l ZOS’ar ylselnei‘a,O het e?’%%t%&n%%n@gi ﬁ?{%g%b}@?‘g{ﬁgs

het er oa¢tumbisasionsithaienfy aryl enes, substituted al kyl enes, substituted aryl enes
and substituted heteroatom cont ai ni ng al kyl enes, wherein the heteroatomis

sel ecte i dof , i i phosphoy ous, .boron and
sul fur PEboE BllsRl e e, 19 atbiRl hond Y5 BRI URSRCE! 2ok 8 et

ar yl enesmbdémentpandseleciedt fiomi Geou@l 150akR Gravkyleenesnant a more particular

het er oat 0 ont ai nj ng t.o. Cl2 arylenes.in.a re particular enbodi nent;
and in %ﬁgdgm%’rgn 1 o110 8O ) Sn%sngefg’égekﬁft ggahoygﬁp_yeﬁg_rporem) 2-,
- C( C6H5¢bodiméntRfekitein “EZHR Gt G21-° may ¥FeBd to ash (“Qghﬁ)’?ﬂle E71.GRatEYT, -
C6H4-, and substjtuted derivatives thereof, the substitutions including C
to C4 algapdscomymisingthe R ped RaRogeoMpsadi cal s; 100401 R3 is absent in one
emyodi ment; a group sel ected from hydrocarbyl groups, hydrogen radical,
hal ogenpbafi Cah$L’ ARForelyeR &Rt GAALIAY groups in a nore particul ar
enmbodi ment; WO 2005/°082947 PCT/ U82005/ 001708 -9 and sel ected from|inear

al kyls, cyclic alkyls, and branched al kyl s havi ng 1 to 20 car bon atons
[0036] Y is an integer ranging from 0 to 2 (when y is 0, group L’, *R and R’ are absent);

[0037] M is selected from Group 3 to Group 5 atoms, Group 4 atoms in a more particular

embodiment, and selected from Zr and Hf in yet a more particular embodiment;

15
[0038] nis an integer ranging from 1 to 4 in one embodiment; n is an integer ranging from 2 to
3 in a more particular embodiment;
0039] R' and R* are independently: divalent bridging groups selected from alkylenes,
20 arylenes, heteroatom containing alkylenes, heteroatom containing arylenes, substituted

alkylenes, substituted arylenes and substituted heteroatom containing alkylenes, wherein the
heteroatom is selected from silicon, oxygen, nitrogen, germanium, phosphorous, boron and
sulfur in one embodiment; selected from C; to Cy alkylenes, Cg to Ciz arylenes, heteroatom-
containing C; to Cyg alkylenes and heteroatom-containing Cg¢ to Cjz arylenes in a more
particular embodiment; and in yet a more particular embodiment selected from —CH,~, —

.25 C(CHs)y—, —C(C¢Hs)z—, -CH,CHy—, —CH,CH,CHy—, —Si(CH3)p~, ~Si(CeHs)—, —CeHip—, —
CsHy—, and substituted derivatives thereof, the substitutions including C; to C4 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;



in yet a nore particular enbodi nent; [00411 +R is absent in one enbodi nent;
a group selected fromhydrogen radical, Goup 14 atom containing groups,

hal ogen radi cals, and a heteroatom containing groups in yet a nore

particul ar enbodi nent; 5 [00421 R4 and RS are independently: groups sel ected
from al kyl syo angbse47substituted aryls, cyclic alkyls, pgbstichbsdeescyclic

al kyl's, cyclic arylalkyls, substitutedcyclic arylalkyls and nmultiple ring
systens in one enbodi nent, each group having up to 20 carbon atons, and
between 3 and 10 carbon atons in a nore particul ar enbodi nent; selected from
C to C20d seltcked foom [near olkgpcyshy bkylsCind rahed atkylsdiakingsl, to@0ctarbon atoms

het er oat; i N r .or exanple 10 PR3, where R is an alkyl
group) ﬁ‘ﬁ%éﬁ%‘? %@g%%ﬂ%%gﬁ?e&r’ enbodi ment; and [0043] R6 and R7 are

i ndependently: absent in one enbodi ment; groups selected from hydrogen

r adi cal $904HaFRge abseadincardessmbralimenas @rouposdeaieadi fiogm drydtypen aadicdlydroapalidbyl s i n

a nore articul.ar enbodi ment; selected fromlinear, .cyclic and branched
B kyl o A5 R EX00PE. bApeR SpBERS and e Oy ep el gins S more
enbodi ngaiticuldSerhBdfAdntR and R2 may be associated with one another, and/or
R4 and R5 may be associated with one another as through a chem cal bond.

[00545] Descr i bed yat nmor ticularly, the oup . l15-containing catal yst can
be doscAd RN i care dsaParenie T °@9%ﬂ?ﬂ@§s’(¥ws, sybghituied Aryy )
(Where "chelid Slkik! sdegited RRlLEAkylsRRIvMic Rryldkyfy NsdbRtifthedRORlic aylaliylsl HAA61 ~)
WD 2005/ 82_947ﬂF5CT/ USZQOS%%OI?O% - YO eytdgt atylalty

multiple ring systems in one embodiment, each group having up to 20 carbon atoms, and

between 3 and 10 carbon atoms in a more particular embodiment; selected from C; to Cyo

alkyls, C; to Cyg aryls, C; to Cy arylalkyls, and heteroatom-containing groups (for example

10 PR; where R is an alkyl group) in yet a more particular embodiment; and

(0043) R® and R7 are independently: absent in one embodiment; groups selected from
hydrogén radicals, halogen radicals, heteroatom-containing groups and hydrocarbyls in a more
particular embodiment; selected from linear, cyclic and branched alkyls having from 1 to 20

carbon atoms in yet a more particular embodiment;

15 . )
[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):

20

'
[ 1‘{2.
- N\‘
1 : M(X)n
R® 7
.25 I SN
R4' / R6I
5!

R w

[0046] | av)



R R R M~n 5 RSARI=Nw [0047] (V) 10 R ~R-N R'-NMX)n 15 \R -N
R3. w [00481 (VI) 20 [0049] The structure (IV) represents pyridyl-am de
structures, structure (V) represents imno phenol structures, and structure
(VI) represents bis(amde) structures; [0050] wis an integer froml to 3,
and 1 or 2 we2aosnse@7particul ar enbodi nent, and 1 in yetpcgudihs@oRey ticul ar
enbodi ment; 100511 Mis a Group 3 to Ggeup 13 elenment, a Goup 3 to Goup 6
elenent in a nore particular 25 enbodinment, and a G oup 4 elenent in yet a
nore particul ar enbodi nent; and [0052] n is an integer ranging fromO to 4,
and from1l to 3 in a nore particular enbodinent, and from2 to 3 in yet a
nore particul ar enbodinent, and 2 in yet a nore particular enbodinent. WO
2005/ 082947 PCT/ US2005/ 0017 -11 [00531 ch X is independently sel ected
from hal ogen ions, hydrides, ClRi-o Cl2.al kylis, C2 to Cl12 alkenyls, Cr, to
Cl2 aryls, C7 to C20 al kyl afylsi>C1 tg*Cl2 al koxys, C6 to Cl6 aryl oxys, C7

to C s alkylaryloxys, Cl1L t¢ C12 f oaI kylis, C6 to C12 fluoroaryls, Cl to
ar bo

Cl2 heteroatom containing hydrog d’lal ogenated C6 to Cl6 aryl oxys, and
substituted derivatives thefeof. IN%tures (rvy), (v, and (V1),
engs 3 d' het/ef m

R '%s sel ected from hydrocaf byl
R R'—N

[0047] V)
10
R?
' |
J/ RN
R _N\ L M(X)n
RE—xN
15 L,
R
L — w
[0048] (VD)

20 [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

.25
2 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,



5 cont ai ni ng hydrocar byl enes in one enbodi nent, and sel ected from-Si R2-,

al kyl enes, aryl enes, al kenyl enes and substituted al kyl enes, substituted

al kenyl enes and substituted arylenes in another enbodi nent; and sel ected
from - Si R2y, dﬁ%%kﬁmgﬁ al kyl enes, C6 to Cl12 arylenes, C to C6 substituted
al kyl enes an t0 Cl2 substituted aryl enes in anot herPAPBAN5/B1708 [ 00551 R
Is selected fromd to C6 al kyls and 1&8 to C12 aryls; and R2', R3'", R4i,

RS, R6' and Rt 10 are independently sel ected fron1hydride Cl to C10

alkyls, t cyclic
hydr oca[? %?/]I s]?a %‘ﬁ‘é? r|rl % gﬁﬁdgﬁ%&f f(s&léll}'éi ?&ngu’olg |r’tdﬁ? e(g t@fyé]‘? BE‘@% %alt‘ill S,
subst i t&ietends, s tCiGs, ansyCaMﬁ alkahn:lylsglmso i blkdxfs4 Ck €0 ClarfiBkpy asYs! i C
hydr ocak by. | v» bonde nbi pations thereof in one enbodi nent.
[ 0056] e A@I%B%’e‘%% r@n ' éﬂ“"&"&ﬂ%(g Sib8d e FEOTO8HS: | G 4p e dietespaienst nent
R*- N r epntiig 18ydrdcarbans) ihhlogerRaied G31ié € dry16xya! &wosuggmﬁﬂeaaeﬁ%be@ﬁeéopy“ dyl
group or a substituted pyridyl group that 1s bridged by the R" groups. In

t b t the Rl f h |
bond"t OB 5GP AadShant VD8 dheree %e%emaﬁdgqcar@%{eaé‘s‘é;d@%cﬂt% b
(vs) Fz:bntam@g)daf&ﬂﬁlénesnmdm%ﬁmbcﬁﬁiem a&eﬁ%ﬂlﬂ?ﬁLS&z@reﬂ%{é&P%ﬂenes

2- propyl ene,

. =S
pherallfq&lemh@}dewbsamdelg@ﬁlpgegt mbs@n@dl @ih¢n}ﬂ@wd9)n,d m’odtltuted ztmyleaes [©0058] In
t ”ﬁ%;a 2-
?relto ﬁ;/l Ip ensﬂr ﬁgéﬂ?eﬂltd Ctéa 2 | 520 &;_'th CQ%&‘?@%‘&F %@0 ?)arlgﬁfl ghg(hérom

2-tert stuhstwmdhylbneszndtktmcgpmmte,d azylatebnraxwmmmboanwnamphenyl
2- et hyl - 4- chlorophenyl 2-n-propyl -4 25 chlorophenyl

2-i so- i _ter te: bup yl - 4-

)50 T e LGB ARG o T ori by

3-1? S Ot [0:105) ?Mbpeﬁdﬁt]ly%fe@ﬂﬁb ﬁ@lyﬁ hydZidé, :Iﬁ -t m}lydlky}s f(télt@r(DlEB@W |C(, to C1s alkylaryls
ert-bu uor.ophen - brono

2-n-pro 1°y4312 BP%ﬁﬂgﬁwdrg@bb’é n‘g’ﬁ%% 1-G-tg %W@ﬁﬂ%)ﬂlb“@t?% & Gy aryls,

br Omp%ﬂéﬂmtecﬁ%%t ct%uamé}l Isb nAdeRheR¥lds cgng Ehendibd ch\é\qlr@?%i#gﬁz Qﬁkf

PCT/ US2005/ 001 I'n yet another particu ar e nt o
struct thelglcelllmo@n@lcqmml)aathnathemﬂlme embedimest.ect ed from 2- et hyl phenyl ,
2-n- propylphenyl 2-is o-propyl phenyl, 2-iso-butyl phenyl, 2-tert-

buty' p*}ﬁd%){ wﬁ ]gmular% Eenyqpﬁﬁa/{n’a&%%ﬁ%ﬁgﬁ{%{,’RﬁﬂbMéﬂpenyl’

4- n- prop eny propy I so- but
44fert abmtrygqnmm;tin,mgﬂfgmhpl or npgmmy las a pyridyl igorugpdrvensubstithicdr pynidplhgroyp that

6- met hyl %Q&Ee\élby B R1P{ 091}{3 RA ygtyanbther SOt RPNGRY Lbserelst_, LPihe RV groups

form a chemical bond to one another.

[0057] In one embodiment of structures (IV), (V), and (VI), RV is selected from methylene,
' ethylene, 1-propylene, 2-propylene, =Si(CHj),, =Si(phenyl),, -CH=, —~C(CH3)=, —C(phenyl),—

20
, —C(phenyl)= (wherein “=" represents two chemical bonds), and the like.
[0058] In a particular embodiment of structure (V), R> and R* are selected from 2-
methylphenyl, 2-n-propylphenyl, 2-iso-propylphenyl, 2-iso-butylphenyl, 2-tert-butylphenyl, 2-
fluorophenyl, 2-chlorophenyl, 2-bromophenyl, 2-methyl-4-chlorophenyl, 2-n-propyl-4-
05 i 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.



~ butyl phenyl, 6-tert-butyl phenyl, 6-fluorophenyl, 6-chorophenyl,

6- br onophenyl, 2,6 5 di net hYlPhenYl, 2, 6-di-n-propyl phenyl, 2

6-di -i so- PrOPY1PhenYl, 2 6-di-isobuh' 1PhenYl, 2,6-di- tert-butyl phenyl,

2, 6-di fl uorophenyl, 2,6-dichlorophenyl, 2,6-dibronophenyl, 2,4, 6-

trimethyl pleyw 6 tri-n-propyl phenyl, 2,4,6-tri-i yl,

2,4,6-tri-iso- Eut?ﬁ phenyl 2,4,6-t rigrtent butyl phenyl , S&%é}%hgﬂﬁp

2,4,6-trifluorophenyl, 2, 4- , 6-trichldrophenyl, 2,4,6- trlbronDphenyI,

2,3,4,5, 6- pentafluorophenyl 2,3,4,5, 6- pentachlorophenyl

2, 3, 4, posdy naniealah@mp aYilar aﬂagodiﬁi@m HCsti-hdegres TBPAOHd (0 25@\@? Q@[ Rfe:n‘ggdl nent
ecte

of struct ures Xis i ndependent ly"s rom

f 1 uor i tfeectedriom Zﬂtethvﬁaw@ﬁyld%- -mmenylezm-propﬁ@hynyl b@niqultylplpnﬂnw@ky,

benzl Opity h OX eny! 1- ut

2- phenyl lgﬂ%uFo%mg%lﬁpHigp %chlarrog 0611 %‘\s&é@%g ‘P mé),lp ti Ig'if}'/bonded
C(ﬁnbl nmppﬂnlfenyhe%ms prmwlaésm-bwbmaneﬂ&utﬁphmw Uhﬁﬁmplhen?lomd bet V\ﬁen
t hem S or arln r sat artia sat ur at ed,
or aro roghen g}?n%g ﬁgqph ivphéle%sp%?y?ﬁeé‘y%'%g“ﬁ &@%P&lr e

cat al yattylph@yr eléﬁteﬁ%ﬁtyﬁﬂlebyl t@ﬂuorspﬁeuylt Uigegnldryphenl, - 6(Mbﬁlb};he&1yher q 6-N" is

ni t5r og n) o 25 D, 2005/ 082947 PCT/ US2005/ 001708 13- Ra N Rt

RL N phenyl Rg0-diptnsopyiiphenydy 2 f-difsomuopBiphenyl) H§- d.l:lsqizutmhmyl F& 6 d==N N 15

tert-butylphenyl, 2,6-difluorophenyl,  2,6-dichloxophenyl, 2,6-dibromophenyl, 2,4,6-

trimethylphenyl, 2,4,6-tri-n-propylphenyl, 2,4,6-tri-iso-propylphenyl, 2,4,6-tri-iso-butylphenyl,
2,4,6-tri-tert-butylphenyl, 2,4,6-trifluorophenyl, 2,4,6-trichlorophenyl, 2,4,6-tribromophenyl,
2,3,4,5,6-pentafluorophenyl, 2,3,4,5,6-pentachlorophenyl, 2,3,4,5,6-pentabromophenyl, and the

10 like.

[0060] In another embodiment of structures (IV), (V), and (VI), X is independently selected
from fluoride, chloride, bromide, methyl, ethyl, phenyl, benzyl, phenyloxy, benzloxy, 2-
phenyl-2-propoxy, 1-phenyl-2-propoxy, 1-phenyl-2-butoxy, 2-phenyl-2-butoxy and the like.

[0061] As used herein, “chemically bonded combimations” means that adjacent groups may
15 form a chemical bond between them, thus forming a ring system, either saturated, partially

unsaturated, or aromatic,

[0062] Non-limiting examples of the Group 15-containing catalyst are represented by the
structures (VIIa) - (VIIf) (where “N” is nitrogen):

20

.25



\N'1 (X)n Mvh

-NN R4 R R320R6 RR4 10064] (VIIb) (VII1) .25 WO

2005/ 082947 PCT/ US2005/001708 14 4 RS RL NR2 5 M~-o00. [0065] (VIId) Rt

Rs R4 Rt R3 10 cv->i

(X)n [0066] (Vile)

15 R Rl 20 O RSN\ R6-N-1"'I (X)n

25 R3 R4 [0067] (VIIl) WD 2005/082947 PCT/US2005/001708 15
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.25
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[0064] (VIIb)

PCT/US2005/001708
(VIIa)
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N
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R* R
(VIc)



)0681 In structures (VlIla) through (M1l) Mis selected from G oup 4 atons
in one nbodinent; and Mis selected fromZr and H in a nore particul ar
enbodi ment; DO69] n is an integer ranging fromO to 4, and from2 to 3 in a
nore partic iment; nd 5 00701 R through R" in_structures (Vlla)

t hr ough (VI I‘J\}E(?fog&?b(;g)ggl ected from hydride, fluorine adi cBYTURMNIHOITE
radical, brom ne radical, nmethyl, etb4t, n-propyl, isopropyl, n-butyl,

i sobutyl, ert-butyl and phenyl. 00711 Each X i s independently selected from
hal ogen ions, hydrides, C) to Cl2 alkyls, C to -12 alkenyls, C6 to CIl2
aryls, C7 to C20 aIkyIaryIsR4C; #p 2 al koxys, C6 to Cl16 aryloxys, C7 to
10 .ig alkylaryloxys, Cl to | uor halkyls, C6 to Cl2 fluoroakyls, Cl to
Cl2 heteroat om ; ont ai ni bop al ogenated C6 to Cl5 aryl oxys, and
substituted derivatives thedeof. ?2r e agbly, at least one Xis a

hal ogent at ed aryl oxy gr o a/deriva e thereof. More 3referably, at

| east one X is a pentafl utroghenhoxy gfroup. \4etal |l ocene Catal yst Conponent
15 [00721 Exenplary netal |l oce catal yst components include, but are not
limted to, "half sandw ch" d "full sandw ch" conmpounds havi ng one or
nore Cp |igands (cyclopentadieﬁ?@&hand | i gands i sol obal to cycl opent adi enyl)
bound to at | east one Goup 3 to Goup 12 netal atom and one or nore

| eavi nP%¥ oup(s) bound to the at |east one netal 4§VBd) Hereinafter, these
conpounds will be referred to as "netall ocenes” or "netall ocene catal yst
conponents”. 20 [0073] The Cp ligands are one or nore rings or ring
systen(s), at least a portion of which includes it-bonded systens, such as

cycl oal kadi enyl |igands and heterocyclic anal ogues. The ring(s) or ring
systen(s) typically conprise q&ongﬁséﬁectedRiron1the group consi sting of
Goups 13 to 16 atons, and nbre partic hrl_, the atons that make up the Cp

menbers. Even nore particularly, t | i gand(s) are selected fromthe
group consisting of substitufed an subsRituted cycl opent adi enyl 1igands
and ligands isolobal to cyclopentaditenyl, non-limting exanples of which

i ncl ude cycl opent adi enyl, indenyl, fl nyl and other structures. Further
non-linmiting exanples of such |igands include cycl opentadienyl,

cycl op#heéhphenant hr eneyl, indenyl, benzindenyl, f\¥deenyl,

oct ¥hydr of | uorenyl, WD 2005/ 082947 PCT/ US2005/ 001708
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-16 cycl ooctatetraenyl, cycl opentacycl ododecene, phenant hrindenyl ,
3, 4- benzofl uorenyl, 9- phenylfluorenyl, 8-H cycl opent[a] acenaphthyl enyl,

7H di benzof | uorenyl, indeno[1, 2- 9] anthrene, thiophenoi ndenyl
t hi ophenof | \wgheiRk ydrogenat ed versions thereof (e.g 4,5, 6, 7-
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in nore detail below), and heterocy®iic versions thereof. 5 [0074] The
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in yet a nore particular enbodinent, and Zr in yet a nore particul ar
enbodi nent_., The ﬁé{‘. dation state of the netal atom"M nmay range fromO to
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to M_and nis 0 or an integer from1l1l to 4, and either | or in a

par t i QGTeEbly, 22 leashons medt 2 f[aénmttte@tr?éylmgawag Feh d@%‘éﬂﬁltvedhqssoprMOmwd CpB in
f or mul gt maTordPh cycl opent adi enyl |igands or
i gan%jrg el a\éy %%1§ﬁ¥%@§;%?g%ent a(rjl eﬁlgtx& ?her or both of which may contain

het eroat ons and either or both of WhICh may be substituted by a group It. In
one Metallocene Catalyst Component

15 [0072] Exemplary metallocene catalyst components include, but are not limited to, “half
sandwich” and “full sandwich” compounds having one or more Cp ligands (cyclopentadienyl
and ligands isolobal to cyclopentadienyl) bound to at least one Group 3 to Group 12 metal
atom, and one or more leaving group(s) bound to the at least one metal atom. Hereinafter,

these compounds will be referred to as “metallocenes” or “metallocene catalyst components™,

20 [0073] The Cp ligands are one or more rings or ring system(s), at least a portion of which

includes w-bonded systems, such as cycloalkadienyl ligands and heterocyclic analogues. The
ring(s) or ring system(s) typically comprise atoms selected from the group consisting of Groups
13 to 16 atoms, and more particularly, the atoms that make up the Cp ligands are selected from
the group consisting of carbon, nitrogen, oxygen, silicon, sulfur, phosphorous, germanium,
25 boron and aluminum and combinations thereof, wherein carbon makes up at least 50% of the
ring members. Even more particularly, the Cp ligand(s) are selected from the group consisting
of substituted 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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the leaving groups bound to the catalyst compound in that they are not highly susceptible to

substitution/abstraction reactions.

[0075] In one aspect, the one or more metallocene catalyst components are represented by the

20 formula (1I):

[0076] Cp*Cp°MX, (VIID)

[0077] wherein M is as described above; each X is chemically bonded to M; each 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

.25 embodiment.

[0078] The ligands represented by Cp” and Cp® in formula (VIIT) 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



al koxys, C6 to Cl6 aryl oxys, C7 to C18 al kyl aryl oxys, Cl to Cl2

fluoroal kyls, C6 to C12 fluoroaryls, and Cl to Cl2 heteroat om contai ni ng
hydr ocar bons and substituted derivatives WO 2005/ 082947 PCT/ US2005/ 001708
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al kyl's, C2 wo2608/08284kenyls, C7 to C13 al kyI aryls, Cl to ?@@%})@ﬁ% C6 to
Cl4 aryloxys, C7 to Cl6 al kyI aryl oxys to C6 al kyl ca %08 Cl to C6

fluorinated al kyl ear boxyl at es, &2 aryl car boxyl at es, to C18
al kyl aryl car boxyl ates, Cl to 5 fI uor oal kyls, C2 to C6 fluor oaI kenyl s, and

C7 to Oembodlinem; o@p‘kyam yjpg a8 itﬂépeﬁdéiﬁl&esdlé?dtédl GronfLr the e eh r@ﬂslstﬂgy@fl de,
chloride, .fl u 91] rl F@h phen enzoxy, tosyl, fluoronethyls
and f1 uS¥BF }eé‘y leég@f ttrahy) rﬁgﬁlf ’?:‘ﬁﬂr%{’r (isdiderivativepoficach. o) kyl s, " 2
to C12 al kenyls C6 to Cl2 aryls, C7 to C20 aI kylaryls, substituted Cl to
C12 al kydoss] HdepdnidentlysdadBCp an€TPP AF WrulaSVS) ik bechsGhstinRed OuBdtitbr V! S

and Cl L Cl2 heteroatomcontaining alkyls, Cl tq Cl2 heteroatom containing

aryl s al‘i‘ﬂ Y1 e SF Fombaalion, of Sibstiyen eﬁf‘i’ﬂmd{ aMNelighiting exampest ofzsuhssiteent

parti culgggupe o odi At g

al kenyl 5. €7 o Cl3 allnkﬁil%g%él gﬁ) rﬁ“é’?%“ger?’é?"gé%f&@als S qunﬂ%lc?g‘é’nat ed C2
10 Y o Csydealievlss| arylsapeylh areyds reditoms, @ylpmyscalkyhhmw draj/l{yémmnesyelkymmmume

parti cul t.h henyl

ot hy | pA AT AbilonerBiIe Cearee, il e fcﬁ OEPnnR D chmees, i
and tr|h¢)dmmmmrqyﬂminmdnd¢dmmbﬁmmbmoi(mno- di-, tri-, tetra- and

pent af | uorophenyls) in yet a nore particul ar enbodi nent. [00821 O her

| | ud
phosphi okt MRS BRHERL hordfBl Banhales bt Subsibagies oL Aspiietpa S A6 % i ng
1Erornt 1]c I(Idi) &Ebhﬁhs hdthyl| ?ﬂ@l prbb;:loguﬂyglt %dfymyﬁim l}i@{ypeﬁt?ﬂl@aloﬁ%)(ge an,zyl C6F5
ent a e ori_nate a carpox al es
h&d}. deehenl ﬂﬂg‘éﬁ)ﬂﬂ éwgte&mtiéle}weﬂrsﬁnﬁﬁ&d ditdiksomeludigied thf‘é&lzﬁﬁ‘EFféosfobf X
i gands ekiﬂ%lyd@faaﬂy@adtylgise Eyls‘dﬁJ‘tlﬁeShl&y c b%ﬂt@ékmbw}f&&leh@ﬁ%?uderE%BéMted

heptyl, to , trifluorone tetramet hyl ene, pentanet hyl ene, nethylidene,

met hyoxyﬂlkyboalét Bgydsc puchp a%plwaalppﬂenﬂxqrombﬂlyk Nluresthyl aiflurpeties)l, iadopaepyly| ami de,
di met hylbgchrgoi*lggrlg%wo%ﬂgﬁﬁh andaﬁ%r&%yjl ssl?s‘tltdt&l ?%Wﬂ&lﬁeﬂ{hﬁalg Re1dind™" € X's
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(I bromomethyldimethylgermyl and the like; and disubstituted boron radicals including

dimethylboron for example; and disubstituted Group 15 radicals including dimethylamine,
dimethylphosphine, diphenylamine, methylphenylphosphine, Group 16 radicals including
methoxy, ethoxy, propoxy, phenoxy, methylsulfide and ethylsulfide. Other substituents R
include olefins such as but not limited to olefinically unsaturated substituents including vinyl-

20 terminated ligands, for example 3-butenyl, 2-propenyl, 5-hexenyl and the like. In one
embodiment, at least two R groups, two adjacent R groups in one embodiment, are joined to
form a ring structure having from 3 to 30 atoms selected from the group consisting of carbon,

' nitrogen, oxygen, phosphorous, silicon, germanium, aluminum, boron and combinations
thereof. Also, a substituent group R group such as 1-butanyl may form a bonding association

25 to the element M.

{0081] Each X in formula (VIII) is independently selected from the following: halogen ions,
hydrides, C; to Cyz alkyls, C; to Cyz alkenyls, Cs to Cy2 aryls, Cq to Cy alkylaryls, C; to Cy2
) alkoxys, Cs to Cjs aryloxys, C; to C;s alkylaryloxys, C; to Ciz fluoroalkyls, C¢ to Ciz

fluoroaryls, and C; to C;; heteroatom-containing hydrocarbons and substituted derivatives
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alkylcarboxylates (e.g., CF3C(0)0"), hydrides and halogen ions and combinations thereof.

Other examples of X ligands include alkyl groups such as cyclobutyl, cyclohexyl, methyl,
heptyl, tolyl, trifluoromethyl, tetramethylene, pentamethylene, methylidene, methyoxy,
20 ethyoxy, propoxy, phenoxy, bis(N -methylanilide), dimethylamide, dimethylphosphide radicals

and the like. In one embodiment, two or more X’s form a part of a fused ring or ring system.

[0083] In another aspect, the metallocene catalyst component includes those of formula (VIII)
where Cp” and Cp® are bridged to each other by at least one bridging group, (A), such that the
structure is represented by formula (IX):

25 [0084] Cp*(A)Cp®MX, ax)

[0085] These bridged compounds represented by formula (IX) are known as “bridged
metallocenes”. CpA, 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



as or part of the bridging noiety are cycl obutylidene, cycl opentylidene,
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defined above in fornmula ( nmbodi ment
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propyl)s11yl di(n-hexyl)silyl, dicyclohexylsilyl, diphenylsilyl, cyclohexylphenylsilyl, t-
butyleyclohexylsilyl, di(t-butylphenyl)silyl, di(p-tolyl)silyl and the corresponding moieties
wherein the Si atom is replaced ‘by a Ge or a C atom; dimethylsilyl, diethylsilyl,
dimethyl germyl and diethylgermyl.

20 [0087] In another embodiment, bridging group (A) may also be cyclic, comprising, for
example 4 to 10, 5 to 7 ring members in a more particular embodiment. The ring members
may be selected from the elements mentioned above, from one or more of B, C, Si, Ge, N and
O in a particular embodiment. Non-limiting examples of ring structures which may be present
as or part of the bridging moiety are cyclobutylidene, cyclopentylidene, cyclohexylidene,

25 cycloheptylidene, cyclooctylidene and the corresponding rings where one or two carbon atoms
are replaced by at least one of Si, Ge, N and O, in particular, Si and Ge. 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



[0093] In fornmula (X), Qis a heteroatomcontaining ligand in which the
bonding atom (the atomthat is bonded with the nmetal M is selected from
the group consisting of Goup 15 atons 25 and Goup 16 atons in one

enbodi ment, and sel ected fromthe group consisting of nitrogen, phosphorus,

oxygen or v'?‘HE&o‘Jfosz@liPm in a nore particular enbodi nent, Pe@)q]smog,&ﬁgﬁn and
oxygen nyet a nmore particular embodinment. Non-limting exanples of Q

groups i ncI ude al kyl am nes, arylam-pes, nercapto conpounds, ethoxy
conpounds, car boxyl at es (e , pivalate), carbamates, azenyl azul ene,
pent al ene, S h nimne, pyrrolyl, r ozol WD 2005/ 082947
PCT/ U%%gflg%%ég ﬁt}g‘ﬂ’blﬂgﬁl BTOHP CRRETIFE 10 bdgwé‘f‘fbbf%(ﬂﬁumﬁé seelps i si ng
G oup mdbhyd dn@hﬂb@enl@ gatp ) GRBRDERbodRheRONHE R8e W h'aré\/bg %p%ﬁ‘l]whiclﬂ t){eet

anot her aspect, the at | east one netall ocene catalyst c
unbr i d’é%‘f? cyalig bridging mgieties mayteptioarllrhe fussgrte manbe datbsatadhe ubsaturated a(1d<| ): 5

0095 | SANEERS; e roups in
EVI | | %ar and 1 s roxﬁi%%%‘%q hatSI%MgEbon ed %%lﬁgsﬂjo é?ﬁogﬁgs%gc@?fg’ege%% {qp%/ Eonded
to M nonbers(sedectsdufinem tihe mAplmnﬂstelgeoﬁiE;dﬂn@md SXin & pmlchlaﬁvmb@ngemyp as

d d f 1
empodt Rt 1 FahBlet el SAIRET) e, Mot oS g Sciht m n one

enbod |t1nmm$e1ve@(bé fiskdi such @b, efot ethniple)intiecags 00R Iﬁgm‘ylsgrbﬁ;g Dforeovler tthetse g
uor en substitute

cycl opent adi.e i,ndenyl , tetrahydroi ndenyl ,
ver si 2 91@1&%(%%/ sed)ting %B%’&F"r?a‘??%??érﬁ%r"émom f‘@@)‘g‘?‘}m’r rlnlflﬁfa\@ﬂ%am(l)hn}ltln@ i S

sel ecteg R RS QM BRORS hdioBst fﬁﬁ%& -5,
CR%, - SR, -Sl R3, -PR2 § 0, o su lfﬁﬁﬁ%&ggwga&#&{%tltuted aryI

groups wherein i s sel ectBed fromthe grotg) consisting of A to C6 al kyls,
C6 t o 18891 AiBp lgm@lcﬂﬁné&m@f&n@ylwlﬂb@d( arpdidferent firw caglyotheriinens Cl to

C6 al kamysRim&R, élatﬁels?agewhemaemqnﬁéag like. Non-limiting exanples of Q
i nol ude Cl to Cl2 carbanmates, ClL to carboxylates (e.g., pivalate), Q2

to C20 allyls, and C2 to C20 heteroallyl noieties. 10098] Descri bed anot her
way, t9980r Hal yetsanether caspevieth Inm%mglea%ﬂéstc@mmemgsmlu@ﬁadndnofhgaed(arrpl e,

us 6, : ( |1 )1 [00100]
wher eieocae, Eopctadate DA ebuelom AN SBFARR bl ok hescrBOd
in WO 93/08221 for example. In this embodiment, the at least one metallocene catalyst

component is a bridged “half-sandwich™ metallocene represented by the formula (X):

+

15 {00911 Cp*(A)QMX, X

[0092] wherein Cp® is defined above and is bound to M; (A) is a bridging group bonded to Q
and Cp®; and wherein an atom from the Q group is bonded to M; and n is 0 or an integer from
1 to 3; 1 or 2 in a particular embodiment. In formula (X), Cp®, (A) and Q may form a fused
20 ring system. The X groups and n of formula (X) are as defined above in formula (VIII) and

(IX). In one embodiment, Cp” is selected from the group consisting of cyclopentadienyl,

indenyl, tetrahydroindenyl, fluorenyl, substituted versions thereof, and combinations thereof.

[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
o5 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,



[001011 Q& fornms a polydentate ligand unit (e.g., pivalate), wherein at

| east one of the Q groups forma bond with M and is defined such that each
Q is independently selected fromthe 25 group consisting of -0-, -NR,
-CR2- and -5-; Gis either carbon or silicon; and Z is selected fromthe
group consmad 20980 R, -OR NR2, -CR3, -SR, -SiR3, -PR2_ and hydride,

provi di ng t hat \Ah%?]MQ is -NR-, then Z_.js selected from f‘ﬁﬂUWB%ﬂ"(%nsi sting
of -OR -NR2, - SR -SiR3, -PRZ and'al(‘)vi ded that neutral valency for Qis
satisfied by Z;, and wherein each R is independently selected fromthe group

consi st ¢anazelyl, Gbrdbenten® i 0 r : l.Lkyls, C6
SO, BeriHRnieh otk SpABORM CORbiAY Dbl B3B3 Grol) 15 el 2efity

to Cl2 éitrﬁll S, )
aryl oxys; opgingyityMe2947 PCT/ US2005/ 001708 - 22 [00102] nis 1 or 2in a
particul ar enbodi nent; and [001031 T is a bridging group selected fromthe

0151 D8] Sty SO g0 Sy L L5

het er oat om cont ai ni ng groups, an
each T drelupndyirkiyactalietiene tapreserdpdiy @2 &t (Xg:oups, and i s chenical ly
bonded to the CpA groups. 5 [001041 mis an integer froml to 7; mis an

i nt eger podsPng: ¥ in a nore papficular enbodinent. [00105] In another
aséect,[ thg aﬁhﬁg%s“t one netall g%@ne cat al yst conponent can be descri bed

nmore particularly i % structures (Xllla), (XIllb), (XITlc), (Xil1d), (Xille),
and ( XI00%) : whegeip GpT dsHefRBdRa fRhRED gRUPR FPITR aniRis RligantiGhdtlidNborded & M

[00107] M(,?eac(h% d ﬁa!e;}engié{tiyr l?dnidéa to 131(,) ing a}/s\gb%gr? ’{0081%9 i£1117onlzce11;1/blg 1n%(1)1t5; /)? ?sla708
leaving group as described above in (VII); n ranges from 0 to 3, and is 1 or 2 in one
embodiment; q ranges from 0 to 3, and is 1 or 2 in one embodiment. In one embodiment, cpt
is selected from the group consisting of cyclopentadienyl, indenyl, tetrahydroindenyl,

10
fluorenyl, substituted version thereof, and combinations thereof.

[0097] In formula (XI), Q is selected from the group consisting of ROO", RO—, R(O)~, -NR~,
—CR;~, =8~, -NR;, —CR3, -8R, —SiR;, —PRy, ~H, and substituted and unsubstituted aryl
groups, wherein R is selected from the group consisting of C; to Cj alkyls, Cs to Cy aryls, C;
s to Cg alkylamines, Cg to Cy; alkylarylamines, C; to Cg alkoxys, Cq to Cy, aryloxys, and the like.
Non-limiting examples of Q include C; to Cj; carbamates, C; to Cjy carboxylates (e.g.,

pivalate), C, to Cyallyls, and C; to Cyg heteroallyl moieties.

[0098] Described another way, the “half sandwich” metallocenes above can be described for
example, US 6,069,213:

20
[0099) Cp*M(QGZ)X,  or  T(CP*M(Q:GZ)Xo)m (X1

[00100] wherein M, Cp®, X and n are as defined above;

[00101] Q2GZ 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
.25 group consisting of -O—, ~NR~, -CRy— and -S8—; 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, ~NR,, —
SR, —SiRs, —PRjy; and provided that neutral valency for Q is satisfied by Z; and wherein each R
is independently selected from the group consisting of Cy to Cyg heteroatom containing groups,

C; to Cyp alkyls, Cg to Cy3 aryls, Cg to Cy alkylaryls,‘Cl to Cyp alkoxys, and Cs to Cy; aryloxys;



-23- [001081 RBRR4 RR R 5 R (XnMA R5 6 R 10 [00109] R7 R8 (XIIIb)
[00110] R4 R5 15 RBR6 RZ FRL 20 Mi MA R7/ RBR Rs\ / Rz 25R
to RI1 [00111] [00112] (XIllc) WD 2005/ 082947 PCT/ US2005/ 001708 - 24-
[001131 RAyRS,00ifk,86 5 R RRL (X)n MA

-22 .

PCT/US2005/001708

[00102] n is 1 or 2 in a particular embodiment; and

[00103] T is a bridging group selected from the group consisting of C; 1o Cy alkylenes, Cs to
Ci2 arylenes and C; to Cjo heteroatom containing groups, and Cs to Ci, heterocyclic groups;

wherein each T group bridges adjacent “CpAM(QzGZ)Xn” groups, and is chemically bonded to

the Cp* groups.
5
[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 (XIIlIa), (XIIIb), (XIIIc), (XIId), (XIIle), and (XIIIf):
10 [00106]
R R >
R R’ Rz/Z?\ R’
s R! R!
M (X)n ()On M\
[00107] Q
(XIIa-i) (X1la-ii)
20

.25



7R R~ 10 RO 10 (001141 (XIl1d) 15 [00115] B A~ R- 7" RT Rl RE R} R2
Rs, 20RO ROR RBRs MRA R4, \(X)n (001161 (X lle) .25 WD 2005/082947
PCT/ US2005/ 001708 -25- [00117] Rs Is'" AR R7 R12, R*/ R R6, R R6 R$
R2 R R51 Rﬁ Ré%{sl;?‘ 10 R1I0 M R4 R4' [001181 M (XIIIf) 001194 wherein in
struct ures TAPRE (xi11f), Mis selected fromthe gr BUBURIMILTS ng of

10 Goup 3 to Goup 12 atons, and sel@dted fromthe group consi sting of
Goup 3 to Goup 10

[00108]

5
10 (oo109)
(XIIIb)
[00110]
15
20
.25

[00111] RY R

{00112} (XIlc)



atons in a nore particular enbodi nent, and sel ected fromthe group
consisting of Goup 3to Goup 6 atons in yet a nore particul ar enbodi nent,
and selected fromthe group consisting of Goup 4 atons in yet a nore
particul ar enbodi nent, and selected fromthe group consisting of Zr and Hf
in yet a heul ar enbodinent; and is Zr in yet a jeul ar
enbodi nenm(?%da?/g%ggm wherein Qin (2>S,| l1a) to (XIIIf) F(gP@gﬁogﬁoyc?gf romthe
group consisting of alkylenes, aryls,” Taryl enes, al koxys, aryloxys, anines,
arylam nes (e.g., pyridyl) alkylam nes, phosphines, alkyl phosph]nes,

substi tjodiegy) al kyl s, substituted aryls, substituted al koxys, substituted

aryl oxys, substituted am nes, substituted al kyl am nes, substituted

phosphi nes, substituted al kyl phosphi nes, g@rbanates, het er oal | yl s,
carboxylates (non-limting exanples suiRabl e 20 carbanmat es and

carboxyl ates include trinethyl acetate, met hyl acet at e, net hyl acet at e,
p-tol uate, benzoate, diethylcarbamnate net hyl carbamate), fluorinated
al kyls, fluorinated aryls, and i} ot A kyl car boxyl ates; wherein the
saturated groups defining Q conprise to 20 carbon atons in one
enbodi nent; and wherein the aromatic
atogrs i n one enbodi nent; 25 100121)2ANEe &gach R* i s independently:
sel ected fromthe group consisting of ocar byl enes and

het er oat om cont ai ni ng hydrocar byl engs iRl one \enbodi nent; and selected from
the group consisting of al kyl enes,/substituteq al kyl enes and

het er oat om contai ni ng hydro byl enes i n anot\her enbodi nent; and sel ected
fromthe group consisting of CI tg C12 alkyleghes, Cl to Cl12 substituted

al kyl enes, and Cl to Cl12 heteroat okt conjai nin hydrocar byl enes in a nore
particul ar enbodi nent; and sel ected\{roj the /group consisting of ClL WD
2005/ 082947 PCT/ US2005/ 001708 -2@3 O\ CA al kyf enes in yet a nmore particular
emppdi nent; and wherein both R* groups > dentical in another enbodi nent
in structures (XIl1i); [00122] A is as\described above for (A) in structure
(DC), and nore particularly, selected the group consisting of a

chem cal bond, -0-, -5-, -S2-, -NR_¢9 =SI R 0 =CeR2, =SnR2, -R2Si SiR2-, RP=,
Cl to Cl2 al kyl enes, substituted C,I{o Cl2™al kyl enes, divalent C4 to Cl2 5
cyclic hydrocarbons and substituted and unsubstituted aryl groups in one
enbodi n@oti4] and selected fromthe group consistin@id)C5 to C8 cyclic

hydr ocar bons, -CH2CH2-, =CR2 and =SiR2 in a nore particul ar enbodi nent;
wherein and Ris selected fromthe group consisting of alkyls, cycloalkyls,
arybs, QWﬂﬂxys, fl uoroal kyl s and het er oat om cont ai ni ng hydrocarbons in one

20 R10

[00116] (XIlle)

.25



enbodi nent; and Ris selected fromthe group consisting of C1 to C6 al kyls,
substituted phenyls, phenyl, and Cl1 to C6 al koxys in a nore particul ar
enbodi ment; and Ris selected from 10 the group consisting of nethoxy,

nmet hyl , ph%ﬂ?ﬁﬁﬂmﬁ%ﬂ phenyl in yet a nore particular enbodinent; (00123]
wherein A nay De absent in yet another enbodinent, in WACHESWOEW1IWach R* is
defined as for R1_R13; 15 [001241 eaéh-X is as described above in (VI11);
100125] n is an integer fromO to 4, and from1l to 3 in another enbodi nent,
and 1 omoﬁjqn yet anot her enbodi nent; and [001261 R1 through R13 are

i ndependently: selected fromthe group consisting of hydrogen 20 1 radical,
hal ogen radicals, Cl to C12 alkyls, C2 to Cl12 al kenyls, C6 to Cl12 aryls, C7

to C2o alkylarylg;; CL 0 Cljeywl to GCl2 fluoroal kyls, C6 to Cl2
fluoroaryls, angy & tgiCl2 heteroat Omcont aiRi ngRyds ocar bons and
substituted deRivat\vés thef€of in one erdodi ; el ected fromthe group
consi sting of hyggo b i , fluorine Aadica ZEI orine radical, bromne
radical, Cil g —8R&l kyl aryls, Cl to C6
fl uoroal kyl s 5 i

Cl18 flLuoroal kylaryls in a
morse parti cufar hydr ogg | , uBrine radical,
chl orine radical

2 | ,\butyl, isobutyl,
tertiary butyl R hes ¥\ 5 yl pHeyl aRy 4-terti arybut yl pheyl
groups in yet a r?nre Barticul ar odi ment ; RterBin adj acent R groups may
forma ring, either saturated, parti@ly saturated, or conpletely
sat ur at BHLIB\O 2005/ 082947 PCT/ US2005 1708 -27 [001271(XM) structure of
the netal | ocene catal yst conmponent represented by (XlIlla) may take on many
forns s L5 CH k42, earl 8 , 70 87, .and US
5, 747, 4@2{,]9@%%’% i ﬁ%ﬁgt“*d‘”'.@ n(?égg‘)o@x@{fp@b%?? cs.:ées"?‘fzdggg%rt@? Lég%u h°°a{‘§i’sé?% &f osed
i ng for Gevgnpiee(raug 12, 0085, 208 selacted I1BmGHhO guR Lb3nsifthg b2 &Irohm3 ao Gasip bl ar

enbodi ngnt. of the net.allocene.represented.i.n (Xil11d), Rl and forma 5
coni ugat B &8 e PRRUAT SRR €9 SFLMFY He 6 obb ARy RBOTREOULBR |t uced.
[ 001291GiNaip-6 atoink iimget @6a6rP pasicalbr slBcAirh@E,ne selsétad Rt tROBREH BMsktiGPBHI St ent

wth t hg descri ption herein jnclude: .
roup 4 atoms in yet a more particular embodiment, and selected from the group consisting of

Zr and Hf in yet a more particular embodiment; and is Zr in yet a more particular embodiment;

15 [00120] wherein Q in (X1IIa) to (XIIIf) is selected from the group consisting of alkylenes, aryls,
arylenes, alkoxys, aryloxys, amines, arylamines (e.g., pyridyl) alkylamines, phosphines,
alkylphosphines, substituted alkyls, substituted aryls, substituted alkoxys, substituted aryloxys,
substituted amines, substituted alkylamines, substituted phosphines, substituted
alkylphosphines, carbamates, heteroallyls, carboxylates (non-limiting examples of suitable

20 carbamates and carboxylates include trimethylacetate, trimethylacetate, methylacetate,
p-toluate, benzoate, diethylcarbamate, and dimethylcarbamate), fluorinated alkyls, fluorinated
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;

25 [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-cbntaining
hydrocarbylenes in another embodiment; and selected from the group consisting of C; to Ci2
alkylenes, C; to Cj» substituted alkylenes, and C; to C;; heteroatom-containing

hydrocarbylenes in a more particular embodiment; and selected from the group consisting of C;



[ 001301 cycl opent adi enyl zi rconi um Xn, 10 [001311 i ndenyl zi r coni um Xn,
[001321 (1-nethylindenyl)zirconium Xn, [00133] (2-nethylindenyl)zirconium
Xn, [001341 (1-propylindenyl)zirconium Xn, 15 [0013%]

(2-propyl i@,&g@gl&ﬁi ;coni um Xn, [001361 (1 -butylindenyl)zirconiumX,,
u y( d

[00137] (2- ndenyl ) zi rconi um Xn, 20 [001381 PCT/US2005/001708
(et hyl cycl opent adi enyl ) zi rconi um Xn; 26 § 00139] t et rahydroi ndenyl zi rconi um
Xn, [001401 (pentanet hyl cycl opent adi enyl)zirconium X,,, 25 [00141]

cycl openatadi.enyl zi reconi um Xn,. [.00142] . pent aet hyl. cyc ent adi enyl titani um
e DR GABRGS i SRR SRR G A el both S sroups e Mentica

1, 2, 4- tinianethbydnehodirnae i gelictiesl ZMMHon] um Xn, WO 2005/ 082947

PCT/ US2005/ 001708 -28 [001451

?nl )n(‘et hyﬂoffab{‘& gilészde%br%ﬁetdeatbgeen%r ng fry sctl'ugggen{l%j,l a%pi)llr&o)re(: %Xr%itglgrel}qtsgglctgcrl] )i/‘rloZnZI reontu

di met hyths igrotlp( dondisBaghof ﬁtdhéﬂﬁhhuéda}é chapegt adicsnyINg 1. 25k, t LGER] AR,
cycl opent adi enyl ) zirconium X, ,, [00147 ’
di met hyTRe¥i5IReT, BPs, LatteiGia e% ypubsigeed Sdite§d Ylkileesdidiveteny Cs 16 Cra
cysl ope [ ' ' [ : . . ]

di nmet hy‘lwg? &l ?%k%‘%gﬁﬁape%{{rﬁg%@%eﬁyaggilélglﬂbg%%etd aa&?’leﬁff?gs( 1§ one em bodiment; and
met hy| csetsictsgd efina dhee gyoup Zonsistiviguofi G to, C§ 61id Hydrocarbons, —CH,CH,—, =CR, and

it ot b oY ¢ SRCPRGTA SR ebt: HEPRI AL B 3TReHE e the Sromb aerpiping of
di phenydlkyl,\lylbalRyls, ayls edlkadysttigtoaliyty 0 GeferdiogNYIntdiding hydrocarbons in one

propyl cycl opent adi enyl ) zi rconium X, ,, [001521 .
di met hydmabadyment; snds Ryis ssleciadefipmy th oo aensistiag pf YQitor Cs alkyls, substituted
0 phenyls, phenyl, and C; to C alkoxys in a more particular embodiment; and R is selected from
the group consisting of methoxy, methyl, phenoxy, and phenyl in yet a more particular

embodiment;

[00123] wherein A may be absent in yet another embodiment, in which case each R* is defined
as for RI-RP ;

15 [00124] each X is as described above in (VIII);

[00125] n is an integer from 0 to 4, and from 1 to 3 in another embodiment, and 1 or 2 in yet

another embodiment; and

[00126] R! through R™ are independently: selected from the group consisting of hydrogen
20 ) radical, halogen radicals, C; to Ciz alkyls, C; to Cyp alkenyls, C¢ to Cjp aryls, C; to Cy
alkylaryls, C; to Cjz alkoxys, C; to Cj2 fluoroalkyls, C¢ to Cy2 fluoroaryls, and C; to Cy;
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 C¢ alkenyls, C7 to C;3 alkylaryls, C; to C¢ fluoroalkyls,
Y i C, to Cg fluoroalkenyls, C; to Ciz 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.



but yl cycl opent adi eny] ) zi rconium X, ,, 15 [00153]

di met hyl gernyl (1, 2- di net hyl cycl opent adi enyl ) (3-i sopropyl cycl opent adi enyl ) zi r
coni um Xn, [00154]

dinethyIS|Iﬁ]&} 25 4-tetramet hyl - cycl opent adi enyl ) ( 3- met hyl cycl opent adi enyl
) zi r coni Yifh2%s/08 % 1001551 PCT/US2005/001708

di phenyl net hyl i dene(cycl opent adi enyl-)Z79- f | uorenyl ) zi rconi um [ 00156]
diphenylnethylidene(cyclopentadienyl)(indenyl)zirconiun1X,,, 1 [00157]

i So- | o] X 25.1 1

| So- pr AP dBASFEHEE Sh LR Bingh et ey rairhieale AT Tyt

| SO- pr qigatly! fohwseduch RPN bsed G, TReXam 1eeusls)o(2979$um§wj 1%7, bePOB YM4K406, [ 00160]
et hyl enebi s(9-fl uorenyl ) zirconiumX ,, 61]

meso- etlﬂ‘ihl‘@%m@(lmﬂ Atiekgamericr tuAfuLpSIeh, a,s dmlowbsl/, G oamplcHSUSHAEEB001708

- 29- % 3eneb| s(1-indenyl)zirconiumX,,, [00163]
et hyl ene i 5(62 ]h -| ndenyl ) zirconiumX,,, [001641
et hyl enebi s( 2- net hyI 6, 7-tetrahydro-1I -i ndenyl zirconi um X, , [ 00165]

et hy: eriet?8) (12 a padisylar qmbocbmumftthemmll@ene tepresenfed) inj (XEdd) Brrand I R? forg 4 00166]
ot Pyl onoh B RS et g b Bh RO KR B bk BNRAAGAGEET O G 1 6at

et hyl enebi s(2-isobutyl-4,5,6,7-tetrahydro-I-indenyl)zirconiumX,,, 10
[00169][0&1291ﬁid1ylﬁmitingl exaniples, Ot metaliboede ocatalysh desmyponerits ceombistemtX with the001701

di phenﬁéﬁﬁ 7-1et rlah dro-1-indenyl)zirconiumX,,, [001711
et hy| erfistsTiptign BerginAnelides oy 4 o- | - i ndenyl )zi rconium X, ,, [001721

di met hyl si | yl bi s(cycl opent adi enyl ) zi rconi um Xn, 15 [00173]
di met hybase)WyblopériladidnytuireopibnzXf, conl um X, , [00174]
di met hyl si |l yl bi s(1-i ndenyl)zirconium X, ,,

10 [00131] indenylzirconium Xp,
[00132] (1-methylindenyl)zirconium X,

[00133] (2-methylindenyl)zirconium Xp,

[00134] (1 -propjlindenyl)zirconium Xn,

15
[00135] (2-propylindenyl)zirc‘onium X,
[00136] (1-butylindenyl)zirconium X,
[00137) (2-butylindenyl)zirconium X,
20

[00138] (methylcyclopentadienyl)zirconium Xo,

[00139] tetrahydroindenylzirconium Xy,

[00140] (pentamethylcyclopentadienyl)zirconium X,
95 ) [00141] cyclopentadienylzirconium Xy,

[00142] pentamethylcyclopentadienyltitanium X,

[00143] tetramethylcyclopentyltitanium X,

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



[ 001751 di met hyl silyl bi s(2-nethylindenyl)zirconium Xn, 20 [00176]

di met hyl si | yl bi s(2-propylindenyl)zirconiumX,,, [00177]

di met hyl si |l yl bi s(2-butylindenyl)zirconiumX,,, [00178)

di phenyl si | ylvhah sfp2ngeinyl i ndenyl ) zirconium X , [001791

di phenyl si | yl bi s(2- pr07pyl i ndenyl ) zi rconium X, ,, 25 [00188§1/US2005/001708
di phenyl sil yl bi s(2-butylindenyl)zirconi-#h-X,,, [00181)

di met hyl gennyl bi s(2- et hyl i ndenyl ) zi ro4Dni um X" [00182)

e Y S lonasbaisleighg ity ol el bR B ey ¥R BARR AR i x.,
di net hyl sil yl bi s(tetranet hyl cycl opentadi enyl)zirconiumX,,, [001841
di met hyl slqﬂijlﬁﬁk dimethylalyl(3.3i ehridtpmethylcydopamddjenyDd a3 -trimethyl: [ 001851

di phenyl sy, | | ) (9-fluorenyl)zirconium X0, [00186]

di phenyl si*y(%l%lﬁ?sé?ileﬁ@gr% ?ﬁ%‘lﬂni um X, 5 1001871

cyclotrinethyl enesilyl(tetranethyl cycl opentadi enyl) (cycl opentadienyl)zirconi
um X, , , mym&methyls_ilyl(l,2,3,4-tetramethylcyclopentadienyl)(_1 ,2-dimethyl- _
gm:3trneL%@’Sﬁ‘;&x‘!&?@g@?@ﬁ%‘gi&%kﬁm hyl cycl opent adi enyl ) (cycl opent adi enyl)
cyclotrinethyl enesilyl (tetranethyl cycl opentadi enyl) (2-nethylindenyl)zirconiu

m X, ,, 10[p08&6kthylsilylil £j3vetehumethebeycidpehtadieraig2-hy| cycl opent adi enyl ) ( 3-

met hyl cycl opent adi enyl.) zi.-rconi.um_X, ,, [00191]
cyclotri nﬂ’teﬁvp: ??88‘?‘1%#‘%1@@9%% " ndenyl ) zi rconium X, ,, [001921
cyclotrinethylenesilyl(tetranethyl cycl opentadi enyl) (2, 3, 5-

t ri met hy| pynibpdienttstkileliyyclcpentadivhiliindeny])zkbordi@h 3931
cyclotrinmet hyl enesil yl bi s(tetramet hyl cycl opent adi enyl ) zirconium Xn, [001941

di mret hyl si |yl (t.et ramet hyl cycl.open ieneyl)(N:-tert-butylamdo)titanium X ,
[:)o 951 bl“g%/s@‘i‘fnc?&gﬁé{@%éﬁ‘m“éﬁ% &%f ,%?)fe(z@“’f‘b 2061 Jritanty
bi s(cycl opent adi enyl ) zirconium X,,, [001971

bi s( n- but pbsycdiphantsilgli E0B|4-riraemybeiclpentadienyl)(3-

propylcyclopentadienyl)zirconium X,

[00152] dimethylsilyl(1,2,3,4-tetramethylcyclopentadienyl)(3-t-

butylcyclopentadienyl)zirconium X,
15

[00153] dimethylgermyl(1,2-dimethylcyclopentadienyl)(3-isopropylcyclopentadienyl)zirconium
Xn:

[00154] dimethylsilyl(1,2,3,4-tetramethyl-cyclopentadienyl)(3-methylcyclopentadienyl)
zirconium Xy,
20
[00155] diphenylmethylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,,
[00156] diphenylmethylidene(cyclopentadienyl)(indenyl)zirconium X,
)} [00157) iso-propylidenebis(cyclopentadienyl)zirconium X,
.25 [00158] iso-propylidene(cyclopentadienyl)(9-fluorenyl)zirconium X,
[00159] iso-propylidene(3-methylcyclopentadienyl)(9-fluorenyl)zirconium X,

[00160] ethylenebis(9-fluorenyl)zirconium X,

[00161] meso-ethylenebis(1-indenyl)zirconium X,



1001981 bi s(n-dodecycl cycl opent adi enyl ) zi rconium X, ,, 25 [00199]
bi s(et hyl cycl opent adi enyl ) zi rconium X, ,, [002001

bi s(i so-buyl cycl opent adi enyl ) zirconium X,,, [002011

bi s(i so-propyl cycl opent adi enyl ) zi rconium X., [002021

bi s( et hyl ¥arepesre€di enyl ) zi rconium X, ,, WO 2005/ 08294FCcHT20080005/ 001708
-31 [00203] bis(n-oxtyl eycl opentadi erpd-) zirconium X,,, [00204]

bi s(n-pentyl cyel opent adi enyl ) zi rconium X,,, [00205]

bi s(n-propyl | opent.adi enyl ) zircgniumX,,, [00206]

bi s(tril %Fﬁfﬁéﬁqwglﬁadp ‘fﬂé@?‘é& %)hzi rconiumX,,, 5 [00207]
bis(1,3-bis(trinmethylsilyl)cyclopentadi enyl)zirconium X~, [00208]
bi s( 1- evdiyd) 'eﬂryl’ﬁi’kbl‘}!qZCM@th?]PB- glylwbﬁxmmom um X0, [00209]

bi s(1-et hyl - 3-net hyl cycl opent adi enyl ) zi r coni um X, , , 10 [002101

bi s( pent anet pen Zir

bi s( perftYfie Hé’b @F@p‘@ﬁ’ﬁ‘% g‘%j 1%@: i, @f?ﬁ H{EFWI)ZIrc°+WB 21

bi s( 1- propyl - 3- et hyl cycl opent adi enyl ) zi rconium X,,, [002131

bi s( 1- qed;usmury&msﬁs o flORe Titaeihoasl - miéORirdtiiva X,, 15 [00214]
bi s(1-isobutyl-3- rretmhlillgfllcl opent ad?enyl )zf??om um X, [00215]

B e TR N

bi s(4, 7-di net hyI i ndenyl ) zi rconi um Xn, [00218] bi s(indenyl)zirconiumX,,
[ 00219] jodaisR (eRrylericbigt2- e Bzmewmmm ?ﬁ,de Oyl)aﬁcdr@lﬁﬂ X)

cycl opent adi enyI i ndenyl zi rconi um X 00221]

bi s(n-pro Yy s 222

b o( - B TR a4 4 82 96,0,1,-mdfr53§12%qx3mn X,

bi s(n- pentyl cycl opent adi enyl ) haf nium X, ,, WO 2005/ 082947 PCT/ US2005/ 001708
(00169] dimethylsilyl(4,5,6,7-tetralydro-1-indenyl)zirconium X,

10
[00170] diphenyl(4,5,6,7-tetrahydro-1-indenyl)zirconium X,,
[00171] ethylenebis(4,5,6,7-tetrahydro-1-indenyl)zirconium X,
[00172] dimethylsilylbis(cyclopentadienyl)zirconium X,

15

[00173) dimethylsilylbis(9-fluorenyl)zirconium Xn,
[00174] dimethylsilylbis(1-indenyl)zirconium X,,
[00175] dimqﬂ1ylsi1ylbis(2—methylindenyl)zirconimn Xns
20 [op176] dimethylsilylbis(2-propylindenyl)zirconium X,
[00177] dimethylsilylbis(2-butylindenyl)zirconium X,,
[00178] diphenylsilylbis(2-methylindenyl)zirconium X,
[00179] diphenylsilylbis(2—propylindenyl)zircor;ium Xas
.25
[00180] diphenylsilylbis(2-butylindenyl)zirconium X,

(00181} dimethylgermylbis(2-methylindenyl)zirconium X,

[00182] dimethylsilylbis(tetrahydroindenyl)zirconium Xp,



-32 [00224] (n-propyl cyclopentadi enyl) (n-butyl cyclopentadi enyl)hafni um

X, ,, [00225] bis[(2-trinethylsilylethyl)cyclopentadienyl]hafniumX,,

[ 00226] bis(trinethylsilyl cyclopentadi enyl)hafn[umX,,, 1002271

bi s(2-n-propylindenyl)hai biumX, 5 [00228] bis(2-n-butylindenyl)hafniumX,,
[ 002291 di okl D1 s( n- propyl cycl opent adi enyl ) haf n[u + 30]

di net hyl si Wg?ég%’r(}]h%ﬁfyl cycl opent adi enyl ) haf ni um X, , , 13%?665@i (919(?8

bi s(9-n-propyl fluorenyl)hafhiu n X,,, [90232] bis(9-n-butylfluorenyl)hafnium
X,,, 1002331 (9-n-propylfluorenyl)(2-n-propylindenyl)hafniumX ,, [00234]

bi s( 1- n- RoAIRY | airdeMPhbEHEE SRR B GRMd: i %, 15 [00235]

(n-pr opyﬁcyg?iobeﬁt?gld?%nyﬁ) ( 1-%%?}&@@-%%]%}&%%% opent adi enyl ) haf ni um X, , ,
[ 00236] di et hdyl Si Ilyl (tetramet hyl cycl opent adi enyl ))é cycl opropl am do)titani um
X,,, 1009834 dimethylsilyl(cyclopentadienyl)(9-fluorenyl)zirconium X,,

di met hyl silyl (tetramet hyl eycl opent adi enyl) (cycl obutylam do)titaniumX ,, 20
&0023%0 baTs bt It St BERbdy B haReR Attbsth J,CY ! opept ! ami do) ti tani um
di met hyl si [yl (tetramet hyl cycl opent adi enyl ) (cycl ohexyl ami do) ti t ani um X, , ,

[ 002401 [00186] diphenylsilylbis(indenyl)zirconium X,

di mesl ryl silyl (tetramethyl cycl opentadienyl)(cycl oheptyl am do)titaniumX,,
5(00241125d[?‘ggg%l%hhxétﬁﬁeﬁJsﬁyi%seaaah&uﬁLm&eﬁa&khﬁﬁch(@%ﬁda&ewl)ﬁmaﬂbén: tani um
diﬁéthylsiIyI(tetranethyIcquo ent adi enyl ) (cycl ononyl am do) titaniumX,,,
100243] diommprtmm@ﬂvimawbd@mw@wbpdﬂp@@ﬁdmyl)wdmn@dwyn aiapinme Xeani um
X,,, [00244]

di et hyl sj ( I I : _Q%Ex- 0 (A ium X, WO

2005/ 0829&6#%8%?‘3@@%&%%@%%5@%@%@% 3 1&&%53115(9 et Y2t A

d[ met hyl si Iyl (tetranet hyl cycl opent adi enyl ) (cycl ododecyl am do)t]tani um Xn,

[00346] diosmselryclotrimethylensstyétenymethdrysianentadienrl)(P) (sec- but yl ami do) ti t ani um

Xn, [002 . S

di met hyl s’i{’ig%‘/‘l"](c%’cel??eé‘tr?gﬁ%‘w%% P Xpadi enyl ) (n-oct yl ami do)fitani um X, | .

1002481 di net hyl silyl (tetranet hyl cycl opent adi enyl ) (n-decyl am do)titani um Xn,
[00191] cyclotrimethylenesilylbis(2-methylindenyl)zirconium X,, '

[00192] cyclotrimethylenesilyl(tetramethylcyclopentadienyl)(2,3,5-

trimethylcyclopentadienyl)zirconium Xy,

15
[00193] cyclotrimethylenesilylbis(tetramethylcjrclopentadienyl)zirconium X,
[00194] dimethylsilyl(tetramethylcyclopentadieneyl)(N-tert-butylamido)titanium X,
[00195) bis(cyclopentadienyl)chromium X,

20

[00196] bis(cyclopentadienyl)zirconium Xp,

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

[00198] bis(n-dodecyclcyclopentadienyl)zirqonium X
25 {00199} bis(ethylcyclopentédienyl)zirconium X

{00200} bis(iso-bﬁtylcyclopentadienyl)zirconium X,

(00201} bis(iso-propylcyclopentadienyl)zirconium Xy,

(00202] bis(methylcyclopentadienyl)zirconium Xy,



5 [00249] , e I
dnet hyl silyl (tetranet hyl cycl opent adi enyl ) (n-oct adecyl am do)titani um Xn,

[ 00250]

met hyl phenyl si |l yl (tetranet hyl cycl opent adi enyl ) (cycl opropyl anjdo)titani um Xn,
[ 00251] WO 2005/082947
nethylphenyIS|IyI(tetranethylcyclopengﬂdlenyl)(cyclobut§F£ﬁ§a%?wpﬂgniun1Xn,
10 [00252]

met hyl phenyl si |l yl (tetranet hyl cycl opent adi enyl ) (cycl opentyl am do)titani um Xn,
[ 002531 [00203] bis(n-oxtylcyclopentadienyl)zirconium X,

nmet hyl phenyl sil yl (tetramet hyl cycl opent adi enyl ) (cycl ohexyl am do)titani um Xn,
[ 00254] . . .,

met hy| phardA BisrPerdeyelonsriagicpyRatspun®RL enyl ) (cycl ohept yl ani do) ti t ani um Xn,
[ 00255]

met hyl pheseos) dis{npiopelcycopntudicnyitpantex) enyl ) (cycl ooct yl am do) titani um Xn,
15 [00256]

Fggg%;g%g%] %1skt¥1m<e£he ml%clggen%y%n(})l zel?éog% }le ) (eycl ononyl am do) ti tani um Xn,

metﬁ‘uyl phenyl si lyl (tetranet hyl cycl opent adi enyl ) (cycl odecyl am do)titani um Xn,

[ 002581 [00207) bis(1,3-bis(trimethylsilyl)cyclopentadienyl)zirconium X,
met hyI phenyl si |yl (tetranethyl cycl opent adi enyl )(cycl oundecyl am do)titani um

i(lnt - uﬁ%sbéﬁggfh@-@e%@ye g%ﬁlt adien 1 cYcl ododec | am do

met hyl phenyl sil yl (tetramnet hyl cycl opent adi enyl ) (sec-butyl am do)titani um Xn,

[ 00261] [omtghysisplhanylL3;tﬂeﬁiy(dyelopa{t§dléﬁ,ﬂ)gy@dng@@m adi enyl ) (n-octyl am do)titani um
Xn, 25 [00262]

[rgi’gyég]pr[]o%z%] E et r cycltopgrlltg&; y?)pz)ggc}n?u% )e{g’yl ) (n-decyl am do) titani um Xn,

met hyl phenyl si | yI (tetranet!lryl cycl opent adi enyl ) (n-oct adecyl am do)titani um

Xn, [ OQR&AL bis(pentamethylcyclopentadienyl)zirconium X,
di phenyl sil yI (tet ramet hyl cycl opent adl enyl ) (cycl opropyl am do) titani um Xn,

[ 00265] di silyl tetr t hyl c pent adi enyI ) (cycl obutyl am do)titanium
Xn, ﬂ!’}é{)ﬂ g@égnrw rbsiondadie mswnm 61

di phenyl silyl(tetramet hyI cycl opent adi enyl ) (cycl opentyl am do)titaniumX,,,

[00267[1([)63?251513@-%{1@1 BidthAoRidpeheiehapacsagheqy! ) (cycl ohexyl am do) titani um

dl’fénenyl silyl (tetramethyl opent adi enyl ) (¢ycl oheptyl am do)titan]um X
[002691[‘}9?]6}:% (i-isppupyle-Be &ﬂ?lﬁy?‘gﬁﬁé‘f”@ HeEtoRBR Ryl ) (cycl ooct yl ani do) tit ani um
5 [002701

d; bhenyl[@gisﬁb{sgef)ﬂb ?R:y@lb gD grshineeX gl ononyl am do) titanium X, ,

[00271] di p enyl Si yI (te r amet hyl cyc[)opent adi enyl ) (cycl odecyl am do) titani um
X,,, [00272

di phenyll@ﬂ“!/b’(sf]e:f phvilexslapsetrdisailzee e B cycl oundecyl ami do) tit ani um X, ,

10 [00273]

Pheny by Kb&(ﬂ-ﬁ&i@ﬁﬂmﬁ&&lmzﬁ@&ﬁﬁrﬁd{ £nyl) (cycl ododecyl ami do) titanium X, ,,
[00274] di phenyl'silyl ('t et ranet hyl cycl opent adi enyl ) (sec-butyl am do)titani um

[00218] bis(indenyl)zirconium Xp,
[00219] bis(2-methy1indeny1)zirconiun; Xas

py [00220] cyclopentadienylindenylzirconium Xp,
[00221] bis(n-propylcyclopentadienyl)hafnium X,

[00222} bis(n-butylcyclopentadienyl)hafhium X,

[00223] bis(n-pentylcyclopentadienyl)hafnium X,



[ 00275] di phenyl silyl (tetranethyl eycl opentadi enyl) (n-octylam do)titani um
X,,, [002761

di phenyl silyl (tetranet hyl eycl opent adi enyl ) (n-decyl am do)titanium X, ,, 15
[00277] di ghenydsbdy! (tetramet hyl cycl opent adi enyl ) (n-octadecyl am do)titani um
X, ,, [00278] gér/\(gh%ri vatives thereof. [00279] By "der iRG/VS2005/00176% eof ', it
is neant any substitution or ring fordhtion as described 20 above; and in
particul ar, replacenent of the netal "M (Cr, Zr, Ti or Hf) with an atom

sel ect ggh224 mjﬁ‘sﬂ*ﬁcﬁ“@%}ﬁﬁ@i@%ﬂu@ Cﬁlﬁé%hgadé&l)ﬂﬁﬁ Ti; and replacenment of

the "X group w'th an aryl’'s,” 6 to C o al kylaryls,
fluorine or chlorine; nis 1, 2 or 3. [00280] It is contenplated that the
met al | J082# bisdZatripnethylsitylgesdsrelopensadianyibafniaioXe i ncl ude their structural
or optical or enantioneric isoners (racemc mxture), and nay be a pure 25
enant i Qp@ie i { [ igak-n- sed herein, a single, bridged,
asyn’me'?ri CGz]i:b%ﬁgS%gT?%Fgg%ﬁﬁag%ﬁ%l enelé(?a}?"él yst conponent having a racemc
and/ or meso_isonmer does not, itself, constitute at |east two different

bri dgedf02# Lis(Z-vouerylindensiDpstiv Mponent s. WD 2005/ 082947 PCT/ US2005/ 001708
-35 [ 002821 The "netal |l ocene catal yst conponent" may conprise any

conmbi Nghor ) b2 Aty lindBRAHL ARG, X, descri bed herein. Activators [002831 The
catal yst system may al s6 1 nclude one or nore activators. As used herein, the
term 5 "activator" is defined to be any conpound or conbination of
conpouri¢f?29] dimpeibylsibdbistn-prapylpysdeneadienyihafniemXaact i vate a single-site

catal yst conpound (e.g., netallocenes, non- netall ocenes, etc.), such as by
creat i ngyy Ll 1 Sty conponent. [00284] I n certain
enbodi rr]nsnzt"i,]s ?ﬁgfﬁﬂggylggﬁg%?ilc%%l%%{eaagg lzlf@lgl%ﬁc}%"ﬁponent s may be contacted
with a catalyst activator, herein_sinply referred to as an "activator."
Typi callPg31] Prs(Enimsomylihearenyl Yhatnitse Xnact i on of at | east one |eaving group (X
group in the fornul as/structures above) from 10 the nmetal center of the
cat al yq;ozgpggg@g%wlﬁgﬁegﬁ¥@M%X;horrponents of the present invention are
thus activated towdrds ol'etin polynerization using such activators.

Enbodi nents of such_ activators include Lewi s acids such as cyclic or

ol i gond¥®R2B] pHinyirapdAeeranBy?-arrrapyiindenyohatniym X,

[00234] bis(1-n-propyl-2-methylcyclopentadienyl)hafnium X,
P [00235] (n-propylcyclopentadienyl)(1-n-propyl-3-n-butylcyclopentadienyl)hafnium X,
[00236) | dimethylsilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium X,
[00237) dimethylsilyl(tetramethyleyclopentadienyl)(cyclobutylamido)titanium Xp,
20 [00238] dimethylsilyl(tetramethyleyclopentadienyl)(cyclopentylamido)titanium X,
[00239] dimethylsilyl(tetramethylcyclopentadienyl)(cyclohexylamido)titanium X,
[00240] dimethylsilyl(tetramethylcyclopentadienyl)(cycloheptylamido)titanium X,
05 [00241] dimethylsilyl(tetramethylcyclopentadienyl)(cyclooctylamido)titanium X,,
| [00242] dimethylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium X,

[00243] dimethylsilyl(tetramethylcyclopentadienyl)(cyclodecylamido)titanium Xy,

[00244) dimethylsilyl(tetramethylcyclopentadienyl)(cycloundecylamido)titanium Xy,



and so called non-coordinating activators ("NCA") (alternately, "ionizing
activators" or "stoichionetric activators"), or any other conpound that can
convert a neutral netallocene 15 catal yst conmponent to a netal |l ocene cation
that is aCtW(Y?ooyoz}zQ; respect to olefin polynerization. 1002851 More

particul arl'y, Wi t hi n the scope of this invention POTASWiwI08 aci ds
such as al unoxane (e.g., "MAO'), nodi38i-ed al unoxane (e.g., "TIBAO'), and

al kyl al um num corrpounds as acti vat ors, and/or ioni zi ng activators (neutral

or ioni i (n nt af | yor ophenyl ) bor on
and/ or [gazt4 sj#fsﬁn% Sﬁgkte&%lgﬁ@wﬁ %@F g‘“{‘?f’g SHany Xaet i vat e
desi rabl e net aI | ocenes descri bed herein. MAO and ot her al um num based

act i vat [89246] alimethglsilyKieramethplcy tlepemtadieny (s binglaaddd)taniamsxar e wel | known in
the art and are described by, for exanple, Eugene You-Xi an Chen & Tobin J.

Mar ks, n Polynerization: Activators,
Acti vat ﬁ%ﬁﬁﬁﬁj’éc e&gsélgl({%gﬁg%?l"ﬁ&? E ICRX]t)ﬁg’v “EX}*“F‘&E’P% ps 100(4) CHEM CAL
REVI EW5 1391- 1434 (2000). The activators may be 25 assom ated with or bound
to a suppesitdimethylsdyl(ietramstbplcycopentadidny h(nt deeylamidd)ytativeaxponent (e. g.,

metsal | ocene) or separ ate fromthe catal yst corrponent such as descri bed by

G egoryy, e e 1N Isfo Aefin

Pol yrrer ) b :jé‘ﬁ&%’{f llil)(“’ R AT Eﬂ)@yg(ffi%a%f‘% ’(‘ég 2005/ 082947
PCT/ US2005/ 001708 -36 [00286] The al um num al kyl ("al kyI al um nun')

act i vat6e2stiegethyd phieyisily mttainythlyhgclbpmtadhealyl)m(BbﬁnopyWamtcRi)ﬁtaﬁhml)s,, sel ect ed
fromthe group consisting of Cl to C20 alkyls, Cl1 to C20 al koxys, hal ogen

(chlori 0.(25 aI kylaryls, and C7
o Co5 WEstyhatRbREn kRS bY TR o AR = s,
may be utilized as activators for the catalyst precursor corrpounds for use
i not he #4863 authyd phenyésilpl(egremethylvy dapentadieniy Nl cldperityl amilioftitarehm o4, num
triethylalum num triisobutylalum num tri-n-hexylalumnum tri- 5

R e e G R T G ) e R

tri-substituted boron, tellurium alum num galliumand indium corrpounds,
and i [Re264] emethyiph@odsilyI(tWambﬂlebyslupmﬁddianghtcygbmmﬂamide)tﬂaﬁdnn Xadependent | y
selected fromal kyls, al kenyls, hal ogen, substituted al kyls, aryls,

aryl hal hdes ’meqlljl}}igl}féﬁyf’sﬂgl(gﬁ‘glingﬁﬁcyélgpe%%%iengfﬂ(c?&ggc P(fo)tltame t)? ree
15

).1

[00256] methylphenylsilyl(tetramethylcyclopentadienyl)(cyclononylamido)titanium X,
[00257] methylphenylsilyl(tetramethylcyclopentadienyl)(cyclodecylamido)titanium, X,

[00258] methylphenylsilyl(tetramethylcyclopentadienyl)(cycloundecylamido)titanium X,

20 [00259] methylphenylsilyl(tetramethylcyclopentadienyl)(cyclododecylamido)titanium X,
[00260] methylphenylsilyl(tetramethylcyclopentadienyl)(sec-butylamido)titanium Xp,
[00261) methylphenylsilyl(tetramethylcyclopentadienyl)(n-octylamido)titaniom X,
s [00262] methylphenylsilyl(tetramethylcyclopentadienyl)(n-decylamido)titanium X,

[00263] methylphenylsilyl(tetramethylcyclopentadienyl)(n-octadecylamido)titanium X,
[00264] diphenylsilyl(tetramethylcyclopentadienyl)(cyclopropylamido)titanium X,

[00265] diphenylsilyl(tetramethylcyclopentadienyl)(cyclobutylamido)titanium X,



groups are independently selected from hal ogen, nmono or nulticyclic

(i ncluding hal osubstituted) aryls, alkyls, and al kenyl conpounds and

m xtures thereof. In another enbodinment, the three groups are selected from
al kenyl 9r&HPﬁm$§;699 1 to 20 carbon atoms, alkyl groups having 1 to 20
carbon atons OXy groups having 1 to 20 carbon at onsPCEBRR0¢500170gr oups
having 3 to 20 carbon atons (includi ng4substituted aryls), and conbinations
15 thereof. In yet anot her enbodi nent, the three groups are selected from

TRt e R e T AR R S
hal ogenat ed qlkyls_haV|ng 1 to 4 carbon groups, highly hal ogenated phenyls,
and hi glif2¢7 @P@&hdﬂéﬁtrmghylhydlspeatadieny]XchlelmxplaﬁﬁdtgﬁtaBtﬁni'X.i,9h| y

hal ogenated”, it is neant that at |east 50% of the hydrogens are replaced by

a hal og r rln and.brgmne. In yet

anot herﬁ&ng g]: ﬁ@ﬂﬁ@ﬁgg{;@g}dcgﬁ °pent g’le(%l?@%&ﬁpg' @PE%%W%} a
tri-substituted Group 13 compound conprising highly fluorided aryl groups,
t he gr old§2691skiphregylsilylitetrarhétbiylcydestnpdienyl)(cpoicodnilghidy)tithmiemixged napht hyl
greups. 1002881 In anot her enbodi nent, the neutral tri-substituted Goup 13

conpou r tr| S enyl boron,

tri spepl??u@ %ﬁlapﬁgﬂ? tg@or o 9}? lgp%(l dlgmél %‘ilﬂdt%ﬂﬁ AOJQS{BWB{ ¥phenyl ) bor on,
tris(di-t-butyl nethylsilyl )perfl uor ophenyl boron, and other highly

f 1 uori nia®2ey diphesglsilyliterametbylopbemedadieng)(cgoitdeoghinidodtitaiemeqf , and their
al um num equivalents. Qther suitable neutral ionizing acti vators are -

descri j1 Ny , S 268, 445 Bl nd. .i NC]VETALLI CS
3332 3307 st ey e AT b B Bl .

2005/ 082947 PCT/ US2005/ 001708 -37 [002891 Illustrative, not i mi t| ng

exanpl e80263] d1phun§zls11yi(teizamqh)dcyalthtadrenylb(cydlﬁtbdédyllaiinldy)trtaxﬁuﬂﬁXI;,| t uted ammoni um
salts such as triehyl ammoni umtetra(phenyl)boron, tri propyl anmoni um

11 ot AR oo R T PR R

tetra(o-tolyl)boron, tributylamonium tetra(pentafluorophenyl)boron,

t ri pr opy®2asidphenmisilgiteairosthyleyaietehtatiiphyiin! octydannido)tifaniumh Bi)f y1 ammoni um

tetra(m mdi met hyl phenyl ) boron, tributylanmmoniumtetra(p-tri-

i (ne BT SRR sk A AR e e RO A NG okl

anpliniumsalts such as N,N- dinethylaniliniumtet ra(phenyl ) bor on,

N, N- di epizg) atiphenplsilyi(teeamethylbymbyentadieayl)(nNctidacylantido)titanium X,

o

[00278] and derivatives thereof.

[00279] By “derivatives thereof”, it is meant any substitution or ring formation as described

20 above; and in particular, replacement of the metal “M” (Cr, Zr, Ti or Hf) with an atom selected
from the group consisting of Cr, Zr, Hf and Ti; and replacement of the “X” group with any of
C1to Cs alkyls, Cg aryls, Ce to Cyp alkylaryls, fluorine or chlorine; nis 1, 2 or 3.

[00280] It is contemplated that the metallocene catalysts components described above include
their structural or optical or enantiomeric isomers (racemic mixture), and may be a pure

25 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.



pent anet hyl ani | i ni um tetra(phenyl)boron and the like; dialkyl amoniumsalts
such as di- (isopropyl)ammoniumtetra(pentafl uorophenyl)boron,

di cycl ohexyl ammoni um 10 tetra(phenyl)boron and the like; triaryl carbonium
salts (tri W(Lzaﬁ%stzﬁ» such as triphenyl carbonium tetra(phenyl)boron and

tri phenyl carboniumtetra(pentafl uorophenyl )boron; and tPEEHYSA05/001H6%phoni um
salts such as triphenyl phosphoni um tei¥-a(phenyl)boron, triphenyl phosphoni um
tetra(pentafl uorophenyl)boron, tri(nmethyl phenyl)phosphoni um

tetra( O i (.di hyl phenyl,) phosphoni um t et ra( phenyl ) boron and
the |i E@Q@i%’pt h“gﬁ?lloé%rl{fmg%u%i e%od‘.?p\?&F 1BaY g RES 0B}y 1sqmpiation, ith any

enmbodi fembodifetttidessribéddmtaii. of the invention, an al kyl al uni num can be used
in conjunction with a heterocyclic conmpound. The heterocyclic conpound

i ncl ud | east one nitrogen, oxygen, and/or sulfur atom and includes at
| east ?éﬂ%-ni%ggtt?'ogen atomin a particular enbodinment. The heterocyclic
conpound includes 4 or nore ring nenbers in one 20 enbodinent, and 5 or

mor e r i[e9gs3jrdhb eatslystsystern hiagr aledrinetlidewné or 2R} atdie Axelsed Aexs W t&gpound
for useg g3, an actdigyaaor with an al kyl al umi num may be unsubstifuted or
subst i t YR thagmsddr B ammnrarrauad asrcomhination e compeimgs suprerinsl o8 of

sui t abh@suppbidd, tWiseH Sarl BahvHES ahahQ88He cAhloH co@&ﬁﬁydé.gg,lr %?fhér{%‘]f%;ﬂ%gj cal s,

cycl oal kyl radi cal s, argl radical's, aryl “substitute , acyl
r adi caletalloeengs, eicalipuchias by erdating 2 eatitinicaipscieBom thd @salyst aotnpadest. al kyl t hi o
radi cal s, dial kyl am no radicals, al koxycarbonyl radicals, aryloxycarbonyl

" adi cakdosd B BOHHRY bmbAFEAL S eiti ¥ botLbe He Ynltlst o6APBRIRYhay BElcERReg 3CY! OXY
radi cal s, acylamno radicals, aroylam no radrca S, rarg %, ranched or
cycl i c With kqatalys activatiircherein ssmphngfaredite aaen Sactiviater & oTypiddlly, thibsvolverent s

groups tituted with al ogens articularly fluotine or
Bnom o thsfecifn 8 o o, 1 ind bholp S ks8E s FomteoelieSents sbaogom 3
[ 00292]theNaetal ¢etiter bfithe@xialypl esmpdneny ATRCERAIPA cEMPEHdntsIGMthS preRéit tlentidt hy! |
et hyl , rtgﬁ |, . bu3¥l , qugtil){l , . hexyl ., cyclopentyl, cyclohexyl, benzyl or
phenyl ager %%ct’é(ﬂf& Qreerds lefin polymsgizaipnaising syeh activaistre Egtbodigrents,of wpthe
terti apyiaery Includ® PRVRRYs sa&lad BRI bK&li Moo XRAER Lo ts
i ncl udél %I uérélﬁllalt hyl , flolus(’)_rsoet %yély,%hdi 11l‘<l bgg%eg?ﬁgl , o%%%?g%ﬁ%ﬁ%rdéﬁn% exyl or
chl or olsath 8¢l callefl opROPprdinatinge aciiveoey (ENEA™) Kaltehmataly,oipuizing edivpouidol s
unsubst e N r nbqdi n re positionsg .o he
het er 0C§}é#§§&§g#p%§2‘§8§§é 5 uaglg t i&ﬁé&?‘g’ pv?ﬁﬂ{lﬁ ﬂ%% AR cBnVerth netia mentaﬁocenc

15 catalyst component to a metallocene cation that is active with respect to olefin polymerization.

[00285] More particularly, it is within the scope of this invention to use Lewis acids such as
alumoxane (e.g., “MAO”), modified alumoxane (e.g., “TIBAO”), and alkylaluminum
compounds as activators, and/or ionizing activators (neutral or ionic) such as tri (n-
20 butyl)ammoniuin tetrakis(pentafluorophenyl)boron and/or a trisperfluorophenyl boron
'metalloid precursors to activate desirable metallocenes described herein. MAO and other
aluminum-based activators are ‘well known in the art. Ionizing activators are well known in the
art and are described by, for example, Eugene You-Xian Chen & Tobin J. Marks, Cocatalysts
for Metal-Catalyzed Olefin Polymerization: Activators, Activation Processes, and Structure-
Activity Relationships 100(4) CHEMICAL REVIEWS 1391-1434 (2000). The activators may be
.25 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).



hal ogen atom or a hal ogen atom contai ning group, for exanple a hal ogenated
aryl group. In one enbodi nent the hal ogen is selected from chlori ne,

brom ne and fluorine, and selected from fluorine and brom ne in another
enbodi ment yoageldshg, hal ogen is fluorine in yet another enbodi nent. 10
[00294] Non-1Tmting exanpl es of heterocyclic compoundFQHY20EH70% t he
activator of the invention include si®stituted and unsubstit uted pyrrol es,
i m dazol es, pyrazoles, pyrrolines, pyrrolidines, purines, carbazoles, and

i ndol ege0268) ERY lalunif@h %ﬂ(yl%“ék?ﬂafiﬁﬁi%”)g%'oﬁi?%%)f?}%f’%e 984&15%15 %9 [@%g@%ﬁa\ N one

pyrrole, 4,5 6,7-tetrafl’uoroihdole or pyrro
embodi fdRY, whereintRdtie sdeoped fromdbergoun dontistiog iob €d tabavalkyls, Gooithnaiosyist h an

15 al k tRRBL.Lr . al yhel d an.actiwvat gor. cqnpound whi ch, upon
react | éﬁhl%\%% a ghgg(f}i/rgef ﬂ@ﬁ%@ﬁgfw ¢26rar3@_§<agr7p % Cx ﬁ@‘?’ﬁﬁ%c@ﬁe, 7 1t S@uces an
k1 Sl el e 1 Bt byl a1 DOREABD tfetpnag b B o

al kyl al_ur , L

trii sot?ﬁ?‘ﬁ?&é%ﬁiﬂmﬁ#&ﬁ Pieﬁ!‘%%&‘ivﬂnamﬁsrﬁéwseﬂp ithe mgtopds off thepresent invientions o-

oct y! aliglideUfinethlyiaRIMERYh 2 bitThyIMHnirRe ﬁﬁﬂﬁitﬂﬂhhﬂﬂﬁntﬂﬁﬁ-ﬁgiylalaﬁin%%g’ 61 Qt her

acfivators _inc|lude those described in WO 98707515 such as ‘tris , , 2t

nonaf | W@Bﬁl\bfﬁ@ﬁiﬂl@dﬁhﬂb&%al um nate. Conbi nati ons of activators are al so
contenplated by the invention, for exanple, alunpbxanes and ionizing

act i vatgpen | ' ' i : I I ' i ' 0
ol o aain IR Bz SR RS Foub 15 WGk SHTORRICR: 1 oo
| i t hi urPartipulae, thisybstiared bafony iteturit, sluniveme palliE; arsi indiviny womabirslsj md
conbi naf.| ' 2 - ' i co t.i bl e ani.on. . Al met hods of
et vat it thordhe o AR SANGGA IO SOTRE bReeBHT Soletisd Bomt S8« he

| i ke amtkenylsohaogrng ubstitetddaslkgls] i args, acymtides) dslkéoy dnde halpdes.poIR S o

re@deri ng t.he neutral bul ky |igand netal | oceng-ty cat al yst conpound or
precur 55730‘5181651" ﬁlfl é&?elgirﬁ‘éﬁfc?xﬁé‘?cgp?‘@% sqlsrited E%“Pi _ g@a’plasﬁ%%muaw Heri zi ng
ol ef i NYinclGHIAG Malo3GstiMAIA) &yle) allthlsNeEtS afketyl aGhipéahdsN P nfdebuleY chér8FNdIn
nmet al | ocene-type, catal yst conpound are escribed in for exanple, US
5, 849, @sgthersmbodingyy thenthres, gevps7arg seleried irn giienylygoupthaies) Be2barbongg-
PCT/ USZ£) 084 29 7L| t ' - t t
corrponen'?r?{s?%rég Cpgg%\?ingdllﬁonibrmi e rég!tnlnsdsalﬁg?i 9%%%?&§¥lggqgt gci?a%tfé;sa%or%sorrponent
from 1@64 ayl gowups having 3rtd 20rcarhcd®0forts (iocltdifg isubstibged enyls),canidodinbbmationsand f r om
150:1 tp 1:.1.in yet .anothet. e ipent. and fram50:.1 t 1 i.n yet . anot her
ebbod MR el PomEh riporip gt ot BR sraficams cgs e Bt iVl rdom 3. 1
to 0. 3icdrbon groups, phenyl, naphthyl and mixtures thereof. In yet another embodiment, the three
groups are selected from highly halogenated alkyls having 1 to 4 carbon groups, highly
halogenated phenyls, and highly halogenated naphthyls and mixtures thereof By “highly
halogenated”, it is meant that at least 50% of the hydrogens are replaced by a halogen group
20 selected from fluorine, chlorine and bromine. In yet another embodiment, the neutral
stoichiometric activator is a tri-substituted Group 13 compound comprising highly fluorided

aryl groups, the groups being highly fluorided phenyl and highly fluorided naphthyl groups.

[00288] In another embodiment, the neutral tri-substituted Group 13 compounds are boron
compounds ‘such as a trisperfluorophenyl boron, trisperfluoronaphthyl boron, tris(3,5-
95 di(trifluoromethyl)phenyl)boron, tris(di-t-butylmethylsilyl)perfluorophenylboron, 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).



I n yet another enbodi nent, wherein a desirable range may include any

conbi nation of any 5 upper nole ratio limt with any lower nole ratio limt
descri bed herein. Wen the activator is a cyclic or oligoneric
poly(hydrogﬁfgﬁ%@guninunloxide) (e.g., "MAO'), the nole ratio of activator
to catal yst' €0 Aent ranges from2:1 to 100, 000:1 in orer/esdoasbomesnt , and
from 10:1 to 10,000:1 in another enmb®di ment, and from50:1 to 2,000:1 in
yet anot her enbodi ment. Wen the activator is a neutral or ionic ionizing

acti vat ren.al kyl and the.iqnic ., salt of a boron alkyl, the
nol e ra@?zgﬁgﬁ Q%%ﬁ}’e\a;a?%r ?%tl%teé?@@?s cUNMPURE P ERgy aciivatessn ipclyde tp@,ﬁi}[}e; 1 10
i n one sbititdtedremmonianssafts ewehhs ety 1 A ohmtetra@R&E IR ay
Drying P ocess 002981 An s1 ?ay?g’ryi ng(]) 1met hoa@kntﬁﬁﬁoﬁl%gdﬂéwmn%@%e used.
For ex aﬁ“f%‘l‘(&enéf) ?IP?’aHF(B'bé‘é’rl)&BlmoéﬂW nistra®henyd)beromp ririmethylanompniimg tetra@el ut i on,

suspenstoBMbeondi SperinthyPimhbfukat al y%uﬁﬁ-@ﬂggborwe act i%i%tg/[ an rgo%th&n?nal ly

together with a filler, and optionally wt ting of the's ron, 15

suspensiFBHPeratiiosgpbemsiliatonat onitdprpylamingonpref er atotrg(ogdienetylpteag)bogor, he

lurr Bhtghdfie, atQm . Lth an inert dryin a e.., a ga
\?\h;chyi%%\@nreactlve utggae@g%ﬁ&éﬁ%gﬂ%ﬁ ??m?gmnenp:t&@%%ﬂa&uﬁm gt zrﬁtrli@ftpbn, guih
S'S ni t rﬂ;g:ecurnﬁbylfﬂmnah’mren, fAnu-amqwdamhpgiunpzzhara@enaaélu@ﬂj}?héﬂﬁ]bgﬂin, hi gﬂ(éls peed
isc c enpl. o 0 ect atomi zati reby there is created a

Spr oy o e T e, R e o NN a Rt st soeh i Wt

dryi ng dimsthyiahilished tet?@phengissal | M, 0anshyaimbhm %@ﬁ@l/%ylsﬁb‘?on\{%,w,%i- ¢ flow

of the slurr Eo,,effect atom zation of the slurry and/'or evaporation of the

| i qui d RFSEMsHY Aoty istrahenrbprqn agd ghe like dlalkyb@mmenium tselipewcht asr &- as hi gh
b bl i tat ereah ozt 8 | » i f.1h
as a O%S_oﬁl%?@élﬂn{)ﬁ%h | tate ﬁB@EﬂtéﬂﬁdrSQ} gg%ﬁd?&l,s urr ydﬁ?ﬁ%ﬁﬁ&g%néonﬁm °

volunetric fTow of drying gas Ts naint at 'a very ,
pagsi bl tetra(pheasbayon anslibe like;dripwl catloondem saltsdtrity btaits)suph es triphesyl@fbdhivam about

1 [ ' o S 2 f i t abl - [

et noge e aEpty T 2k, YRR G ol "R E MR Boeniiboriy. i (@hrE ) "
4, 376, Qﬁﬂsphf_nﬂlﬂﬂsﬂﬁﬁuclﬁ ?ﬁ?ﬂphkﬁﬁ?ho@pﬁ&ﬁuﬁ&?&ﬂphbrﬁl)ﬁ&%g,oﬂg)heﬁﬂﬁl?o%ﬂiotnﬁingUr el
is a schenmtic representation of, an _ex ar ray-dryi ng apparatus.

Referr itﬁ‘@ﬂ?@t&]n@@% e@?}%grgeh m XFW@"}]}’B’%GW}E%IM%f pBWéh siyl F&?ﬂﬁl@{lﬂm@@: froma

r eser vaifdidbth DpRdspR&itth $etrApptRnPStdrsdt 2ddd Ghd U, DandSthbfe affinidu ©
passes tl(‘lj‘ oug E?z;z)f)e lFé it is m“)xedﬂwi trh WO 2005/ 68292% - 40-
PCT/ USXU9B2BDIE708 atoni zi ng nitrogen gas, which enters the system at point

E15The mist of catalyst conposition thus formed in the drying chamber Gis
then drjh@s) iR yboter 8RDSEmt FHd abtivald? 38 Thdi@Fentibhli £ alkylaluminum can be

used in conjunction with a heterocyclic compound. The heterocyclic compound includes at

least one nitrogen, oxygen, and/or sulfur atom, and includes at least one nitrogen atom in a
particular embodiment. The heterocyclic compound includes 4 or more ring members in one

20 embodiment, and 5 or more ring members in another embodiment.

[00291] The heterocyclic compound for use as an activator with an alkylaluminum may be
unsubstituted or substituted with one or a combination of substituent groups. Examples of
suitable substituents include halogen, alkyl, alkenyl or alkynyl radicals, cycloalkyl radicals,
aryl radicals, aryl substituted alkyl radicals, acyl radicals, aroyl radicals, alkoxy radicals,
95 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.



enters the drying chanber at point A The bath nitrogen bath is heated by
heater B before entering. Particles of unacceptably |arge di aneter catalyst
conposition are not entrained in the nitrogen flow and drop into oversize
col l ecti onvﬁggoo%szﬂ}e remai nder of the catalyst 5 conposition continues

t hrough chanber~outlet | into the cyclone separator J, RMEDU$2003/1708

particul ate catal yst conposition is td8%engaged fromthe gas stream and
dropped into a renovable product collection pot K, fromwhich the fully

activat L Sits | L ' recovered. . The nit en gas is drawn
Fhr ovgttoer Buliatiel R deaals o RNEbRS iy Re el Shnnerom panso0
Anot herpetiyhéiexl, eeldpeityle cypsheyyldbenznbor eyl drouds laud @ 1@ HeMird 411l tAdlk d

m xt uremé)fe a .10 no v?l at i Ibe ﬂaterl als f &gt Lon, a solvent fraction and at

| east OPEEyHSF &K JRATY Outy dSOPé?méy% Hike} i Qther examples ef substituents

t enper dhélud MiporkBAS MRS diffiot6 3, RIBHOBN bdklohexfISf CRBIBS Y ¢ SPray by

passing the m xture through an orifitce into an environnment sul le for

form ng‘ sol i d art;ﬁi’gl,at es by solvent evaporation. Such a nethod is

di scl od&B%3I Jn pns, embpdimept, the heferosynlic ompemdi is Bipsubitivted. ng In hanottiez e of
theg oridnieamet chderahay iof ' = ' bt IS . ossi bl e
to obtain particles rhavi n%ﬁggs%ggmg\%%g%ggr%?ﬁ@}sgﬂi%é;?uléshéqt?dgf"?%né)about 5
ni cr omdialagen atom eihd helogawoateth cootaming grouphfer pammple |ackalogenareénad ghsupiid he

spray- i ' | 1. carboxyl ated. b ating the particles,
P St R ARE hADRL ¥ sfred HERREHBIY Biindod BRlyarsy i Efitnm

parti culuatiee nmd dromine vihi anbthiess einbeditneng drldethet itégea ORPMRETHe SinOfett hGtheat al yst
system __and. dU{i ng subsequent pol ynerization, can be enployed as the filler.
Such nﬁ“f’g’ro e can be or ganic or inorganic. Suitable fillers include funed
silica, non-funed silica, boron nitride, titaniumdioxide, zinc oxide,
pabyst yoese Noardihidag ekafpleda ol diettcy clié! teshpbilisORiIaRH Cin the | dcGidatbs oPtRS er r ed
because_ it .imparts high viscosity to the slurry and good strength to the
spray- Hyenlen ﬁ%ﬁl'fq%cﬁl@gt!mtﬁ%ran YRhst tutesh BymrqlRs, oimidegeles pymeetesy nyeolivesd. The

ti ; e il | h : ticl
parti ClyyRbBdifB %u!ﬁ.ﬁés, 2ROV A[ BRlolds! ngélg'? gig%lgs’o%ed‘ﬁ‘@th?y?ﬁg‘gﬁi’gy lcle

size no'greater than 50 mcroneters, p no greate

m cr ongesiefuorgphenplapyrioteus. 416/ -ietrafluoraindelapt dytedifleeropyrkdles. shoul d  be dry,
i.e., free of absorbed water. [00303] Sufficient filler is preferably
enpl oy u ' | e Slurry
cont o divab 1R BAE Y fedimél e heBle A Eorh Qs RO NLR s conbmea Wl A 0%, 15
VD5 200 S8 eninuRGF/ dpShand{ade 167 9i8ld an activator compound which, upon reaction with a

catalyst component, for example a metallocene, produces an active polymerization catalyst.

Non-limiting examples of suitable alkylaluminums include trimethylaluminum,
triethylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum, tri-iso-
octylaluminum, triphenylaluminum, and combinations thereof.

20
[00296] Other activators include those described in WO 98/07515 such as tris (2, 2', 2'"-

nonafluorobiphenyl) fluoroaluminate. Combinations of activators are also contemplated by the
invention, for example, alumoxanes and ionizing activators in combinations. Other activators
include aluminum/boron complexes, perchlorates, periodates and iodates including their
hydrates; lithium (2,2'-bisphenyl-ditrimethylsilicate)-4THF; silylium salts in combination with

.25 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.



-41 percent by weight, preferably from about 2.5 percent by weight to about
10 percent by weight. When spray-dried, such slurry produces discrete

catal yst particles in which filler is present in an anount of fromO
percent by w&h@hbs,be about 50 percent by weight, preferably from about 10
percent by weight to about 30 percent by wei ght. The spPEl/USRODZM1IW&L al yst
particles produced in this manner ty8ically have an average particle size
of fromabout 5 mcroneters to about 200 mcroneters, preferably from about
10 m cr@ee a ' neri zati.on, Process [ 00304] The
spray d?i ,egqga%egﬁll’s?l@ gagﬁ%otm éﬁlp gﬁqf%g’r@{ E%rgg? ne%g%/?yarﬁr%) R0kt 2“8& 5194/ or

pol ynericiyatpiole patalyeseompoaentafromdid00dnte O 1,t ampfoat B0@S RNT 1 PhesMees. The

t i nethe re f from-60C to about 280C, preferabl
tr om 5ol hha oot Bs0:0 S 4 AL anoshPTnbotaHS, Bof ke skhte B meksber xt ur e
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8esrsion. Atomization is preferably done by passing the slurry through the
atomizer together with an inert dryiné gas, i.e., a gas which is nonreactive under the conditions

employed during atomization, such as nitrogen for example. An atomizing nozzle or a
centrifugal high speed disc can be employed to effect atomization, whereby there is created a

spray or dispersion of droplets of the mixture. The volumetric flow of drying gas, if used,

20 preferably considerably exceeds the volumetric flow of the slurry to effect atomization of the
slurry and/or evaporation of the liquid medium. Ordinarily the drying gas is heated to a
temperature as high as about 160°C to facilitate atomization of the slurry; however, if the
volumetric flow of drying gas is maintained at a very high level, it is possible to employ lower
temperatures. Atomization pressures of from about 1 psig to 200 psig are suitable. Some

925 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



phase process. WD 2005/082947 PCT/ US2005/ 001708 -42 [003091 I n anot her
enbodi nent, ethylene or propylene is polynerized with at |east two different
conononers, optionally one of which nay be a diene, to forma terpol yner.
[003101 | nyw@R diment, the invention is directed to a polynerization
process, particularly a gas phase or slurry phase prod38Us20a5/001368 yneri zi ng
propyl ene alone or with one or nore-®her nonomers including ethyl ene,

and/ or other olefins having from4 to 12 carbon atons. 5 [003111 Typically
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(1724 ¢ §§ o0 about 350 psig (2414 kPa). [003131 The reactor tenperature in
a gas phase process may vary from about 30C to about 120 20 C, preferably
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[00301] By adjusting the size of the orifices of the atomizer employed during spray-drying, it is

possible to obtain particles having desired average particle size, e.g., from about 5 micrometers
to about 200 micrometers. The particles recovered from the spray-drying can optionally be

decarboxylated by heating the paﬁicles, e.g., as disclosed in U.S. Pat. No. 5,652,314.

20 [00302] Any solid particulate material which is inert to the other components of the catalyst
system, and during subsequent polymerization, can be employed as the filler. Such materials
can be organic or inorganic. Suitable fillers include fumed silica, non-fumed silica, boron
nitride, titanium dioxide, zinc oxide, polystyrene, and calcium carbonate. Fumed hydrophobic
silica is preferred because it imparts high viscosity to the slurry and good strength to the spray-
dried particles. For example, Gasil™ or Cabosil™ may be used. The particulafe material

25 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 shury suitable for spray-drying,

ie., a slurry containing such filler in an amount of from O percent by weight to about 15



hour (227 Kg/hr) to about 200,000 | bs/hr (90,900 Kg/hr) or higher of
polynmer, preferably greater than 1000 | bs/hr (455 Kg/hr), nore preferably
greater than 10,000 | bs/hr (4540 Kg/hr), even nore preferably greater than
25,000 | bs/hr (11,300 Kg/hr), still nore preferably greater WD 2005/ 082947
PCT/ US2005w@boda8294743 t han 35, 000 | bs/ hr (15, 900 Kg/ h;;) still even nore
preferably greater than 50,000 Ibs/h (22,700 Kg/hr) ﬂ/%qs Blr%’?erably
greater than 65,000 | bs/hr (29,000 Kg}hr) to greater than 100,000 I bs/hr
(45,500 Kg/hr). [00316] A slurry polymnerization process generally uses
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is polymerization of one or more olefin(s) at least one of which is ethylene or propylene.

[00306] In one embodiment, the process is a solution, high pressure, slurry or gas phase
polymerization process of one or more olefin monomers ﬁaving from 2 to 30 carbon atoms,
preferably 2 to12 carbon atoms, and more preferably 2 to 8 carbon atoms. The invention is
particularly well suited to the polymerization of two or more olefin monomers of ethylene,

20 propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene and 1-decene.

[00307] Other monomers useful include ethylenically unsaturated monomers, diolefins having 4
to 18 carbon atoms, conjugated or nonconjugated dienes, polyenes, vinyl monomers and cyclic
olefins, = Non-limiting monomers useful in the invention may include norbornene,
norbornadiene, isobutylene, isoprene, vinylbenzocyclobutane, styrenes, alkyl substituted

.25 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.



hour (907 Kg/hr), nore preferably greater than 5000 | bs/hr (2268 Kg/hr), and
nost preferably greater than 10,000 | bs/hr (4540 Kg/hr). In another

enbodi ment the slurry reactor may 25 produce greater than 15,000 | bs of

pol ymer p 04 Kg/hr), preferably greater than_ 25,000 | bs/hr

(11, 340 KS‘/‘VRPW{%&S out 100, 000 | bs/hr (45,500 Kg/ hr). ACBOSI9FO®SND| es of
sol ution processes are described in-¥2S. Patent Nos. 4,271,060, 5,001, 205,
5,236,998 and 5, 589, 555 and PCT WD 99/ 32525, WD 2005/ 082947
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[ 00324] The polyners, typically ethylene based polyners, have a density in

the ran@g12pfrhé k@bfor pressure in a gas phase process may vary from about 100 psig (690 kPa) to
15 about 500 psig (3448 kPa), preferably in the range of from about 200 psig (1379 kPa) to about
400 psig (2759 kPa), more preferably in the range of from about 250 psig (1724 kPa) to about

350 psig (2414 kPa), |

[00313] The reactor temperature in a gas phase process may vary from about 30°C to about 120°

C, preferably from about 60°C to about 115°C, more preferably in the range of from about 70°

20
C to 110°C, and most preferably in the range of from about 70°C to about 95°C. In another
embodiment, the reactor temperature 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
25 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 1bs/hr (455 Kg/hr), more preferably greater than 10,000 lbs/hr (4540 Kg/hr),
even more preferably greater than 25,000 lbs/hr (11,300 Kg/hr), still more preferably greater



0.86g/cc to 0.97 g/cc, preferably in the range of fromO0.88 g/cc to 0.965
g/cc, nore preferably in the range of fromO0.900 g/cc to 0.96 g/ec, even
nore preferably in the range of from0.905 g/cc to 0.95 g/cc, yet even nore
preferably ge fromO0.910 g/cc to 0.940 g/cc, and nost 25
preferably m%({ag/?&?ﬁan 0.915 g/cc, preferably greater tRaHUBAY Ycc, and
nost preferably greater than 0.925 gM8c. Density is measured in accordance
wi th ASTM D-1238. [003251 The pol ynmers produced typically have a nol ecul ar
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polymerization, or a slurry process where the temperature is kept below the temperature at
which the polymer goes into solution. Such technique is well known in the art, and described
in for instanée U.S. Patent No. 3,248,179. Other slurry processes include those employing a
loop reactor and those utilizing a plurality of stirred reactors in series, parallel, or combinations

thereof. Non-limiting examples of shurry processes include continuous loop or stirred tank

20 ) .
processes. Also, other examples of slurry processes are described in U.S. Patent No.
4,613,484,.
[00318) In another embodiment, this process may produce greater than 2000 Ibs of polymer per
hour (907 Kg/hr), more preferably greater than 5000 Ibs/hr (2268 Kg/hr), and most preferably
greater than 10,000 Ibs/hr (4540 Kg/hr). In another embodiment the slurry reactor may
.25

produce greater than 15,000 Ibs of polymer per hour (6804 Kg/hr), preferably greater than
25,000 Ibs/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.



20 even nore preferably greater than 50 and nost preferably greater than 65.
For exanple, the nelt index ratio (121/12) may be of fromb5 to 300, 10 to
200, 20 to 180, 30 to 160, 40 to 120, 50 to 100, 60 to 90, and a
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[003321 The pol ynmers produced by the processes described herein, utilizing
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15 Polymer Products

[00323) The polymers produced can be used in a wide variety of products and end-use

applications, The polymers produced include polyethylene homopolymers and polyethylene

co-polymers, including linear low density polyethylene, elastomers, plastomers, high density

polyethylenes, medium density polyethylenes, low density polyethylenes, as well as
20 polypropylene homopolymers and polypropylene co polymers.

[00324] The polymers, typically ethylene based polymers, have a density in the range of from
0.86g/cc to 0.97 g/ce, preferably in the range of from 0.88 g/cc to 0.965 g/cc, more preferably
in the range of from 0.900 g/cc to 0.96 g/cc, even more preferably in the range of from 0.905
glcc to 0.95 glec, yet even more preferably in the range from 0.910 g/cc to 0.940 g/ce, and most

.25 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/My) of greater thian 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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[00335?“4‘??@5%?f9%]|3’§355fd§?§|3941 |y ethyl ene based pol yners, should have a
density in the range of from0.86g/cc to 0.97 g/cc, preferably in the range
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[00328] In one embodiment, the polymers have a melt index ratio (I1/Ir) (Io; is measured by
ASTM-D-1238-F) (190/21.6) of from 10 to less than 25, more preferably from about 15 to less
than 25. The polymers, in a preferred embodiment, have a melt index ratio (I.1/I;) of from
greater than 25, more preferably greater than 30, even more preferably greater that 40, still
20 even more preferably greater than 50 and most preferably greater than 65. For example, the
melt index ratio (I)/I;) may be of from 5 to 300, 10 to 200, 20 to 180, 30 to 160, 40 to 120, 50

to 100, 60 to 90, and a combination of any upper limit with any lower limit.

[00329] In yet another embodiment, propylene based polymers are produced. These polymers
include atactic polypropylene, isotactic polypropylene, hemi-isotactic and syndiotactic

.25 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,



15 wei ght to nunber average nol ecul ar weight (Mv M) of greater than 5 to
about 80, particularly greater than 10 to about 60, nore preferably greater
than about 15 to | ess than about 55, and nost preferably from20 to 50.

[ 003371 Th made by the described processes can in certain

enbodi nent ?ﬂ%i’@gﬁelt 20 index (M) or (12) as neasuPEHUSRI05081I08 D- 1238- E
in the range from0.01 dg/nmin to 1000#6-dg/ min, nore preferably from about
0.01 dg/mn to about 100 dg/mn, even nore preferably from about 0.02

dg/m’nﬁ1 Qi < Tol} omabut003d/'nto
about g%/ menmf 00??%]% Bﬁh‘}lﬁ&?iﬁ%}g&gﬁs@y%@h&q 8 %V%B?s%“gs{p?an in
certai riﬂ@nbodl ments have a nelt 25 index ratio (I 21/I2) (121 is neasured by
ASTM D- 1238-F) of from40 to | ess than 500 nor e preferabl y from about 60

to | t de by th
0 b o5 e ARl QO BaoSEN e U 1S Tolng St i o
021/ 12)filf, 3eet, andréibeniextchsiopn aAS'EM-e@tr&ﬁ&BaﬁelDﬁs blo@MnoRlirkY, efjédtion ntHdfeer t han

40, nore prefer reate n 50, e ref erab y greater t hat WO
2005/ 0§24 Ao%aT %géﬂg 6?’57‘6%% W‘h@"a@(ﬁmégv d By eoexirypian BF b pingtipngr eat er
than 65usafilladTEtnk FHIRS enﬁgoﬁun HREh&Im! B&ilingd @nmé re,neﬁ't%d Pfims, HAck rﬁd&{g&

]il%lr wei ght

enbodi nents, the pol ynmer of ‘the invention may have a nar’r ow

di st ri DY SuEnbegs, BFQS‘&H’ é@#&ob?&eﬂowddﬁgzan foad | paokaging;i medlmrmkamg my be
t hose t 40] certain
enbodi Frégérl\%égﬁ[ %rl%rgy ene aée ﬁ’ rrer%éﬁgtaar?la%gn%?%dgg%ngcfz agﬁgl e %BS esses 5

descri bacludeemelt spmﬂihgsselquoh yspmnmgrand: lm,edtdalmﬁbermpmhwmrmp)akeﬂmeyovreﬁodract iC
ct | | ene. Ot her

| | ' di |
o7 oy AR AL R st R e e PHbEReCOb P Sevlopy ene

pol ynerstieks ihtledemédi@e subiig vmel dand Ieamweoauﬂ b@eagebneﬁmﬁner an@is&rmk&ry
Pafent 4,794, Qie 3,248, 455, 4, 376, 8%1 5,036, 034 and 5, 459, 117.

[0034111\'}?7%‘4%d poelesincludss single and, paiti-laypreheonsiractions pwdhe fosm ofrbosissxtenkisled wi t h

any ot hele hdivPRLYIEE figid\30d kbrralhérglgn Jges of other polyners include
l i near 1ow density polyethyl enes uce via conventional Ziegler-Natta

and/ or bul ky l|igand netall ocene- type catalysis, elastoners, plastoners,
hi gh pritimedakPalvmer®roduet, pol yet hyl ene, hi gh density pol yet hyl enes,
pol ypropyl enes and the |ike.

[00332] The polymers produced by the processes described herein, utilizing the mixed catalysts

15 described herein, are preferably bimodal. The term “bimodal,” when used to describe a
polymer or polymer composition, e.g., polyolefins such as polypropylene or polyethylene, or

other homopolymers, copolymers or terpolymers, means “bimodal molecular weight
distribution,” which term is understood as having the broadest definition persons in the

' pertinent art have given that term as reflected in printed publications and issued patents. For

20 example, a single composition that includes polyolefins with at least one identifiable high
molecular weight distribution and polyolefins with at least one identifiable low molecular

weight distribution is considered to be a “bimodal” polyolefin, as that term is 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.
.25

[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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[00336] The polymers can have a molecular weight distribution, a weight average molecular
15 weight to number average molecular weight (Mw/M,) of gweater than 5 to about 80, particularly
greater than 10 to about 60, more preferably greater than about 15 to less than about 55, and

most preferably from 20 to 50.

[00337] The polymers made by the described processes cara in certain embodiments have a melt

20  index (MI) or (I;) as measured by ASTM-D-1238-E in the range from 0.01 dg/min to 1000
dg/min, more preferably from about 0.01 dg/min to abouat 100 dg/min, even more preferably
from about 0.02 dg/min to about 50 dg/min, and most preferably from about 0.03 dg/min to
about 0.1 dg/min.

[00338] Polymers made by the described processes cara in certain embodiments have a melt
25  index ratio (I/I) (Iz1 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 (Ioi/I;) (I1 is measured by ASTM-D-1238-F) of from
preferably greater than 40, more preferably greater than 50, even more preferably greater that



by Cabot Corporation. The conposition of the resulting spray dried catal yst
was 2wt % HN3Zr/ X, 32% net hyl al unoxane, 66% cabosil TS610. [003451 This
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[00341] The polymers of the invention may be blended and/or coextruded with any other

10 polymer. Non-limiting examples of other polymers include linear low density polyethylenes
produced via conventional Ziegler-Natta and/or bulky ligand metallocene-type catalysis,
elastomers, plastomers, high pressure low density polyethylene, high density polyethylenes,
polypropylenes and the like.

[00342] Polymers produced by the process of the invention and blends thereof are useful in such
15 forming operations as film, sheet, pipe and fiber extrusion and co-extrusion as well as blow
molding, injection molding and rotary molding. Films include blown or cast films formed by
coextrusion or by lamination useful as shrink film, cling film, stretch film, sealing films,
oriented films, snack packaging, heavy duty bags, grocery sacks, baked and frozen food
packaging, medical packaging, industrial liners, membranes, etc. in food-contact and non-food
20 contact applications. Fibers include melt spinning, solution spinning and melt blown fiber
operations for use in woven or non-woiien form to make filters, diaper fabrics, medical
garments, geotextiles, etc. 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,

etc.
.25

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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much as three tinmes the anmount of solids than the slurries of Exanple 1.
Exanpl e 3 (conpar ative): 15 1003491 A spray dried catal yst containing
"HNSZr" { Bigsd ﬁ) w%qethyl)[N‘ (2,3,4,5, 6-

pentanetiiyl phen N[2-[2,3,4,5, 6- pent anmet hyl phenyl ) aPEHBS200q0et g1 ] - 1, 2- et
hane di am nato(2-)kN, kN ]zirconi un}48nd " X' {(n-propyl cycl opent adi enyl )
(tetramet hyl cycl opent adi enyl) zi rconi umdi chl ori de} were m xed at a 4.2tol

nol ar rg@t. . C | n aI u Thi t was then
supporte égn gcli] llltc% s)%?n' %51 eﬁ‘? VS'E‘ scAal} Eloieﬁl’%/ g?‘ raf Thj s
cat al ys)yelglasavdrhgermmtemﬂai weight ulnlleskmhemﬁ@(rfo)ed55@olﬂﬂumrvéﬂ1glﬁé inclullig vRigduce a
slurry havin 8‘V sollg@égcentratlon in oil. Significant foam ng was
noti ced” era%(i?’?é ay; - woiglhy3B¥w). FHImMber @erags moecilan Wnight3(Nids and seeavetpige h

Hy dr obrdledulat waighe(vat) wirk nIegs@éd)&ikG@l }%m'iéa%ﬁ Y:hro%ﬁuggar?hslgc}ﬁc a&@ %m?h?' Ids
concentration (25wt/a) along with % n- hexane

si gni f|aé§ﬁ?P’$lqsé§’§mW%¢giﬁ)lﬂjSECHe corrparl son shovved a surpri SI ng reductl on
in the foam content of the 25% slurry with 10% hexane of Exanple 4 conpared
to5t he ﬂ,&,{glgé pg Yo g}aﬁ‘l;?:arrpl e 3. WO 2005/ 082947 PCT/ US2005/001708 -51-
Exanpl e [ 0035 Jl.) pray dried catal yst containing 2% by wei ght of HN5Zr/ X
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[00345] This catalyst was mixed with mineral oil (Hydrobrite® 550 manufactured by Crompton
Company) to produce three slurries having 8%, 12% and 18% solids concentration in oil.
15 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:

20 [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.

.25 00347 Table 1: Effect of solids concentration on viscosity at 25°C.
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| bs. of n-hexane was added and m xed for 1 hour at 40C. Then 156.4 |bs. of
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Q

h
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The abpvex t-Hy—wers fet—the25—ga-er—horzontal—eylinder for about
6 nont D7 5 4g_n:pe|:_£.t_|,u_e_§5§-'r er _fdolli rltgp he c) ILnde4 2f or 24 hours,
the sl v4as ltransttdred tio a & alysi| feed® in alflui dilded bell reactor.

No propl el n tiransf&42 was gncoun?Zred. The sl980ry 15iwas f40g to the
f1gidi ged gd rieact 043§ or afout Ippghours|and 8853000 THS of Aproda HDPE was

producgd: 8' &) roperg{gg—:s_ of L{Ie TESy T Vere as gfét7i rowsT—FHov 4||uc1\ 8.5
dg/ mn 'I(T +—H-ow o—248+—=an 20—DBe¢ . -
2 440 674 966 387
11.9 441 668 962 379
13.6 439 658 958 375

10 [00348] As seen in Table 1, the viscosity of this slurry at 25% solids with heptane (Example 2)
was less than the lower concentration slurries without any heptane present. This observation,
was surprising and unexpected considering the Example 2 slurry contained as much as three

times the amount of solids than the slwrries of Example 1.

Example 3 (comparative):

15 [00349] A spray dried catalyst containing “HNS5Zr” {Bis(phenylmethyl)[N'-(2,3.4,5,6-
pentamethylphenyl)-N-[2-[2,3,4,5,6-pentamethylphenyl)amino-kN]ethyl]-1,2-ethane
diaminato(2-)kN,kN']zirconium} and “X” {(n-propylcyclopentadienyl)
(tetramethylcyclopentadienyl) zirconiumdichloride} were mixed at a 4.2 to 1 molar ratio, and
activated using methyl alumoxane. This catalyst was then supported on silica Cabosil TS 610

20

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

925 having a higher solids concentration (25wt%) 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.




[ 00356] Another slurry using a different catalyst ratio (HN5Zr/ X m xed at
5.5to 1 ratio) was prepared simlar to the Exanple 5. No foam ng or

handl i ng probl em was encountered with this slurry (22% catalyst, 10%

n- hexane 0 doI(r) oil). The slurry was stored in the 125 25 gallon
hori zont aladag ﬁ;@n{% for about 9 nonths at anbient tenp@FEUFRWSOUIBer rolling
the cyli nder for 24 hours, the slurP-was transferred to a catal yst feeder
in a fluidized bed reactor. No problemin transfer was encountered. The
slurryLﬁ@dﬁh to the fluid bed reactor for about 15 hours and 80, 000 | bs
of bi HDPE was produced. The properties of the resin were as follows:
WO 2005/ 082947 PCT/ U82005/ 001708 -53- Flow index: 6.5 dg/mn; Mlt Flow
Rati o: [99381] Aqspay @equweslyst oox@amulg 20008 S EightUnl NS ZoKreixed sies:i mijlaraatmj al |

nb t,
Cona ¢ S22 GRS RN ok SnPfnd QUL B wEIT of ool WO o0 £ 1o
under stmlodscake sppp Keper.nBhe pmclda?sedismuﬁda?ﬁd&smﬂybt@#me@uﬁeu% Masa%eametrt o0 be g
I.nventl o e._error. o asur enen etcC. an

obt ai ng r

shoul d 3&1& YMQFWBWHTSQ@%%\% ¢my UK. is gy bePWi epor t ed si gni fi cant
digits and by appl ying ordinary rounding techniques. Notw thstanding that
the nunerical ranges and vR$04Bmeedd;i ng forth the broad scope of the
invention are approximati ans0:24 AereliaRd i cal val ues set forth are reported as
precisely as 10 possible.p{®33%84ro | priority docunments are herein fully

i ncorporated by reference for all jurisdictions in which such incorporation
is permtted. Further, all docunents cited herein, including testing

procedyj@sy arg 148¢ Slalk ity Wad RepfRPasH LHi tuta!ﬁf %@rﬂﬁ&cah@én@idotﬂeyﬁ?éd' ctions
in which suchlncorporatlonls ermtted 00359] Wiile the foregoing is

di r ect edd nigerahoid (el ® alsp mqﬂéfapmﬂslebﬁ erwmm C@mpalm) Heiteshthe fosming ad
coope FRoondbhE | TR Bl kGO, 95 o vbesot Bn U o ol B 00 D2S! ©
f ol | ow.agiftor. 2&bout 483 1bs. of degassed mineral oil was charged into the 125 gallon vessel, and 71

Ibs. of n-hexane was added and mixed for 1 hour at 40°C. Then 156.4 Ibs. of the spray dried

catalyst was added over a period of two hours. The slurry 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.

15
[00353]  There was no foaming observed. The solids were mixed well and discharged into
the horizontal cylinder easily. The viscosity of the slurry 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.

20
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54 The invention claimed is: 1. A nmethod for preparing a catalyst,
conprising: first conbining mneral oil with one or nore |liquid al kanes
having three or nore carbon atons to forma mxture; followed by conbining
with the mxture a spray dried catal yst system conprising one or nore
conponent s 0 fromthe group consisting of netall ocenes,

non- net al Ig?:ingésh?s@%%d a conbi nation_thereof to forma STQY¥Sp0059017he net hod
of claim 1, wherein the viscosity ofP2the sl urry is reduced by at least 30
percent due to the addition of the one or nore liquid al kanes. 3. The net hod
of claim1l, wherein the catal yst systemis a m xed catal yst system
conprising at |east one netall ocene conponent and at | east one

non-netal | ocene _conponent. 4. The method of claim 1, wherein the slurry
conpr 1081 tipble & Yerconty o A2 %ais{urpie { Gfathexane anh68% 08 (Baydob®E | i quid al kanes. 5.
The nethod of claim1, wherein the slurry conprises between about 2 percent
by weight and 15 per LghtTof— 1% more |iquid al kanes. 6.
The met hod of cl ai 1%;§?gﬁqﬁkﬁe gl urr?%(%%r(&es up to 50 percent by

wei ght of the catpl yst systlem 7. The net ha&d0of claim 1, wherein the slurry
conprises at |east316 perﬂc*bt by—wetght—of-the—cat st system 8. The
mefhod of claim1,| wherei ;‘?8( he slurny corrpriséés from5 percent by weight to
about 35 percent bP/ Wel ghty pf tThe catalyst sygtem 9. |The nethod of claim1,
wherein the slurrylconprises from 10 percent by weightf to about 30 percent
by wei ght of the cjatal yst 3istem 10. The nm&Rhod of cllaim 1, wherein the

net al | ocene, when presefnts d'Os repregented—by—the—forqul a: CpACpBMXa
wherein: Mis a netal ator?r CpA and |CpB are 488ch i ndependently an
unsubstituted or sjubstituigeg) cyclTCc|[TTnNg 0i4Q8P,

9.80 428
11.20 ) . 415

10

[00355] The above slurry was stored in the 125 gallon horizontal cylinder for about 6 months at
ambient temperature. After rolling the cylinder for 24 hours, the slurry was tramsferred to a
catalyst feeder in a fluidized bed reactor. No problem in transfer was encounterecl. The slurty
15 was fed to the fluidized bed reactor for about 15 hours and 80,000 lbs of bimodal HDPE was

produced. The properties of the resin were as follows:

Flow index: 8.5 dg/min;
Melt Flow Ratio: 218; and
20 Density: 0.9489.

Example 6:

[00356)  Another slurry using a different catalyst ratio (HN5Zr/X mixed at 5.5 t© 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 stored in the 125
.25  gallon horizontal cylinder for about 9 months at ambient temperature. Afier 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 rea ctor for about
15 hours and 80,000 Ibs of bimodal HDPE was produced. The properties of the resin were as

follows:



Xis a leaving group; and n is zero or an integer from1l to 4. 55 11. The
nmet hod of claim 10, wherein CpA and Cps are each independently selected from
the group consisting of cycl opentadi enyl, indenyl, conbinations thereof, and
derivativeg,{ 12. The method of claim 10, wherei i irconium 13.
The et hod%&ﬁgl(%?%”lo, wherein Xis selected fromthe Mzﬁtg@gﬁz{i ng of
am nes, phosphones, ethers, carboxyla%%s, di enes, hydrocarbyl radicals
having from 1l to 20 carbon atons, hydrides, hal ogens, conbinations thereof,
and derivatives fh&es §76.§Bg/rrﬁﬁ‘er einnis 2. 14. The nethod of claim1,
wher ei n the non-netallocene, when present, is represented by the fornula:
aa(3bYgMXn  wher et MowSRAid 8 @lang X 1S 1 ndependently sel ected fromthe group
consi sting of hal ogen ions, ydrides, Cl to Cl2 alkyls, C2 to Cl12 al kenyl s,
C6 to C12 aryls, Behsi® 09281, al kylaryls, ClL to C12 al koxys, C6 to Cl16
aryloxys, C7 to C18 al kylaryloxys, Cl to Cl2 fluoroalkyls, C6 to Cl2
fluoroaryls, ClL to Cl2 heteroatom containing hydrocarbons, hal ogenated C6
to Cl16 Xy B defii i , roups
that cane D AR0 IRIASE iR e Saprtithle) Qhanef ™ e Rt P g
noiset y pregertits rrpastian chaditiens) atxbnel forth, aseshinothe Gpegificayion and claimp aregto bend n are
each int s fro .o 4 15 . T / alm 14 N i

zi rconi lljur?ﬁ%%@%l. gsAégﬁécﬁl%?ﬂn%n(s) rbatsﬁde I?ﬁlepr%%lg%ﬁgé%rﬁ%so%qug%toﬁ’p%§E|;t§11glgl:ed y v rﬂzet

conbi ni psent ieeationDhnd thie elrop 6Emeasurepieet, kicq anhdl stadukdbatedsashby corgtridd iadightt nore
carbon atqgns tq forma mxture; fol)owed by conbining with.th ixture a
spray dP# ‘E’é’ﬂol?ff WL frenoute é’rﬁnﬁﬁ’éﬂ"p&g’é‘i H&d%ép@wnﬁﬂ@ng‘yt@mf‘% ?eé’ 8¢%ed from
the gr owRtwigifinding Bt Ghe niRkAtd] GaRIRE and RAReBitRhd GGANER, brait sedpe Glkd1at i on

thereof to forma L . )
invention are approximations, the numerical values set forth are reported as precisely as

10 possible.

[00358]  All priority documents are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted. Further, all documents cited herein,
including testing procedures, are herein fully incorporated by reference for all jurisdictions in

which such incorporation is permitted.

15
[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.
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slurry;and transferring the slurry to a gas phase reactor; and thereby
contacting the slurry wth one or nore ol efin nononers, optionally, having
2 to 30 carbon atons. 17. The nethod of claim 16, wherein the viscosity of
the slurry is reduced by at |least 30 percent due to the addition of the one
or nore liquid al kanes. 18. The nethod of claim 16, wherein the catal yst
systemis a mxed catal yst system cdfprising at |east one netall ocene
conponent and at | east one non-netall ocene conponent. 56 19. The net hod of
cl aim 16,, wherein Ehe | urry conmprises up to 20 percent by weight of the
one or mbPeIE ﬁpﬁfgpﬁiﬁes. 20. The nethod of claim 16, wherein the slurry
conprises up to 50 percent by weight of the catalyst system 21. The nethod
of claim16; {Hehe °fH@Pﬁ¥§51Wﬁ%ﬁﬁé@“@ﬁ@ﬁgpresent, is represented by the
formul a: Cp CpBifist cambingngningral eil vitheng or motsiquhalkansd hayipe tiree awach
i ndependent | y amaipsarben atoms éulfosn aguissre;t uted cyclic ring group; X is a
| eaving group; and n is zero or an integer froml to 4. 22. The nethod of
claim 21, wher eifollogEd yrdnbBpBn@with dechixiuiele peagdi¢d jatd et el from t he
group consi sti ngombrisiyg bep@hadiceimydnentisieRongd frofOlb oAb icomsstingef eof , and
derivatives themgpdllocad MAah&hllochhdsSandl d aibinkion Sbreof AE fortadddrnef cl ai m 21,
wherein X is selected fromthe group consisting of am nes, phosphones,
sthers, atcg;rzgoa;%é ﬁt-ﬁgd oﬂélﬁ; B wibtdh %}g{%&nﬁ&%&& ity RAUANGY b 6OReE 1020
t hereof, and r%?hﬁﬁaFgﬁ ? gﬁ.(¥ﬁg nggﬁodggﬁqé g#ﬁ?fB, wherein the
non- met al | ogeng, . WAERPASHE Mwndrdin oletRERRENLE Y it LA 20Dy M
comprising at least one metallocene component and at least one non-metallocene
component.

4. The method of claim 1, wherein the slurry comprises up to 20 percent by weight
of the one or more liquid alkanes.

5. The method of claim 1, wherein the Slurry comprises between about 2 percent by
weight and 15 percent by weight of the one or more liquid alkanes.

6. The method of claim 1, wherein the slurry comprises up to 50 percent by weight
of the catalyst system.

7. The method of claim 1, wherein the slurry comprises at least 10 percent by weight
of the catalyst system.

8. The method of claim 1, wherein the slurry comprises from 5 percent by weight to
about 35 percent by weight of the catalyst system.

9. The method of claim 1, wherein the slurry comprises from 10 percent by weight
to about 30 percent by weight of the catalyst system.

10. The method of claim 1, wherein the metallocene, when present, is represented by
the formula:

Cp*Cp"MX,

wherein: M is a metal atom,;

Cp” and Cp® are each independently an unsubstituted or substituted cyclic ring
group;

X is a leaving group; and

n is zero or an integer from 1 to 4.



wherein Mis a netal; X is independently selected fromthe group consisting
of halogen ions, hydrides, Cl to Cl12 alkyls, C2 to Cl2 alkenyls, C6 to Cl2
aryls, C7 to C20 alkylaryls, Cl to Cl2 al koxys, C6 to Cl6 aryloxys, C7 to
C18 al kylaryl oxys, C, to Cl2 fluoroalkyls, C6 to Cl2 fluoroaryls, Cl to Cl2
het er oat om cont ai ni ng hydrocarbons, hal ogenated C6 to Cl16 aryl oxys, and
substituted derivatives thereof; Q @id y are groups that each conprise at
| east one Goup 14 to C?oup 16 aton1 a is a Iinking noiety that fornms a
chemi cal e ni egers from
1to 4. quﬁ‘ﬁq mEB5dofgm %{ ‘te’r% it ?anl 9 sﬁpﬁﬁgwé
e group consisti yclopenta ienyl, indenyl, combinations thereof, and
derivatives thereof.

12. The method of claim 10, wherein M is zirconium.

13. The method of claim 10, wherein X is selected from the group consisting of
amines, phosphones, ethers, carboxylates, dienes, hydrocarbyl radicals having
from 1 to 20 carbon atoms, hydrides, halogens, combinations thereof, and
derivatives thereof, and wherein n is 2.

14. The method of claim 1, wherein the non-metallocene, when present, is
represented by the formula:

aa Bbly gMXn

wherein M is a metal;

X is independently selected from the group consisting of halogen ions,
hydrides, C; to Cy, alkyls, C, to Cy, alkenyls, C¢ to Cy; aryls, C; to Cog
alkylaryls, C; to Cy, alkoxys, Cg to Cy¢ aryloxys, C; to Cyg alkylaryloxys, C; to
C12 fluoroalkyls, Cs to Ci; fluoroaryls, C; to Ci, heteroatom-containing
hydrocarbons, halogenated Cs to Cy6 aryloxys, and substituted derivatives
thereof;

B and vy are groups that each comprise at least one Group 14 to Group 16 atom;
a 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.

15. The method of claim 14, wherein M is zirconium.
16. A method for olefin polymerization, comprising:

first combining mineral oil with one or more liquid alkanes having three or
more carbon atoms to form a mixture;

followed by combining with the mixture a spray dried catalyst system
comprising one or more catalysts selected from the group consisting of
metallocenes, non-metallocenes, and a combination thereof to form a
slurry;and

transferring the slurry to a gas phase reactor; and thereby contacting the slurry
with one or more olefin monomers, optionally, having 2 to 30 carbon atoms.

17. The method of claim 16, wherein the viscosity of the slurry is reduced by at least
30 percent due to the addition of the one or more liquid alkanes.

18. The method of claim 16, wherein the catalyst system is a mixed catalyst system
comprising at least one metallocene component and at least one non-metallocene
component.
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19. The method of claim 16, wherein the slurry comprises up to 20 percent by weight
of the one or more liquid alkanes.

20. The method of claim 16, wherein the slurry comprises up to 50 percent by weight
of the catalyst system.

21. The method of claim 16, wherein the metallocene, when present, is represented by
the formula:

Cp*Cp®MX,

wherein: M is a metal atom;

Cp” and Cp® are each independently an unsubstituted or substituted cyclic
ring group;

X is a leaving group; and

n is zero or an integer from 1 to 4.

22. The method of claim 21, wherein Cp” and Cp® are each independently selected
from the group consisting of cyclopentadienyl, indenyl, combinations thereof, and
derivatives thereof, and wherein M is zirconium.

23. The method of claim 21, wherein X is selected from the group consisting of
amines, phosphones, ethers, carboxylates, dienes, hydrocarbyl radicals having
from 1 to 20 carbon atoms, hydrides, halogens, combinations thereof, and
derivatives thereof, and wherein n is 2.

24. The method of claim 16, wherein the non-metallocene, when present, is
represented by the formula: N

aaBngMXn
wherein M is a metal;

X is independently selected from the group consisting of halogen ions,
hydrides, C; to Cy; alkyls, C, to Ci; alkenyls, Cs to Cy; aryls, C7to Cyg
alkylaryls, C; to Cy; alkoxys, Cg to Cy6 aryloxys, C; to Cys alkylaryloxys, C;
to Cy» fluoroalkyls, Csto Cy; fluoroaryls, C; to Cy; heteroatom-containing
hydrocarbons, halogenated Cg to C;6 aryloxys, and substituted derivatives
thereof;

B and vy are groups that each comprise at least one Group 14 to Group 16 atom;
o is a linking moiety that forms a chemical bond to each of B and y; and

a, b, g, and n are each integers from 1 to 4.

25. The method of claim 24, wherein M is zirconium.



