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TO CONTROL POLYMER MOLECULAR VEI GHT AND HYDROGEN LEVELS I N A POLYMERI ZATI ON
REACTOR S5RBEERENZESTO RELATED APPLI CATI ON Thi s appCirasteonosiai ms t he
benefit of U S. Provisional Applicatign Serial No. 61/221,312, filed on
June 29, 2009, the disclosure of which is incorporated herein by reference

init tirety. 1 t i ti
ol at os general 1y & R ALYt s, o
9 EBRTRAA 0 Q,%&J Af@&»g&ﬁ;@%iw
E

met al | ocene cat al M?bmq IEQ}qusm i zation and
copol yneri zation of ole mZ‘, an po'iqg?ol e m@rp\ﬁlt ?;Bk

cer n catal yst systens
and pol yneri zati on processes, it can be difficult to produce a pol yol efin
havi g ei ther a hi gh nmRERERENCEEORELATER APPWMEAETION ndex 15 due to the

presence of drogen in the ner i.zatd rgact or system. In, su syst ens,
hydr ogen can résdﬁ%gw?'ﬁoél ﬁ’@f"é%ﬁ*’%})el\}\?g?g%flt Bansn ﬁoﬁlélrog?;\lsé‘pPﬁ‘@nﬂ‘éﬁe”iaﬁE\@X of the
pol yrmer qiv2adise2dfiled érh@unzoR9,n20097 alid disclogac tofrwhich is indogioeRed hereioby d be
benef i ci[\%#? t o pr.oduce. pol yol efins using a netall ocene-based cat al yst

system éeinge{g'ﬂtéeﬁ'érﬁﬁgi ve impact of hydrogen on the nol ecul ar wei ght of
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In accordance with one aspect of the  present invention, a catalyst
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20  polymer can be reduced or controlled. Accordingly, it is to this end that the present invention

is directed.

SUMMARY OF THE INVENTION

The present invention discloses polymerization processes which employ dual catalyst
25  systems for the production of polymers with higher molecular weights, with lower melt
indices, and/or with higher levels of unsaturation. The processes disclosed herein can reduce
and/or control the level or amount of hydrogen present during the polymerization process.
In accordance with one aspect of the present invention, a catalyst composition is
provided. This catalyst composition comprises catalyst component I, catalyst component II,
30 and an activator, wherein:
catalyst component I comprises a metallocene compound; and
catalyst component II comprises a hydrogen scavenging catalyst.
Generally, the molar ratio of catalyst component I to catalyst component II in the

catalyst composition can be in a range from about 40:1 to about 10,000:1, such as, for



I n accordance with anot her aspect of the present invention, an olefin
pol yneri zation process is provided. This process conprises contacting a
cat al yst worzgpogioe498n with an ol efin 5 nonomer and opti orarius2@n/o0ises i n
conononer under pol ynerization condithons to produce an ol efin polyner,
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nononer and conononer were et ene and 1 xene respectively, the
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WO 2011/@9&4@@&1&@2010/ 001843 3 In Ii ke manner, the scope of the
term "polynerization” includes homopol ynerization, copolymerization,

terpol yneri zation, etc. Therefore, a copolynerization process would involve
contacting one ol efi n nononer (e. Mgne) and one ol efin comononer
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and the like. As an example, an olefin copolymer, such as an ethylene copolymer, can be
30 derived from ethylene and a comonomer, such as 1-butene, 1-hexene, or 1-octene. If the
monomer and comonomer were ethylene and 1-hexene, respectively, the resulting polymer

would be categorized an as ethylene/1-hexene copolymer.



The terns "chem cally-treated solid oxide," "activator-support," "treated
solid oxide conpound,” and the like, are used herein to indicate a solid,

i nor gani cwoxbdeoefsr el ati vel y high 20 porosity, which canoTaskélbiodisiew s
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cont ai ning at east one cycl odi enyﬁ rrng and gorrpoa'nas cont ar ni ng

bor alabernzapable loff genvelging laundthldocenenm@ingdohent énte a icstaktsthaticar golyaredzerolt fins,
enconpass di nucl ear netal l.ocene conpounds, i.e., conpounds conprisjng two
et al | ocR SAIRITIE] BT RIEZACLR) SdmeATE somponraps Scnpnongt SR RIRERT or oup
resul ti ng deeicaatade lLighel (elp. &1 alkhk i 9ydrid&)Clol thé) nitfalldc&@] Whait @tk Mefalbdehe

resul ti n% from hégro Saﬁlat' on or derivatjzation. 30The ternms "catal yst
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depend upon the actual product or conposition resulting fromthe contact or
reaction of the initial conponents of the clainmed catalyst

conposition/ m xture/ system the nature of the active catalytic site, or the
fate of the co-catalyst, the netall ocene conpound and/or WO

2011/ 002498PCT/ US2010/ 001843 5 hydrogen scavengi ng catal yst, any olefin
nononmer used to prepare a precontacted m xture, or the activator (e.g.,
activator-support), after conbining these conmponents. Therefore, the terns
"catal yst conposition,” "catalyst mxture,” "catalyst system" and the

| i ke, enconpass the initial starting conponents of the conposition, as well
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The term "contact product” is used herein to describe conpositions wherein
the conponents are contacted together in any order, in any manner, and for
any | engtwoabittdiom®s For exanpl e, the conponents can be eomtusctionoisys

bl endi ng or m xing. Further, contactinag of 10 any conponent can occur in
the presence or absence of any other conponent of the conpositions

descri beglefdal €mis ek NisBY régafditss OdTathe "REAT asivatilg RRARARANT Rlus@iivee done
by any suitable nethod. Further, the term "contact product” includes
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Typi cal | he precontacted mxtu describes a m xture of netall,ocene
conpound%gaﬁg‘? Befu%ﬁﬁcc'i’r ua%&ss%é%ﬁ‘(i&f‘ ??3’% gf'ghr/[gt %{l%rﬁgrg(%?o {Zfbt?tg Cf’Wg?lungnéfs? olefin
mononer Kasrits iisukd Aehtihg toawettr 6 the Mumobriibiicl 5216 @ p Alubtbofganho Boidh@uMgsynd dief or e
this mxture is co ted with an activatar-s ort(s) and optional
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conponents in the second, postcontacted m xture. Accordingly, this
i nvent i oA} Gecasi onal |y di stingui sh between a conponent used to prepare

the precont actiRtemh XnedfaBoctnel” tah lsed REBIAN 8L rikHs taefonifdAndcsiphi@ind as1ehgen
prepared. Faor exanple, according to this description, it is possible for

the ﬁr econstde actcrepkndisnihiyae moistynydierein 130 worryelopikadignyd arieties énsludet h the
ronorer Sk aPRae fefitly Bl felhie RAER PARNSER B ARG 0 0 "

f or mul at saturatedor sibstituted derivatives driapaldgsdfi ang of tesra Ruabiblel snbstiteotspmthekeused to
prepare the. precontac mxture.. In.this case econt.act.ed

P ganoal HFALHRE SRS 1 St dhS s dePobt s ubREs s PR B E Shsb atent 1 s
descr i begtratsydeimenylsi tegaladradlugrenghl oetaliydrofluorepgy npartiAlBt  saaisateds eidlddngl, pr epar e
t he econtacted mi xture. Addi.ti onal | t he .precontacted m xture can
dosc i bePatiy At Tipsmy]. | sybsifuted &?E&i“%d afuratg dﬁ‘ﬁﬁ"yﬁyﬂ Yutrd é’é&%ﬁ@%gi ng
cat al yst {afyratad dusregyd) el tHeTiRel ML OMEOEHREx ) the metallocene is referred to simply as

the “catalyst,” in much the same way the term “co-catalyst” is used herein to refer to, for

example, an organoaluminum compound. Metallocene is also used herein to encompass
mono-cyclopentadienyl or half-sandwich compounds, as well as compounds containing at
25 least one cyclodienyl ring and compounds containing boratabenzene ligands. Further,
metallocene is also used herein to encompass dinuclear metallocene compounds, i.e.,
compounds comprising two metallocene moieties linked by a connecting group, such as an
alkenyl group resulting from an olefin metathesis reaction or a saturated version resulting

from hydrogenation or derivatization.
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30 The terms “catalyst composition,” “catalyst mixture,” “catalyst system,” and the like,
do not depend upon the actual product or composition resulting from the contact or reaction
of the initial components of the claimed catalyst composition/mixture/system, the nature of

the active catalytic site, or the fate of the co-catalyst, the metallocene compound and/or




5 prior to contacting this mxture with an activator-support(s). This
precontacted m xture al so can describe a m xture of netall ocene conpound(s)
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en, e activator.s ort.c ris a.chem cally-treated solid oxide.
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part'cultglrra%o‘ 0otI(r“md i scl osed ,herein, eneral or sPecific structure

s

preseht e Eseeqnd IBWBPHE%B ompopeRls that aresopfactsidPsa and

St er eoi s@EaHdS pérdvadl offB¥mér | TepidIMthe PRécohEstb@mxBlre fes&itRstd thiRALS ofUNl ess
stated otherwse. Simlarly, unless stated otherw se, the general or

speci fi cCMERHFERTFUNRIUEY, 2B BOWYSEIsE Seaepaiag s#alyEHERs OF Bof ak epdoflehs, and
ot her Ophbkoiter | (BP MINBMORS! BRI ot danSihaHin A NEnhgourd éf)la%@rﬁb&unfd@r Beforéghige!l | as
m xtures of stereoisomers, as would be recognized by a skilTed artisan.

Appl i canPEiue 3¢ Fasestedeyith ap achiypter-wpparRigans entionsleadditionalnerspnpalimineh.  These
i nclade, colibbuid, eriiRl predotabRd dbQribés (,ro?l'fsbgﬁerﬁéc thFD ﬁ{edqg Bt Bachbh@ gl Of

wei ght ratios, a range of nolar ratios, a range of tenperatures, and so
forth. \imen toppiticting the ehmponents inthe sécondn postcomtaded mixit@rea yccoprdiregly, this

Appl i ca bt I . (S . QF Lm i ndi vi I each ssi hl e
nunber '?i hgq[nugﬂcﬁ% é%ﬁ%%lagguﬁgﬁﬁéé%or?g I %/ﬁneénccg)m é’géﬁ F%eg I S%i 8 aéezdt%f)oi nts
of the rmepetaated wektureamndahat compeneangfies tandixooerbasizeen preparetl. Fobexampiss
enconpassed .t herei.n, For,.ex |l e,. n.the |icants disclose or claima
cheni cal a0§%l‘ldlé1§$0 &é@?eﬁﬁnglogeﬁgP%SBWY\fﬁ]nﬁéFhe@fecé\gtg%% OB RB SOTERRYYE: i nt ent
i s t30 diaet ddecotaceddavith tha dietdlldualel compugidyanpes stietydraperbeivending catdlgd a

range 15 .cpul d.enconpas consistent. with the disclosure herein. For
exanpl e, 2fHge glein I"I:?§g$‘ £ ?‘IIB‘EVCJC%‘?dgtPfO?‘% ablegst opg, dé%@ﬁ’iﬁfi‘?“&‘ﬁ%r"ﬁwpob‘?doup, or
in alterfahilxon, angaatiae v 0@ disthgt drghibahnifah RempaidBsed 36 puspast ther ei n,
refers to a noiety, that can pe sel ected i ndependently from a hydrocar byl
group haRFfGogtagted omixgure,; Iw this case, ghe grecqpfacted) orgapoalyminupy compoundsor17. or
18 carbon atons, as well as any range between these two nunbers (for
exanple, a Cl to C6 hydrocarbyl 20 group), and al so including any

conbi nati on of ranges between these two nunbers (for exanple, a C to C4

and Cl10 to Cl12 hydrocarbyl group). Simlarly, another representative
exanple follows for the nolar ratio of catal yst conponent Ito catal yst
conponent Il in a catalyst conposition provided in one aspect of this
invention. By a disclosure that the nolar ratio of catalyst conponent | to
catal yst conmponent 25 Il is in a range fromabout 50:1 to about 500: 1,

Applicants intend to recite that the nolar ratio can be about 50:1, about

~rN oA I T -~ oA I T NP oA I ~NrN oA I A NN oA o o, A PN oA o o,



Applicants reserve the right to proviso out or exclude any individual
menbers of any such group, including any sub-ranges or conbi nations of
sub- rangesowntiioss98he group, that 5 can be clai ned accokrdirng2eio/oaisaange or
in any simlar manner, if for any reagon Applicants choose to claimless
than the full measure of the disclosure, for exanple, to account for a

ref er enc@nipiAdnt AP RiedFBEA Ss "BpRSing AV G noafunfhurh MSnpbif @fat WS dskd 199 of
the application. Further, Applicants réserve the right to proviso out or
excl ude RIPRATS theiprecentagtedsmixdtret uent s, anal ogs, conpounds, |igands,
structures, e er 3] 1 u if for
any reason A%Eﬁd?cg:ogﬁlltp}z %‘Eo]grggéﬁwg?{(:il g?%/%u{ggg% tdﬁszfﬁt% ﬁaeﬁ#,ghﬂq@d%agﬁgg&g ét he

di scl oswoapopnsi(s)earning| hydragen sscavenging foatalyat(s)edndr engemoalimasinurAp@inmand(s), may be

unaway e 11 he filing of th pli.cation. ... The terns
R, o flor ) pdrity s bl Sttt Ripvator QB R i EsR it il e
at | eastcaonescribe b esstuct dfonetalbazespemfound(s) dndfor ihgdlogerc savérpingdiattysgsyr e of
"an acti alor-su ?r(zr)t an 1215c an _orﬂarrtlé)aléjgéz nutE}] conmpound, " or dg tal | ocene
conpound™ s MEESHFR)y 08 YIS SUPRArt(S),  befors  this MIRIPre. 15, foagted, §athy fn oy o

t han onegrgaotlumirtuar ecseqtgigst compoudid o0 adrhipoundsn conpound, or netal | ocene
conpound, respectiv i . Wii | e conpositions and nmethods are descri bed
in terms of %grﬁﬁ‘ﬂh 3"%&“%&?‘1%?8@“98%5&8%3‘50‘?“ hepan 19 HlesEBpfr8sePrdns and
met hipds mixfurélos @atalyeNSingione®ts @Rt a3 lcynt@fted Br 226ecof®Peiisd oPfimel AR @& | OUS
conponents or st .. For exanple, a catalyst conposition of the present

i nvent i diRREHYEOL Bﬁﬁfﬁcé ds thy|"precontaqieds) oF firgtapixpush el catalyst sempengnisythasfwese

al t er natdorbiid 6 et petisd oPftime | Ty Sl Wt e PPORDRtacted” GliktirC RLRLY ST
conmponent I 1, (iii) an activator-support, and EI v) an organoal um num

c onpoundheress e fiageripe thssmixteToioNcEHoceRE cpmpewgr(nend/or hydmigen seaverging

i nvent i Qieal I TG G | | RatAlY itigns,: . r
pr epar | gl (A I ABREH, Faiaf Rl XorbQIRAD, ol Tl ARGl
conpdsi tfemwes fram geontyatins itheepre¢antacted mixhiee pfod portion pEthesescoppodetewitisnyig such
cat al yStadﬁﬁ’im?‘ﬂ%o Ofkhts ?(ﬂigd % Haﬁl& %? tRd ?&‘Ec%g&c%éé 'n%?n#ge%%gg,oéhg% vargo! NS- In
one aspect, the present i1 nvention relates to a catalyst conposi tion,

sai d catsapyest compmgessd theoricallyrtpratedisnlid ositlal Fert instamgepthe tlditional abalpymsdnt

conpone Lvator .(e.gd., an activator-support. an optionally,
an or gann%g‘%dufr?i rﬁ%%“?&%%é%ﬁﬁ%’f%&ﬂé’%&ﬁ? ca@aq’tea?l {;‘S?ncég?‘r‘ﬁr(?ﬁtg‘ﬂfo”d %’8&%?‘1“585 a

met al | oosore thzo wpe)iadt, oﬁinrhdlyﬁﬁnZﬁdlﬁdd)ﬁZ#%BﬂiﬁUﬁﬂDf&dMﬁ& 4Bich i€tk JAs L

co nent I .. rises rogen. scavengi nqg catal yst. | n anot her

as gg%t , ainorofhg%%ﬁ{ 5‘6’!"9?@? ng[?f‘?%?fnﬁ‘%‘c 8%“%199‘?8 dFBé/itﬂéHe%’i%l,th‘? RrecAptacted nact |
the proagixsir; asgescabal kedéihaQlccHidinglys Bigny&itionGRIIOALD b&Bsivhdlly Edtinghis | N
nononmer .and optionally an ol efi n _conononer under pol%merl zation conditions
to prod L}’(?E”eéﬁa&?’é‘??'}?“fv)'bﬁegl froprepaf dhediopteentacted mixfuse gad thatsiempenent afierdbpr i ses
cat al yStmigQReRHIBBEn prepaedt al yst conponent 1, and an activator (e.g., an

activator-support and, optionally, an organoal um num conpound), wherein:
catal yst conpétheygh anyaenthads cdeyicss, gad mpterels pimiten pprsuivglentiodhesstdasoyibed

CONMPBNEHereld cahHERELASIA Thprafle QPR ' d ot her
aspects, {eh_ecarml ar rat i?rof cat a%igﬁg%gﬁ%ﬁﬁ’%%ﬁgg?%é%f &%g%ggﬁde]nt I
in the deateriajssare bapipgdesaribeh can be in a range fromabout 40:1 to about

10, 000: 1, or fyr.0m: : L f rom aboult 0:1 to about
500: 1. Addit ﬁé‘r@ﬂ‘?fa@gﬁ? ao"?get“{sg‘ééa‘nggﬁéednlfepﬁq'??é éré’(r%"ﬁ"é‘f‘{r%“%‘n lr‘%;Y/ &‘%fgrﬁ‘é%e fof
scavengitheypurpasalo describiag ahdidisclasihg, doogr@mplegthe \cahstamctsiand mettmkdolpgeatiat t han

about 5, 00 s. of _hydr.ogen (H2), per | e of. 15 hydrogep scavengi ng

cat al ystaerg?sgﬁﬂ())eE&r M {h.eeﬁ.{' ,g{"f%gn%y“zl?%lbgrﬁglgcr}%v‘éﬁqéilﬂdzog%%ég??/&lﬁ'ciﬁ 9185‘?8%

gr ed0er desvaibechinverition, 0@ publiesiond disgudsed grioughontriheiextped prowided 3bleRnfopr OCESS
per hour, .for each nole i

f .t.he .hydr.ogen scavengi ng catal yst present).
CATALYST? fererior g6 A, Al JaiF QCaTioBererT Bp GFOdh CNpUECPEO i e on
conpri sesnstatdhy si adBid¥ON @iat the, inventors are not entitled to antedate such disclosure by

virtue of prior invention.




whi ch can conprise one or nore netall ocene conpounds. Generally, there is
no limtation on the selection of the netall ocene conpound, or conpounds,

t hat can Wwe 20u@2498 conponent | of the catal yst conposi PCOMS2@06001843

pol yneri zati on processes disclosed herein. Oten, in a netall ocene conpound
of catalyst conponent |, the transition nmetal is Ti, Zr, or H (or can be
25 nore than @penyf i@ Rnfpouhd dicsRUALER! aif lihiraC 6P Sp&Hid otitdhrt S

enpl oyed) . ?’n sonme aspects, catal yst conponent | cah conprise a

bri dged preseatedl alse secamnapsgs Al corformpagional rispmess, (e@)joisonRey and gligrepispmers thao

2011/ 00 8 1 513%14 y r ' .

i ndepenczi‘é%? F&y#(ﬁéod Ig’Jé{r? S%ana)tp ﬁ%“h‘%‘éﬁzﬁ?“ E%éegy?t?erﬁ?g%B?@%Al?ﬁ%B “or S8 R,
wher ei n f&teds atherwisky theo gengral| onyispesifich atriateye uglsd @nd@npaases oall anamymens, a
hydr ocar byl oxi de_qr m.n . or _a hydrocarbyl.silyl

gr oups,C a%%smcg?o %.“%ﬁﬁ%ﬁa‘%‘%‘qﬁ°§ﬁ%%§ car g%a%{lglﬁgr?rcs?” n}%goém B?ralsd%“ll”r?é gr oup
sel ect edmfxtoes ofatetgoidomerspas wWeatld be cegogrizedibyiadilled agsaip havi ng up to 18

carbon atons,, a,bri dgi rou avi the.fqrmul a >E3AR7A , _wherein E3A
o 0 s b’ SRR PR A tatetS it Rl TS R aP o AP b
havi ng utut tafe ribd lifhited td) @ Rare @FBumBerfiath@risNg raape vPwhight aos, B @arfge lofMilotar - CR7
ERss_cR7cRsc_, wherein R78 : . : , Rs
R7c, ~andfER% 34mee;of depreraiwrit apd e Sty Whan Swrligpis diselasp onslimhg #reet 10
car bpn aignpe, Applicaits® dereitdis 36 Aikolob@vi BIgint tividwaMy cash PORILE Aurfifdy,thak SRS D,
R7E, and RskE are independently H or a hydrocarbyl group having up to 10
carbon atughe;ranes coHld regsonably eRceEpassy tistuding snd pointhplythe canasyas WRllAsFMavi ng

up to 18 bahiRes aAd @Mbindhs of sub-ranges encompassed therein. For example, when the

Applicants disclose or claim a chemical moiety having a certain number of carbon atoms,

E1

Applicants’ intent is to disclose or claim individually every possible number that such a range

15  could encompass, consistent with the disclosure herein. For example, the disclosure that a
moiety is a C; to Cig hydrocarbyl group, or in alternative language having from 1 to 18
carbon atoms, as used herein, refers to a moiety that can be selected independently from a
hydrocarbyl group having 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 carbon
atoms, as well as any range between these two numbers (for example, a C; to Cg hydrocarbyl

20 group), and also including any combination of ranges between these two numbers (for
example, a C; to C4 and Cyg to Cy; hydrocarbyl group).

Similarly, another representative example follows for the molar ratio of catalyst
component I to catalyst component II in a catalyst composition provided in one aspect of this
invention. By a disclosure that the molar ratio of catalyst component I to catalyst component

25 Ilisin a range from about 50:1 to about 500:1, Applicants intend to recite that the molar ratio
can be about 50:1, about 60:1, about 70:1, about 80:1, about 90:1, about 100:1, about 120:1,
about 140:1, about 160:1, about 180:1, about 200:1, about 220:1, about 240:1, about 260:1,

-about 280:1, about 300:1, about 320:1, about 340:1, about 360:1, about 380:1, about 400:1,
about 420:1, about 440:1, about 460:1, about 480:1, or about 500:1. Additionally, the molar

30 ratio can be within any range from about 50:1 to about 500:1 (for example, the molar ratio is
in a range from about 50:1 to about 200:1), and this also includes any combination of ranges

between about 50:1 and about 500:1 (for example, the molar ratio is in a range from about



Cp | is a cyclopentadi enyl or indenyl group, any substituent on Co 1 is H
or a 20 hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atons.
Unl ess otwerwiig®2epeci fied, fornmula (C) above, any ot hePCTtUSaciwo i3
formul as di scl osed herein, and any nefgal | ocene speci es disclosed herein are
not designed to show stereochem stry or isomeric positioning of the

di f f erendo. iy a%atel%o(lemgmm éﬂaﬁ§?50f p{o%ba&s@n? ﬂQwasE‘taﬂQﬁlﬁéil r&ngegiam&s@ar cis or
trans isomers, or di ast er eol soners al t hough such conmpounds are
cont enpl heresel shouki @m@mﬁs@m rbgmlehes?elalffe S¢ Bep xamplss. st ruct ur es.

Pyl ocar byl | gk R i YARERSRb Ao Bl SFAGRIRI i el

i ncl udes, I'S not cyc

cycl oal k&unly grougymbl@dingady enl-ranged klyﬂyﬂlbmaalpas ki $ub-rangek kathph theagrawk yimyl , and
the 14 nd .0 substitute u u | i near

br anc edd e re |c\1/aé ?‘i/ gcscgfdn@ 1eo Tan re}snsang't Sn&{ et lg%ng%e{:%f aré’é R 1S ﬂ@ gétgar byl

gr oups odhobdei & cBimi lassethan dre full pncaalhrh yof ¢lenghisdlesdre,) fort examipti,ito A&oo@rfooa at ons.

| st Ance STt Bl AR RRT ay e haAte o 8 L HBr b Aire i AP0 RBN bon

at ons. AFdnhdf QgiplibantOreselee EeOtight tb PeFvEdoasue or bﬁclutreedmyqemi@tduﬁlaédbynthms ncI ude

bot h al koxj de and ar oups, and th e u S can co e u
about 18" 2@?5PB%%48§?%?/8E§5&%WGbﬂﬁﬂgs YHgmRers o g |ve and
non-{g mM groif) i®XSIMRhE Feddbn A PpAXindke cRdtle ab i Ié@h ﬂfaﬂltﬁ§ £l - rﬁeasure of the
hydr ocar byl oxi de groups) include nethoxy, ethoxy, propoxy, butoxy, phenoxy,

subst i tu@leaosr}f?eﬁswamelﬁdwtaﬁ@um faz 2 wﬁaenfeﬂlm Apriicarts msy | bernavag o6 dpthes used

generlcaﬁ&gof@eﬁgﬁggfﬁggﬁﬁﬁhkmely to al kyl am no, aryl am no, dial kyl am no,
and di arylam no groups, and the like. 5 Unless otherw se specified, the

hydr ocar byl arkhedemrsoifss a9 {the.3 ciomasn intened donsiclusie niwak elteamasives, B cr bon

at ons. "bé?i%ﬁ@rumé%)ssi)dﬁ/ﬂw&r@lé&ﬁed nﬁ&“ﬁﬂ ncBUhe ﬂfs@loﬁﬁ'{: F 511 £c%QatBPsu'pgb%y' silyl
groups, enyl si groups, arylsil groups, arylal kyl s ups, and
the I3 ke“anm@halhmmnqummua@oot @_@e'@HoMQcmmd Fsoneaek@ramlcempaSB pustrative
hydrocar byl o1 I yl . | yl
These hy réﬁgéﬁ%lgilgﬂ%uﬁﬁgm%ggrgg€5ﬁ¥%g%&g éaT%&k gaqéér§@¥ y L%?oups
can havecampound, b2 metilbcene adropmind slespectinady. v el y, up to 10 car bon atons; or

al ternatively, to 8.carbo [ t he. resent

Movent on. - WhitP epckifis 8RB0 art el 4 RS T, SorbRaB LRI

groups desigonésl ohefeps Ntharcemipositdrdeshdt cihods cuihealed I“caisrsuetsaﬁtainw sorer s,

i negr of br.anc of a given noi et for exa enant.ji.omers and al |
di as%er G ‘Hh the; Y?6H°H%IB%“W‘FH§SrPftSF%§ der F’Fﬁ“ﬁﬂqg Aéy%r?%‘i’a%?‘b"{%

unl ess %@%wnsauﬁ,aesﬁ térfprise! Elférﬁdi‘l"vgl‘ypédii&bhsﬁt%ssléﬁﬁélty éf9ot ﬂehu;deelga q@hopy|
and i so-prop while the termbutyl Is neant to i ncl ude n- buty

i so- but y?onsxse/ ofui (i Fatalyss compenant Iéﬁhc%ﬁ‘ Gpmponeptil, ("h)s‘tna*}?&@atohﬂwpﬂt i ng
exanpl es lgfanq,q:%a)gl)alhﬁgﬁg{&nﬂ@ghdjde 2-et hyl hexyl and neooctyl. Suitable
exanpl es of alkyl groups which can be enployed in the present invention

i nclude, but are not limted to, nmethyl, ethyl, propyl, butyl, pentyl,

hexy? heptyl, octyl, pﬁg D‘f%@deP?ﬁ)I@@‘i’f f}@MﬁTI(ﬂll ustrative exarrpl es
of a ienyl gr oups mﬁt In the scope of the present invention include, but
are not |im tBg pmenenmempn ispdingstady genetally emdatalyptenolemtlonh,emthyﬂs for

hept enyl . _octen e { | can be
- Fer m nBiePa sty CRBTR ion Tt ind 2 callit ool ol D por R

speci fi colafikse rhplpogmmn pemhsbdltceteuslsg smh catalylsu,mbmmhmmsaami amtled; pmdu@d to,

3- but t 5-.h I t
25 bﬂt :Eglﬂl &tlﬁgc? ng 58?‘\? ex&r]ly rlf zisp mih hé‘fé%*z bﬁ\%aﬁﬁ rélates %3 a ¥atalyst

1,1-80 rTE&dix)p'bsﬂmﬁ,Esﬁided’a)dlyst %}ﬁpdshbd dok'@nsmg catalysdtitoinpbsent [,satabsticd@npoaent! i s
meant to_include ary K%¥ ou gnd the e include, but are not
linmited Ho,anfnhyAct a&‘?‘kg?gs AR TAII Y Bﬂ‘fghﬁ‘ QBB %I an PIEINdAlY BN 1t ed
napht hyl eoriibany) wheremt i t ut ed aIkyI naphthyl substituted al kyl, and the

| i ke. Hence, non-limting exanples of such "aryl" npjeties that can be used
in the preserfatalysyeqmnosantlcempriess agnetaliogsne comppynd; akbnzy| | di net hyl phenyl
tri met hyl phenyl, phenyl ethyl, phenyl propyl, phenylbutyl,
2-propy|-pheny|ethy|, and the | i ke. Unl ess otherw se specified, any
substituted aryl noiety used herein is nmeant to include all regioi soners;
for exanple, the termtolyl is nmeant to include any possible substituent
position, that is, ortho, nmeta, or para. WD 2011/002498PCT/ US2010/ 001843
12 In formula (C), M3 is Zr or Hf. X4 and X5 i ndependently can be F;
Cl; Br; I|I; methyl; benzyl; phenyl; H 13114; OBR2 or SOBR, wherein Ris an
al kyl or aryl group; or a hydrocarbyl oxi de group, a hydrocarbyl am no group,
or a hydrocarbylsilyl group. The hydrocarbyl oxi de group, the

o - oy



10 both X4 and X5 can be phenyl; or alternatively, both X4 and X5 can be
nmet hyl . In formula (C), E3 is a bridging group. In accordance with an
aspect ofwOhlos/dopssent i on, E3 can be a cyclic or heterocycrius2iodgehg gr oup
having up to 18 carbon atons, or altegnatively, up to 12 carbon atons.
Cyclic groups include cycloal kyl and cycl oal kenyl noieties and such

moi et es Can diifkdpoRih Iofphiat Alt]yawg@ﬁséaoengmgcdagwtyl cycl opentenyl ,
15 cycl ohexyl Iohexeny , ds ke. For 71 nstance, E3 can be a

cycl opentyl dn awéqr@mwn mﬁewlmzmamsgamvﬂedtae@ ig {his aspeirtbeps can
be for r i

het erog§q <:,/¥8§ %@$EQ%§%CHR%¥g%lysp&)@%l{]% cgrﬁggﬁiang?%onnz&? ahﬁe [Ekglt%e?'l ocyclic
groups caplifn @meaniver wder polymerlivatienl cor@itionsiivenrediice @n otsfib @obher,ovheTein

menbey e [ [ 0 rgdan th
anot hor 8 s Lo AORRES: Stlal SnigBiR p Blave bRRE BOBERA O
>E3AR7AF%&Ayawm¢e 21 nmanE3étivasorSupporSiand.aogtidialy,anol ﬁ&ﬂmmhmmmdemnpimnd) y H or
a hydroc group having up to 18 carbon atons or, alternatively, up to
12 car bo‘ﬁ %IBms. For instance, R7A and R8A independently can be H or an

al kyl, al kenwataIyet@mpoaerttewiilpﬁdesalrrleerﬂysbe)mccahp@rnyli argr oup havi ng up to 12
carbon at ons. Iustratlv non-Jimting exanples of 25 suitable "aryl™

moi eties for °Pﬁ‘ S%ﬁ‘?(‘}}'p&]e‘}-‘% COMPEISE fh Y&H%WF“V g catalysh o | di et hyl phenyl
tri meg hyl phem| these ey beh épecid @Ry bla@ itio omeﬁwsbubmbonem 1 to catalyst
propyl-2-phenylethyl, -and the |ike, In one aspect, R7A and RSA are

i ndependERogent; II H%tth? catalypt, Gpmpasition, qan b in p range, fiom abouk A0:T oo abant

octyl, nto1, dRCibm SSREMO! tcprag&anydoo DUdredh, atantiedd! w BeeRM00:1.

heptenyl octenyl nonenyl, decenyl, phenyl tolyl, or benzyl. In another
aspect , Axdditienstly-reamlyst eommegta%ecommse hygrogenrsdangngingeai@lyst, ondBye a but yl
pentyl, gjq '?%Hn | Eb?rtha% ‘3&45 06 mbeg 3t hPRE& (EHY PerdiGe BBA 1S

phenyl . lWr(&tgﬁ (g’r?ot er as ect east onrél o? R79 %‘% ;ﬁfs eterm nal

al kehy/| yideagen Iseaviengjng) patelystapes é‘lloblo(‘l eatthmbydrogAl 2avensing 240BRCTIUSEOYS/ 001843

13 In ac rtdagi ng
group ha@?%gratﬂﬁ; ng ?ﬁoﬁg%%%@%%l}%{%ﬁ mespvw egil}%ﬁ(&gﬂrggéﬁé)g ﬁ%@ fogand R8c
are |ndeq:aekndmtetdfyhd—h)droganbgadc@ngcta;dlysgpmsqnt)haw ng up to 10 carbon atons or,
alternatively, up to 6 carbon atons. For instance, R713, R88, R7c, and R8c

i ndependently can be H or an al kyl or an al kenyl group 5 having up to 6
car bon a&EMIi’ALYSII‘tCEDMBON\ENTyI R713, R8B, Rr7c, and R8c independently can be

H, R7c meth et but al | , _butenyl, ent en

it et vel yh Shistyst peltpioRaty T e BT SPR Somiscr e e R ek hy 1
al t er nat which yan HhprisE3Ee oRfiore MBANGRGe 6afipdaadd; Gererally, tHiBfCisdot1B8hiRAbAhVE! Y,
R7B, Rasand R8c can _bhe nethyl. In accordance with another aspect of this

i nvent i offt theselpction osmed@qmb)cw&pﬁa% REcqmRounds, that pan ke used in component
_SiR7 mgpoﬁh@'c%ﬁy@gom oMiRnE hid BZl?meﬁ@onn Rfdeessed disEiBfedheinNdsmENGeRt |y H

or a hydrocar byl group havi ng u carbon atons or, alter natlvely, up
to 6 carwbetallesermeompay p%nawsycomwna@tde@@ gangitionnefal;in ¥ i 5 Alf (RN bRan,

R7E, 9“%8%%1&%@,%95&% e/ iSRGk infallocene compound is employed).

In some aspects, catalyst component I can comprise a bridged metallocene compound

No-o¥

having formula (C):

; wherein:



, , R7TE an al kyl or an al kenyl group having up to 6 carbon atons;
alternatively, R7D, R8Dand R8E i ndependently can be H, nethyl, ethyl,
propyl, baOyebivmbk49gl , butenyl, or pentenyl; 15alternati peryus2R80018RBD, R7E,
and R8E i ndependently can be H nethyjg or ethyl; alternatively, R’D, Rm
R7E, 7D, R8D, R7E, and R8BE and R8E can be H or alternatively, Rcan be

met hyl . MR zagagRl on the fluorenyl group in formula (C) are

i ndependently H or a ’ydrocar b}/l group havi n? up to 18 carbon atons or,

al ternati vel X' andv{rage independemlycBir@o Brdi methyl; Aersi:dphenyly H; Bilan QBRRjor

i ndepen |y, b y r Vi N@e U 8 carbon

at ons, gﬁgﬁi{ avgﬁeq?grﬁegar%l%@a?i%@gg’éhlﬁ)ga@#@t E@I tl,o g% hy l?&pr%g)gilsf ,&b{ljtyl ,
pentyl , Iydrdeatbyloxidargiouhe hydkecarbylaminpezraumpp ec tas hydagcasndsiRl gaoup, any of

i ndependeptl y. net hyl , | ropyl, n-butyl, t-butyl, or hexyl, while in
ot herpseas‘ﬁ%?:]%g‘fv"ﬁgl’p\e;tﬁdsg%r%é?%tol%r%dependentIy H or t-butyl. For exanple, both
RO and Rl carE’hea blidping gbtesehatadvieiny, both RO and Rl can be t-butyl. In

formula (C, Cpl is a. cyeclopentadienyl or indenyl e lis a 25
cycl opent adi enyl @F%‘ﬂ‘ﬁ.°¥§\ﬁ\7l%§& ‘53’["?5%%@10835131)‘%%%hoci)gtecaﬁo&%oémhydr ocar byl or
hydrocar byl silyl gmbeidginggstuphavipg e fofnaasBOR R Y pwheroin B ieCroatsi,waly, any
substituent can be H o h ocarhyl qr hydrocarbyl silyl group having u
to 12 carbon atoms. Po 71??)‘} %ﬁ%tfﬁ%@ﬁ%‘%ﬂomﬁ-‘/ﬁé d ﬂzgm}% 3 ,ngt“ﬁé?e?org
t hi sjg nventi on conpri sesc4B6d atamby saturated |igands such as
tetrahydroi ndenyl, partially saturated indenyl,, and the.ike. 30ln,pne
aspect, Cpl has n@ baidaing;sern havingsthe dormul h8r ‘t‘ﬁgnpt Fros &'heHHE > n
formula (C), e.g., no REHFFLIANES aRtiRGpetdeaily HNG Phydisiang] GrRpmakdg | N
anot her aspect, Cp | can have one or two substituent’s, and each substituent
i ndependently is H or #ptal&ksabonatanaspr  allcylsilyl, or al kenylsilyl group
having up to 8 cayhp Bfyir! the FAlaV ESIRPRIP_L SiRB*IFRL DQheriDR ™
2011/ 002498PCT/ us%t%lg?%g%ﬁ? T4"% ons. Yeat,IS?/ph et aspect . Cpl c¢an have
a sibhgle H nethyl ethR™, Rir.omdIR™ prstipdepemtsnty H, ortrelydrocarhyp gydup heving| |
et henyl , propenyl, but e . hexenyl, heptenyl, or octenyl
substituent. In accordgﬁgéel%\n lEotnoaﬁ%rh%tspect of this invention, X4 and X5
i ndependent | YR’caad Ri®aré indspadidentBrH ot a hjxiroytiy] group hgving op tavkk daybon adnd;e RO
and R independently can be Hor t-butyl, and Cpl either has no additional
substituents or Cpl can have a single substituent selected fromH or an
al kyl, al keny@p' il Kyyslopentadieny] af Kedeyiyls gtoyp, amyosybstiarhngn uPp't s B eaabon
ato I n these, and .ot her pects, E3 can_be cycl opentyl or cycl ohexyl;
o £ ofhar Pt oS Toaen Y s N ey g 0| NPT | or ml o SE3ARTARBA
wher ei n E3A i19nléssO0bth&tiwiscaBpechiied, ABAMBBACH 8bol6, ahypdapans@ithiryl brmwgishyl ,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, noné/l , .decyl, ethenyl,
pr openy| disgiesed derein, r?é‘ﬁta@ﬁyp?talllfé’f’éfn%e,cleﬁélbsﬁ@?ﬁﬂl },lerﬁ‘é‘taé?li‘lo_, d?ﬁ%@ﬂﬁ,*ﬂ%cenyl ,
phenyl, §t&leé(éhem%ﬁ§la? ReMleric ?Ml@&d?ﬁ’é biMRE NiffeFeRt ﬁ)@ﬁﬁ@@%?g.,t{ﬁésggbrﬁﬁllélra%lﬁothav' ng
the fornula -CR713 R8B_ CR/cR8c_, wherein R713, R8B, R7c, and R8c are
i ndependiafentisd tp slispiayt piy| or Bansglisomersator R qF, S Easterpoiprness)praltienghgsushoup
havi t - S ' : ' R7E, and RBE
e hachEh B Pt ROl o AR Rl dog Pt T7E
ansa- net al | odéyizomdiyp sursebhereinitogpetidy arbydroqa@ontradical granpdhittindhides.fbot isuse i n
gﬁte ﬁ'y?’_st af MERRASE ;:;P'Il Ak 'ct‘ir_glgalkgt’ %1é<§x§yfibc3,{91§9fu§(ér{91}c§'8'|oﬁlﬂadiEJﬁ A8l LG (P =

’ aralkenyl, aralkyr;yl, and the like, and includes all substituted, unsubstituted, linear, and/or

branched derivatives thereof. Unless otherwise specified, the hydrocarbyl groups of this
30 invention typically comprise up to about 18 carbon atoms. In another aspect, hydrocarbyl
groups can have up to 12 carbon atoms, for instance, up to 10 carbon atoms, up to 8 carbon
atoms, or up to 6 carbon atoms. A hydrocarbyloxide group, therefore, is used generically to

include both alkoxide and aryloxide groups, and these groups can comprise up to about 18
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carbon atoms. Illustrative and non-limiting examples of alkoxide and aryloxide groups (i.e.,
hydrocarbyloxide groups) include methoxy, ethoxy, propoxy, butoxy, phenoxy, substituted
phenoxy, and the like. The term hydrocarbylamino group is used generically to refer
collectively to alkylamino, arylamino, dialkylamino, and diarylamino groups, and the like.
Unless otherwise specified, the hydrocarbylamino groups of this invention comprise up to
about 18 carbon atoms. Hydrocarbylsilyl groups include, but are not limited to, alkylsilyl
groups, alkenylsilyl groups, arylsilyl groups, arylalkylsilyl groups, and the like, which have
up to about 18 carbon atoms. For example, illustrative hydrocarbylsilyl groups can include
trimethylsilyl and phenyloctylsilyl. = These hydrocarbyloxide, hydrocarbylamino, and
hydrocarbylsilyl groups can have up to 12 carbon atoms; alternatively, up to 10 carbon
atoms; or alternatively, up to 8 carbon atoms, in other aspects of the present invention.

Unless otherwise specified, alkyl groups and alkenyl groups described herein are
intended to include all structural isomers, linear or branched, of a given moiety; for example,
all enantiomers and all diastereomers are included within this definition. As an example,
unless otherwise specified, the term propyl is meant to include n-propyl and iso-propyl, while
the term butyl is meant to include n-butyl, iso-butyl, t-butyl, sec-butyl, and so forth. For
instance, non-limiting examples of octyl isomers include 2-ethyl hexyl and neooctyl.
Suitable examples of alkyl groups which can be employed in the present invention include,
but are not limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
and the like. Illustrative examples of alkenyl groups within the scope of the present invention
include, but are not limited to, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl, and the like. The alkenyl group can be a terminal alkenyl group,
but this is not a requirement. For instance, specific alkenyl group substituents can include,
but are not limited to, 3-butenyl, 4-pentenyl, 5-hexenyl, 6-heptenyl, 7-octenyl, 3-methyl-3-
butenyl, 4-methyl-3-pentenyl, 1,1-dimethyl-3-butenyl, 1,1-dimethyl-4-pentenyl, and the like.

In this disclosure, aryl is meant to include aryl and arylalkyl groups, and these
include, but are not limited to, phenyl, alkyl-substituted phenyl, naphthyl, alkyl-substituted
naphthyl, phenyl-substituted alkyl, naphthyl-substituted alkyl, and the like. Hence, non-
limiting examples of such “aryl” moieties that can be used in the present invention include
phenyl, tolyl, benzyl, dimethylphenyl, trimethylphenyl, phenylethyl, phenylpropyl,
phenylbutyl, 2-propyl-phenylethyl, and the like. Unless otherwise specified, any substituted
aryl moiety used herein is meant to include all regioisomers; for example, the term tolyl is

meant to include any possible substituent position, that is, ortho, meta, or para.



5 and the like, or any conbination thereof. I n ot her aspects,

cat al yst conponent | can conprise a bridged netall ocene conpound havi ng
formul a (WP:20117000d98rein: M is Zr or Hf; 10X6 and X7 alPeTiusdeponent |y F;
Cl; Br; I|I; methyl; benzyl; phenyl; H 12BH4; OBR2 or S8R, wherein Ris an
al kyl or aryl group having up to 18 carbon atons; or a WO

2011/ 002498PGT Fad}@h 001 842 Rayeaag ¢ ydeperideipnydéALR. F; TIBETasaRRY! ani no

group, or a _hydrocarbylsilyl group, any of which having up to 18 carbon
atorms; Eoengd Bhewyl dldi Rley 9B IS sRedVIrrIMR a8 @pcalkd ofr afybteEowe vl 3 ¢

bri dgi nghydfesByIdRYLE ) 4 ydfdcHBy1RAMoA ,orrd IRak iyl %kl!ﬂ hayheg the
fornmul a >yE4ARI %Am3;§0&va1)erelyn %4%i S 8 %@Hﬁéi? anlgr Rlz,ggahgf 35\ are

i ndependwdrocgrbHogide gravpdthe dudtoparbydemine gienp: iy hydpcedysdylapinemdR sam, a
or 1,99 NGO YR PRI o OBk e AP PR, 0 3B, RI2C and Rix are

a
I ndependent H having up to 10 car atons, or a bridging group having
the formul a XSiard XDidRpridenly RNtE F, ShdBriRl Benzyt ehemdiepenadlent For ¢xatale, ng up

}13 d}gcgf‘%“;al% )?Efc?%é?)g%c%l@{ %;b.l, t3h2y1, SHeRyl, 81'HetR1in 30 2dp2dSRANY G AT RT 2
another aspect, X* and X° independently are benzyl, phenyl, or methyl. Yet, in another
aspect, both X* and X° can be Cl; alternatively, both X* and X° can be benzyl; alternatively,

10 both X* and X’ can be phenyl; or alternatively, both X* and X° can be methyl.

In formula (C), E'isa bridging group. In accordance with an aspect of this invention,
E® can be a cyclic or heterocyclic bridging group having up to 18 carbon atoms, or
alternatively, up to 12 carbon atoms. Cyclic groups include cycloalkyl and cycloalkenyl
moieties and such moieties can include, but are not limited to, cyclopentyl, cyclopentenyl,

15  cyclohexyl, cyclohexenyl, and the like. For instance, E> can be a cyclopentyl or cyclohexyl
moiety. Heteroatom-substituted cyclic groups can be formed with nitrogen, oxygen, or sulfur
heteroatoms. While these heterocyclic groups can have up to 12 or 18 carbons atoms, the
heterocyclic groups can be 3-membered, 4-membered, 5-membered, 6-membered, or 7-
membered groups in some aspects of this invention.

20 In accordance with another aspect of this invention, E is a bridging group having the
formula >E**R7*R®*, wherein E** is C or Si, and R’ and R®** are independently H or a
hydrocarbyl group having up to 18 carbon atoms or, alternatively, up to 12 carbon atoms.
For instance, R’* and R® independently can be H or an alkyl, alkenyl (e.g., a terminal
alkenyl), or aryl group having up to 12 carbon atoms. Illustrative non-limiting examples of

25  suitable “aryl” moieties for R’ and/or R®* include phenyl, tolyl, benzyl, dimethylphenyl,
trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl, propyl-2-phenylethyl, and the like.
In one aspect, R’ and R* are independently H, methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,
nonenyl, decenyl, phenyl, tolyl, or benzyl. In another aspect, R’A and R® are the same, and

30  are methyl, ethyl, propyl, butyl, pentyl, or phenyl. In yet another aspect, at least one of R’*
and R% is phenyl. In still another aspect, at least one of R’* and R®* is a terminal alkenyl

group having up to 6 carbon atoms.



In formula (D), M4 is Zr or Hf. X6 and X7 independently can be F;, d; Br;
I; methyl; benzyl; phenyl; H BH4; OBR2 or S8R, wherein Ris an al kyl or
aryl grouwg 20r1/m24y8dr ocar byl oxi de group, a hydrocar byl arCmaiSgeio0pi84dr a

hydr ocar byl si |yl group. The hydrocar bjj oxi de group, the hydrocarbyl am no
group, the hydrocarbylsilyl group and R can 20 have up to 18 carbon atons

or, alternatipy Qéc)ﬂrdah'& \Li@h Aot b QRB &{tﬁg‘ﬁwentlon, E® %G BHEding ford dﬁat ly can
be F, d, Br, 7cprgffenyl or m;\Bt hy gor exanple, X6 and

i ndepenofemqlsy—aﬁ;% &FBZ—QB Rl hyand Ry areeindepsadently H ?Ihii s

i nventi g@;pt r , enyl ,

or met h)c}ﬁ'd ()I\c/et 91%?5 %% ﬁ%égfaéggtb%ﬂq%%% dkrhq’[gﬁlg ggﬁo@ cgrb}a{;%gg)ﬁserﬁggt i veI Y,
both X6 instenck7RE aiR R'bendyR™ inflenendeatly wan pe B or g tatkyker andlkenylcgraume

pheny: I 78/, 88 aR7ch ¢ rmul a
(D) SI l’B(fm u%%) ganlakb\éﬂ aY%rrllJ%%tF\-rr]xég\ge d?{dan%ealgm tﬁmﬂﬁ cg)s%e enden ly c%]rpbé ar

i nvent| 0n¢thﬂ46tb)slnpﬂ99ylabwb lallg, blutelnéttanmmymﬂl Jtepativigly g’ gRouE\ ani B up to
18 carbo e ax hon o) roups

il ade @Ay i B HeRBRM B v dRebid, 8% 100 8T R OHRh bE 1P P

i ncl ude, altomiatively R%tR F,llhznciadeSg:ami;eohmmdnt yl, cycl opentenyl, 30 cycl ohexyl,
cyclohexenyl and 4 cam.b cycl ope

cycl ohexyl nol g?c)‘?r ap%etvélrt%g?%hn%rg ¥ ec ot ut "H’eghc |%c 5 aebr%déergC%o@poﬂav?’A&tﬂé

ni t r myenformuy geSiR WP s HiR TR het 'ehcﬁahdﬂ’é R%R eaﬁdﬂk@@rmmﬂqrendgmlbrl}t oy oups
can hav or .18 carbo atons, the /00249 [ US 010/ 001843
55 her er BUEHPY grotSaegAPg 1. Fsfeens p. lEmaaTal, vis k.8 FebpRgom

6- member getordigly, -in AEFELE loff thig) irvditsoni, R'3®B 1d§paﬂtlss'5midepéndanummmeuom

In accorda wi t h_anqt her aspect of thsmvenlon 4 PLEEgi ng group
havi ng t"rﬁ‘ea Pﬁﬂ?é‘kﬁﬁam‘?ﬁ-ﬂv  UR\Re} 4T ODE%%“fsa f“%’ antt %2 %ﬁad R13A

are i nde}l@@rhﬂ@ép%hdénhb Qfan b }hyﬂétﬁsilaréﬂWI glropynp Uaewl agylY rbuteﬁyl;t&r C}iﬂhfbﬂm at ons
or, alternatively  up.to, 12 cagbon atons. i nst ance, ﬁ R| 3A
| ndehenciRgvaa i R B and B ktyﬂepeaweﬁﬂn peetgmethyl o effy ATy ), or

aryl gr opi® REYRIYapdREQanlBe HASTMBmatME R7P,IR*B S F 2dnld REE Edibel héthyfli Ng exanpl es
of suitable "qryl" npieties for R 2A and/or Rl 3A i ncl ude phenyl, tolyl,

benzyl , di nethysh&ylon thej fyarepl perevr, in fomas, | (€9 rafs | lnﬁP@?ﬂﬂ“B}’O‘%y‘Pr a

phenyl bu}‘i kocaﬂ)ﬂlp?ﬁb&p %aﬂHE %116 118 Ydarboft Hbrh 6, Ialtéiﬁ‘atlv%g' hiviR9 &p 36 A8 Chrboftl 2A and
Rl 3A i ndépendent can beé an al kyl, a term nal al kényl, or aryl group

havi ng wasoms AcrordindprR'andRe. infepeasantitisan beHeax e hystiopaby o pxingp to

indeﬁ?n%@&r})e{n gomgr%m eny{a(xhl 1251 %m %utrxéth 1P&RLY rogbfﬁihi }J%ﬁi% W

octy nony ecyl rope teny pent e enyl’,
hept eny| hexyk emhthie likno fe syhe agpeatarR/| and Ritarg Imdepcndyntly mpthlvb nﬁyl, prapyl,yret

anot her R‘;.]Zié n 1a ropyl,
butyl, f?ﬁ{ﬂyﬁgu%l ﬁé ﬁé%ﬁ%sr?’is ‘HEE éRr %gb'gc{:e edﬁglttheasF BE% Rl 2A
and R 3Pexiamplehibothy R’ amljR lcaxabe H@a,sﬂtemmvedbf, bEithR&aachR %Iaﬁ,he t—butal terni naI
al kenyl group h vin 8 carbon .ato |.n acc nce not her
aspect of t h %I L@P’f 4 15s % c%@?‘%f@%ﬁbm (S)ﬁp 5\‘7 (ele} ?ﬁne gamfls 2
- CRI 28Rl 83l _o_mlﬁﬂilén'&@ Rerdws._, AM?ersﬂbsnnEhtZ Bn Rp3BRanRue, Hantl K hydidddaibyhroe
i ndepen r h drocarb u V|n 0,10 carb ato
al t er nat ]i‘)&é?‘%rlefﬁy]t%o‘ﬁyl&aé’fw tlt§%§% gﬁtoﬁﬁr %@Bﬁh‘éeéy’ aﬁyf'ilés g%emzc
and Ruc Hngtep anareedrbyl &amyda@:ai-&ymyargr@bkwvn@ru]ﬁm ab karbon zgélﬁklp Mbmg up to
6 carbon at ons; altegnati ve{b‘ 6 R1313, R12C, and Ri x .i Snt |y
o be euiBtents on sy ety i eretpre T HyPmos, Gosres Birinb AT
al ternatj hé’sucﬂa@ﬁtxa Poimdenii] BartialiNdAturatéd indésipand etlikg. can be H, met hyl,
et hyl pr%hgyl or I?d al tgirlgatl ggld R ZBQS’HI%I 3B, Rl2c, and. K-.13C
30 In one aspec Cp has no additional su‘bstltutlons other than those 'shown in formula
(C), e.g., no substituents other than the bridging group E®. In another aspect, Cp' can have
one or two substituents, and each substituent independently is H or an alkyl, alkenyl,

alkylsilyl, or alkenylsilyl group having up to 8 carbon atoms, or alternatively, up to 6 carbon



i ndependently can be H, nmethyl, or ethyl; alternatively, R128, RI 313, Rl 2C,
25and RI3c can be H or alternatively, R 213, R 313, R12C, and it'-'13C can
be net hylwo0 2011/002498 accor dance with anot her aspect of tRrC3/USamemdisan, E4 is
a bridging group having the formula s R 2DRI 3D si R 2ERI3E__, wherein

RI 2D, RI 3D, R12E, and R13E are independently H or a hydrocarbyl group

havi ng Uik &, fediamer adpess Cpt 3lab &k Bibleig) teth Fbtﬁ of Al bayl, pé
Accor di ngl y, in aspectrs gf@ th?scalnn\?entl o%e R1213 yl ., & %ﬁ 2E aﬁd&gB 3E

i ndepend&itl pemyl, OsLoethenpyd, propenyl.ihyteny}, %Fﬁte&vkéwwnr@r ’&P&nﬁhwrn@ctw to 6
carbon ay,piRieng! t €rnati vel y, R12D, RI 3D, R12E, and R13E |ndependently can
be H nethyl, ethyl, propy butyl, allyl, butenyl

2011/ 002498P&TA%gSKNET W 943 aspgcicafilyis inventien, ARt and e’ ymdmewnﬂwcsmbe Rl 2E5 and

R13E 5cal’t~1bgr i be%yl %}{eﬁ{dn@% in\é@)%iy whitd ﬁi Q?(f Bmelﬂ'&peﬂegﬁ?y cask I3 Eb {] ah®

met hyl on t uorenyl groups in formufd (D) are
i ndependéhteltberlhamo @EidltlQnBl subgtitpentsemsn’ Cglll bayg arsng msglbawums sdlgeteafrom] at ons

or, alt 3{ %ﬁ _/a! 213 i}&ipof ngén%ﬁ?lg ﬁa@ﬁ£g§ 2, 19%&:‘869 hBEsz n Hede R15

R16 an can ydroc group having up to 8
car bon andrmther smhtsaE cafnobe e»cmrpmel ora¢ylclolhe7gﬂ,oa.lwmat1mlvn§1 canelnehay bndgmg)pyl

butyl, p e 3 N -$0 6, and
R17 are %§ ﬁI&%haevﬁr? }‘&Hnu 3? AtRhE% 5"%[‘3rreglp>l7zl n;ecagltpgf ﬁ{d Em exyI

whi | ® i ninddphsientds }ﬁaotleihlebtb,yl Rﬂrﬁplelhﬁyl emntle hex gy éaeptmljeqygfrh,dmnyl ydelelylor
t-butyl. For exa atively,
105 - 14 )Eh 1 butec:]nyé1 Rg‘eé) 1, e{nyggxﬁ}tfmyi ocEflenyplr}one%yl dean n,p?metnéld t hat

X6 and Xdlyl, mdeamyﬂamﬂnyum Bie:aE be @Ibndﬁhg gkquptimnmglthe fdrmnlel —GRPRELRY| i n

formul a (Dr,sand cR17. i.ndepe t be. H ar but yl .
o heod BB BT Joo™ Rox: alihare s paGS T o el sp augfpstively
al ter natE’vdah Ye abfidgiap ghripchabinigdigs ftb@nﬁla G-SiRIPRFAVISIR ERA%—{ @hérdingR™°, R®P,

>E4ARI 2 3Awhegr ei n E4AA | S and R12A and R13A are 15i ndependent |y
H, @\ﬁﬁ%/lare B’S@)?Fme%htyl hexyl, heptyl, octyl, nonyl,

decyl, Non-limiting examples of ansa-metallocene compounds having formula (C) that are
suitable for use in catalyst component I include, but are not limited to, the following (Ph =

phenyl; Me = methyl; and t-Bu = tert-butyl):
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et henyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, phenyl, tolyl, or benzyl; alternatively, E4 can be a bridging
group hawvogotime2498r mul a - CR12BR13B wher eiPOTRE2118/001818135
R12C, and R13c are independently H orjgrethyl; or alternatively, E4 can be a
bridgi ng group having the fornula 20 wherein R12D R1313, R12E, and R13E
are independently H or nethyl. Non- i rrgsexanpl es of

ansa-netal |l o S ounds havi ng fornuls are suitable for use in
cat al ystygen ~ tch%he fol | owi ng:

WO 2011/ 0024_,%8P US2010/ 001843 29  ; aRbkgfie e, or any combination

t her eof . PHA: Htiphs al so contenpl at Bd"t Ccatjal yst conponent | can
conprise a brid me®lal | ocene 5 conpound h g formula (A): R3 ,

wherein: Mis r H; XI and X2 are indep , d, Br, I, benzyl,
phenyl, or nethyl; RI and R2 are 1n
al kyl, al kenyl, or ary group having up to 1012 carbon at oms;

Ph” J \CI Ph/ \>—<{ \CI




R3 and R4 are independently H or an al kyl group having up to 12 carbon
atons; and R5 is H or an al kyl or al kenyl group having up to 12 carbon

at ons. WO 2011/002498 formula (A), Mis Zr or Hf, and Xi &nu/Us2010/00spendent |y
can be F, A, Br, |, benzyl, 15 phenyle¢ or nethyl. For exanple, Xl and X2

i ndependent| yare O, benzyl, phenyl, or methyl in WO

2011/ 002458 ‘010/001843 30 one aspe his invention. In another
aspect, ndependently are b
anot her aspe joth XI and X2 can be © :
be benzyPh~af't ¢ ga®lively, both Xi andP (el phenyl; or alternatively,
bot h Xl Bhd cannnethyl 5Subst i t uePh™s \n@ R2 on the carbon bri dgi ng
atomare in ndently H or an al kyl, al |, or aryl group having up to
12 carbon at For instance, R and R2 } ependently can be H nethyl,
ethyl, propyl, butyw-—_pentyl, hexyl, heptyl ”“ty# nonyl, decyl, ethenyl,
pr openyl , butenyl pe\IenyI, hexenyl , heptenyl octenyl ,’ nonenyl decenyl ,

/nyl or nethyl. Yet, in
: natlvely, both Xi and X2 can

phenyl , aIyI or napht hyl, ans e. In accordance with one
aspect o : »ent invention, RI 1re i ndependent |y net hyl,
et hyl, pr.opy put yl , et henyl, propqu gt enyl , pentenyl, hexenyl,

benzyl , BP~whe ,L4ﬂln anot her aspect, 'Rb ang

nethyl, 8?hy§ﬁép\upyl butyl, pentyl,PHex

rR2l are i ndependently H,
\ébhenyl, propenyl, butenyl,
pent enyl, or xenyl . I n yet another asp RI and R2 are independently
phenyl, benz or tolyl. In still anothe ct, Rl and R2 independently
are H nethyl, Ko , butenyl, pentenyl, \ OF benzyl. 15
Substituents on the cycl opentadi’enyl and fluorenyl groups can include H On
t he fl uoreny and R4 are |no=-.nd y H or an al kyl group having
up to lzbg § tgcordlngly, ndependently can be H

net hyl, e Pyl p DyT buPyI pentyl, hex eptyl, octyl, nonyl, or

decyl, and t'ffegc |kzr/Ch somnme aspects rrRﬂlare |ndependently met hyl ,

et hyl, propyl n: f?bl t-butyl, or he i@ in ot her aspects, R3 and
20 R4 are ind ntly Hor t- butyI anple both R3 and R4 can be H
or, aIternatlveI both R3 and R4 can be utyl. On the

cycl opent adi ¢ o R5 is Hor an ? al kenyl group having up to
12 carbon_a

for |nsta« pt hyl , ethyl, propyl, butyl,
pentyl, ﬁ@%yl : gPyI nonyl , d

enyl, propenyl, butenyl,
pentenyl, he¥& , zheQt enyl , octenyl Megrén —CG5 or decenyl, and the
li ke. O‘ten

,Cnethyl ethyl, p 1yl , ethenyl, propenyl,
but enyl , pent ¢ hexenyl In othe cts, RS is H nethyl, ethyl,
propyl, butylZ pentyl, or hexyl;; or al t#&r ively, R5 is; ethenyl, propenyl,
but enyl, pent e 2xenyl, or hepteny I n anot her aspect, at | east
one of RI i yl group, such as, for
instancerBe ey p Sef y hexenyl , heptenyl, octenyl,
30 nonenyl , écgnyfy and the I|ke Mé{ teast gne of R, R2, and R5 can be
propenyl, bua , aspects of this invention.
WO 2011/ 002498P 0/ 001843 31 Mefyl i M ting exanpl es of suitable
bri dged netal |l oc L (A) include the follow ng
strucgures (these c ‘ |- A qu MET- | - B,
respectively, in FIG 1): and 5 Ot her bridged netall ocene conpounds can be
enpl oyed in ¢ @ of the catal ys 0

inventiopg,T

g, ,Scope of the nvention is not limted to

t he bridged cenes of formula (f) okmul a (D), and/or formula (A).
Li kew se, ujgg' gearﬁﬁlallocene conpogn B2 used in catal yst conponent
| of the pr veBl i on. Represent ati nbﬂﬂdged conpounds with al kenyl

substi tuents 10i ude, but are not |Iim



WO 2011/ 002498PCT/ US2010/ 001843 32 O her unbridged netal |l ocene
conpounds can be enployed in conponent | of the catal yst conpositions of

t he presewD 20nveeHIson. Therefore, the scope of the presentr/usaventiseh i s not
limted to the unbridged netall ocene species provi ded above. Representative
bridged and/or unbridged netall ocene conpounds, and nmethods of 5 producing
such conpoung =l may be enpl oyed A7 aspects of this invention are

di scl ose |' : gBhbs 5, 498, 5§ . 886, 7,312,283, 7,456, 243,
7,468, 452; 935"t he di scl osu ich are incorporated herein
by referencg -+CEnt|rety O 'erzpecallocene conpounds

i ncl udi ng ha ydwi~ch and cycl odi e S, can be used in catalyst
conponent | of f{®&) present invention, e;ch conmpounds include, 10but are
not limted to, e foll ow ng: B i : . NAPCSO2CF3 B\ N(i-Pr)2 ; and
the Iike (Ph = phenyl =Pr = |sopropyl) FurthA/'-re di nucl ear

with an al kenyl
pf the present i

group can be 15 used in

Such di nucl ear netal |l ocenes

41 i cation Nos. 2009-0170690
V!b2011/002498PCT/U'“0 0L00B43 33 and U.S. Patent

2 4&8 630, the discl es 76 _phi ch are i ncor por at ed

e iN their entiretyV A hnst’'ance, catal yst conponent |

can conprise a ucl ear conpound forned e@m one al kenyl -substituted

conmpound havi ng for 14 C), framone alkeny =S\ybstituted conpound having

fornmula (D), fromtwo different ’al kenyl -substituted 5 cdnpounds havi ng

formul a (A), al kenyl - substitu y

al kenyl - g t.E2d_gOnpgynd having f.\ ,

illustrative, frePULPOSES di nucl ear docene conpounds can be formed from

t he follomnn%E? pr (Htatlve netalloceg?ncoﬁpgﬁhds having formula (C and
cti ii:

net al | ocene
catal yst co
are di sctBse £e
and 2009- 0172;*A
Appllcatlon g.
her ei n by r- er ¢

fornula (D) Gel y:

>sii 2z >sii  zrC
I I

S = ; = ;
t-Bu OQ t-Bu i (%j
Me s’ Yl Messi zeC



10The met al | ocene conpound having fornmula (C) has an al kenyl substituent on
t he cycl opent adi enyl group and can be used to form a dinucl ear conpound as
descri bedwOreoli/i8249Pat ent Publ i cati on No. 2009/ 0170691. Phe/usetialohssene
conmpound having fornmula (D) has an al jgenyl substituent on the silicon
bridgi ng atom and can be used to form a dinuclear conpound as described in

U. S. Patent on No. 2009/ 0170690.=As snal ly, any two 15

nmet al | ocene wi th al kenyl substi ‘ ing formula (C) and
formula ' ve¥@{ can be usé®t oge J£h1a het er odi nucl ear
conpound as P8 i lin US. Patent AppPheafi gnign. 12/489, 630. I n
accordance w aspect of the inventio aMygt conponent | can
conprise a brdid net al | ocene; alternati el an unbridged netal |l ocene; or
alternatively, i nucl ear 20 nstal | ocene? | not her aspect, catal yst
component | can conprise a netall ocene cog und nt ai ni ng an al kenyl

noi ety. For A an unbridged or a by al | ocene can contain an
al kenyl @B&yclopentadﬂéWyl, prgenittBu and/ or a fl uorenyl
group. & or 1n addition, a Bnigdded, mejall ocene can contain an
al kenyl sub?J L&uerﬂr@ the bridging gr ouph’(S \%e bridgi ng atom).

Nonl im ting es @f such bridged netall ogghe conpounds havi ng an

al kenyl substlt include the follow ng stitgtures (these conpounds are
abbrevi ated as and MET-1-B, respectively; IG. 1; Ph = phenyl):
WO 2011/ 002498PCT/ US20 001843:34 and In accoro.nce mnth an aspect
of the invention, catalyst conponent | c se a Ti-based netall ocene;
alternativel 9 ively, a Hf-based

met al | ocgfp- _@spect, cat alt{Bt t-Bdan conprise a
netallocene %aV|ng formul a (OPh<J et cpnot her aspect, catal yst
conponent se a netal |l ocene ch ing formula (D). In
still anothg ct ,Clcat al yst conponent | conprise a netall ocene

conpound haV|ng rmula (A). Furthernore, ca
having formula (C) or fo D), wherein the
nmet al | ocene conpound c®nt ai ns at | east one al kenyl noiety. 10 CATALYST
apresent invention

g_one or nore hydrogen

st conponent | can conprise

conpri ses cal qponent 11, which c&
scavengitrBy 3 G > d&ual yst can conprise a
hydr ogenat i 8h. ;@ ygn conprising a trankh | tal such 15as Ru, Rh, Pt,
Pd, Fe, Ni, PNO\Ji \§ﬂ, and the |ike, orPiOmy patNons thereof. For

i nstance, hydr scavengi ng catalysts co Cgming Ti can include the
foll owi ng conpourds: _,c, 2 Zrr, _cl "ci and the |ike.

SIN\—= : PN :

b

Ph’s' Z C

Cl
Phsi” Z—Cl

5 ., 2@



Cat al yst conponent Il is not limted to titani umbased netal |l ocene
conpounds. For 20 instance, catalyst conponent |l can conprise at |east one
of the fowbaeiwg24y8dr ogen scavengi ng catal ysts: WO PCT/US2010/001843

2011/ 002498PCT/ US2010/ 001843 35 ICRLI{g 2zr'zr.,zr' CCdr,C, t) "c,_,c,,,

"c, Ti g/TI CC SWth the exception of the conpound having formla
(E), these netallocene conpounds are | ed in FIG 1 and are provided
wi t h abbrew at i s MET-11-A to METII -4 @ ively. These conpounds can
be produ any suitable nethod, 0 ng those disclosed in U S

, 073, 7,226, 886, and"‘?I

2,939 the di scl osures of which
ber ein by ref erence th t

are i ncoﬁ’fpg[ at gl r~entirety. For instance,

MET-11-E "3, produced via a zinc r tion of MET-11-F. In fornula
(E), M i r Hr; X8 and X9 are ‘tndependently F, d; Br; I;
met hyl ; behz phenyl; H BH4; ;OBR2 or SOBR ein R;is an al kyl or aryl

group ha 0 18 carbon atons; or a hydrocarbyIOX|de group, a

1t or a hydrocareﬂ— /I=gr oup, any of 15 which having
hdependently a
on Cp2 and Cp3 is

mdependqn’ts'ydrocar byl grmﬁf‘r .‘ Cp to 18 carbon atons; and
%

’ H

Ph:S'% CZ ¢
N . PN= :
Phsi Q\ r—Cl Ph-si %Zr/m



WO 2011/ 002498PCT/ US2010/ 001843 36 ES is a bridging group having the

formula -(CH2)n-, wherein nis an integer from2 to 8, inclusive. I n
formul a (Ep,20NB0e@8 be Zr or Hf, while X8 and X9 i ndepemdeniskgrovars4sbe F;
Cl; Br; I|I; methyl; benzyl; phenyl; H2BR4; OBR2 or SOBR, wherein Ris an

al kyl or aryl group; or a 5 hydrocarbyl oxi de group, a hydrocarbyl am no
group, or a hydrocarbylsilyl group. The hye | oxi de group, the

hydr ocar byl t he hydrocarb¥% i D 3&9 R can have up to 18
carbon atgps Zrrggd vel y, up t ¢BY2 #t ons>! X8 and X9

i ndependent Igy,_ (5, d, Br, I, benzyPhs w-Clor methyl. For exanpl e,
X8 and X9 i den{ty are O, benzyl, orcinet hyl in one aspect of
this invention. 10Clanot her aspect, X8 # J i ndependently are benzyl,
phenyl, or m¢ i n anot her aspect X8 and X9 can be d;

alternativel XE atively, both X8 and X9

can be phenyl; or alternatively,” both X8 and X9 can be nethyl. I n

formula (E), R pent adi enyl or an indenyl

group. Ote d\ Cp3 are each a roup or each an

i ndenyl @B SiBgt i t uent ont%%z |ndéﬁgndently can be H or
w—Cr alternatively, any

a hydrocar by, grouy nging up to 18 carbBH:
substituentfﬁgﬂ bet6r a hydrocar byl gr8bp payfi nciup to 12 carbon at oms.
' ' H, therefore this

Possi bl e subs t sClon Cp2 and Cp3 may
i nvention co partially saturated | ]
partially sa ted+ndenyl, and the |ike. 20l n one-aspect, Cp2 and Cp3
have no substitutions other than those shown in formula’(E), e.g., no
substi t uent s=& ean the bridging grouyp BS. anot her aspect, (Cp2
and/ or r two substi.t %
indepenggﬁf bgua hydrocarﬁ?@ g aV|ng'db to 10 carbon atons,
such as, forPhey mpgesClan al kyl, al kenyl, "Orsiar var—$Houp. Yet, in anot her
aspect, Cp2 Ran t/ Cp@ can have one or tW8 s n:t?hments, and each 25

substituent | dently can be H, nethy qUhyl, propyl, butyl, pentyl,
hexyl , hepty | , ethenyl, propenyl, Yuteny. pentenyl, hexenyl,
hept enyl , octe yl,ﬁﬂﬂﬁﬁﬁ, tolyl, or benzyl,\Mﬂ§G§gﬂ“cher aspects, each

substituent independently can be nmethyl, ethyl, propyl, ’butyl, ethenyl,

propenyl, bug I pent enyl . In formula (E), E5 is a bridging
group ha\[éu &.ﬂ@ EBG(CHZ) n-, wherein p~Fs an 30 integer from2 to 8,
i ncl usi vE" ;’ahe eger n can be 3, 4, &) or 8 in sone aspects of this
i nvention; hgg'n.vﬁvﬁly, n can be 3, 473X or 6; or alternatively, n can
be 3 or 4. Ph ancespect of this Thegnt ppa¢! X8 and X9 in fornula (E)

i ndependent | e F, d, Br, |, benxyl heayl, or nethyl, and in sone
aspects, n c integer from2 to<§, NOXR011/ 002498PCT/ US2010/ 001843
37 inclusive; {vely, n can be 5, or 6. Additionally, Cp2

and Cp3 can be unsubstituted cycl opentadi enyl groups or ‘unsubstituted

i ndenyl ., excluding the bpfadgi ng oxoup). Alternatively, Cp2 and
Cp3 i nde may be substituted Q!iﬂga por two substituents, and
t hese sub i ndependent |y can be of a hydrocarbyl group 5 having

up to 10pearkol aipns, such as, for exaspl ezenm€thyl ethyl, propyl, butyl,
pentyl, he yl, octyl, ethenylP"propgényc| butenyl, pentenyl,
octenyl, phenyl, t r benzyl . Non-limting
bcene conpounds havi a (E) that are suitable for
conponent |1 incl ude, limted to, the

exanpl es gP Qe
use in catal yst
fol | ow ng:

but are n



; and the |ike, or any conbination thereof. Cat al yst conponent ||

al so may conprise a dinuclear conpound fornmed fromone or nore

al kenyl - swb=vittaeeed hydr ogen scavengi ng catal ysts, suchpras/ts2aonpsund
having formula (E) containing an al kepyl substituent, or a conpound havi ng

the followng fornula (referred 15 to herein as MET-11-A): 1C1, A Zr
[----1-(d=Cl. Thi s unbridged netall ocene conpound (MET-11-A) has an
al kenyl t on the indenyl grg i Can be used to forma

di nucl ear Publ i cati on No.

2009/ 017AM4}, bhecdi scl osure of whic orated herein by reference
in 20i t sSPENtSLAt e WO 2011/ 002498P h k@§1843 38 I n accordance
with one of the present inventi t aPyst component 11 can

conpri se -A MET-11-B, MET-LI- | -D, a conpound having fornul a
(B), or any conbi nati+Qn thereof. In a da W th another aspect of the
present invention, catalyst conponent |l can conprise MET-II1-E WMET-11-F,
MVET- 1 | - G/~ , a conpound havi ng £ g (E), or any conbination

t her eof . gance with yet anot
catal yst_conmgepent |1 conprises MET-I1 YA accordance with still another
aspect o?“% e pgefent invention, catdﬂyél pppoinent 11 conprises MET-11-B
al t er natPel s, /cowpri ses MET-11-C, alRherngif vegy, conprises MET-11-D;

al ternat iy conprises MET-11-E; al tergaedyvely, conprises MET-11-F;
alternati , atively, conprises MET-11-H
alternatively, conp es a conpound ha ng'ﬁ@

of the present invention,

) riwka (E); alternatively,
conprises a Ru-based and/ or Rh-based hydrogénation catal’yst; alternatively,
conpri seg Based hydrogenati on cap= ternatively, conprises a

Pd- based jenation catal yst; alte conprises a Fe-based

hydr ogenat1 osXcatal yst; alternatively es a Ni -based hydrogenation
cat al yst; “af’t ezpafl vel y, conprises a Nbsi”15pased hydrogenation catal yst; or
al t er nat PWel coxpri ses a Ti-based r oyeghatcopn catal yst. The

hydr ogen gi ng catal yst of catal Dpponent |11 may produce a

di fferent jal than catal yst conpg oduces during the

pol yneri zation pto . For instance, hy#+eQe pol yneri zation, the
hydr ogen scavengi ng catal yst may produce ethane, and/or ’the hydrogen
scavengi ng cate Ry produce C4, . ¢., al kanes, and/or the
hydrogenbéé 3 N talyst may p p/ ol ecul ar wei ght ol i goners
(e.qg., |ower ?ght t han pr.oduce y catal yst conponent 1).

ACTI VATOR- S8 M




The present invention enconpasses various catal yst conpositions containing
an 25 activator, which can be an activator-support. In one aspect, the
acti vat orweuppaoe498onpri ses a chemcally-treated solid ®xiras2010/001843

Al ternatively, the activator-support an conprise a clay mneral, a
pillared clay, an exfoliated clay, an exfoliated clay gelled into another
oxi de matri x=a_l wed silicate m ner-ed - | ayered silicate mneral, a

| ayer ed aépa @ én neral, a nog al um nosilicate mneral, or
any contiiat Mo B0General |y, |l y-treated solid oxides
exhi bit enhMfe

) az;.peﬁlty as conpared MQ}S ezgeCr espondi ng untreated solid
oxi de conpoled. e xdyeni cal | y-treat d&’so “ogj de al so functions as a
cat al yst actjma as conpared to the /4 3pondi ng untreated solid oxide.
ivates the netall ocene in the
absence of co- E002498PCT/ US2010/ 001 39 catalysts, it is not
necessary to elimnate co-catalysts fromthe<catalyst conposition. The
activation f G t he activator- C ‘ﬁ evident in the enhanced
P@PSi tion as a W ~, A5 conpared to a catal yst
Qg t he correspondmng nyreafed solid oxide. However, it
is believed %H& tlr hen1ca||y t r eatppst©SQl ide can 5 function as an
activator, ev He absence of an o gal ul num conpound, al unm noxanes,
organoboron anoborate conpounds ing ionic conpounds, and the
i ke. T -treated soli'® S conprise a solid oxide
treated with an el ectron-w t hdraw ng ani on. Wi | e \not intending to be bound
by the follo [ng tatement, it 10 is believed that treatnment of the solid
7 ) ents or enhances the
A\G .FHMUS, ei ther tH&uva watof - $yport exhibits Lewis or
Bronst ed aci di ,RaClis typically greater -@le Lew s or Bronsted acid
strength of the tT4t ed solid oxide, or tRe/actEvator-support has a
greater nunber{gh acid sites than the un//-,gvd solid oxide, or both. One
met hod to ¢ 4 3
solid oxide materials is by conparlng t he polynerlzatlon activities of the
treated and /A redted oxi des under aC|d czt\al yZed reactions.
Chenmi cal {g; Mme formed generally from
aci dbc or Bronsted acidic
Fﬁb~§p|ld oxi de is
g 20 conponent, typically an
g anion, to forman ai!’ at or , support. According to
t heVDr esent i nvent;i on, the i & Oki de used to prepare the
chem cal | at ed solid oxide has a ;pre une greater than about 0.1

conp05|t|onN@0n 2

behavi or and h ;quﬁatlvely hi gh porosi t W
'\q with an el ectron- mnthg R

cc/g. Ac t o anot her aspect of sent invention, the solid oxide
has a pore fme greater than about O S g. According to yet another
aspect of néHent invention, the so |dzpwﬁﬂe has a pore 25vol unme
greater thas bou?'l 0 cc/g. | n anosbeér pect, the solid oxide has a
surface @& f from about 100 to abq @J0o0 n2/g. In yet another aspect,
the solitoXigé\ has a surface area of orn/alout 200 to .about 800 nR/g. In
still” anot her aspect of the present invention, the solid oxide has a
surface from about 250 to abq@ P/ g. 30The chem cally-treated
solid ox gar/conprise a solid inor i de conprising oxygen and one
or nore el errent s,@el ected from Group 2, 4.0, 6, 7, 8 9, 10, 11, 12,

13, 14, or
el ement s

5 Af~¢he periodic table, @i ng oxygen and one or nore



WO 2011/ 002498PCT/ US2010/ 001843 40 John Wley & Sons, 1995; Cotton, F.A.,
Wl kinson, G, Mirillo, C A, and Boclunann, M, Advanced | norganic

Chem st rywo@bh/daeos Wl ey- M ersci ence, 1999). For exanplper/ush@oionsagani c
oxi de can conprise oxygen and an elengnt, or elenents, selected fromAl, B,
Be, Bi, Cd, Co, C, Cu, Fe, G, La, M, Mo, Ni, Sb, Si, Sn, Sr, Th, T, V,
W P, Y, Zn, d 5 Suitable exanple,/uf 3 ~|d oxide materials or

compoundg ed to forn1t 1!? tyeated solid oxide
i ncl udefjlsatl)J not c!t?{fn ted to, 8% BZO |
0 1

BeO el 203, CdO, Co304,
Cr 203, CuQ FeR03zrdu203, La203, Nh203 MbQ3, P205, Sb205, Si02, Sn02,
Sr0, ThO2, TiO and ?he l'i ke, including m xed
oxi des t hereof xanpl e, the solid oxide can
conpri se S|I|ca m num phosphat e,
het er opol ytungstate, ti zirconia, magnesia, boria,
Xi des thereof, or any i on thereof. The
i'tRHent i on enconpéﬁ@es it nﬂﬁ%rlals such as al um na,
omppuflis thereof such as silfi cayak@nina, and conbinations
and ni xtures thepeol The ni xed oxi de conpowgds SGth as silica-al umina can
be single or i pl e 15 chemical phases wi{®)nore than one metal conbined
wi th oxygen to Toyipa solid oxide conmpound. ExApl es of .m xed oxi des t hat
can be used in the activator-supgport of the present invéntion include, but
] to, silica-alumna, NC3 tania, silica-zirconia,
s clay mnerals, alunm\ng ani a, al um na-zirconia,
R, aum na-bona, silica-bopi adcym nophosphat e-si |l i ca,
Fa~ciand the |ike. The so

conbi nati ons t hereof.
Num na, silicag- 10 alunlna

"m xed oxi de"

zi nc- alum

titani a-zi Y~dg of this 20 invention al so
enconpasses¥, ide materials such as sil ikcg-coated al um na, as described in
U. S. Patent 'Uellcation No. 2010-007616K e di sclosure of which is
incorporated Metein by reference in its entiYfety. The

el ectron» awi ng conponent used tg the solid oxide can be any

ncreases the Lewi s or ¢d acidity of the solid oxide
upon treatne S 25 conpared to th oK1 d oxide that is not treated with
at | east one emeg ron-w t hdrawi ng ani on). Zg ‘Fding to one aspect of the
present invg i on®! the el ectron-withdraw 0 cdﬂponent is an

el ectron- vm(jhramﬁng ani on derived from@/salt, an acid, or other conpound,
such as a vol ¥\ |e organic conpgund, that ¥eVves as a squrce or precursor
for that anion. Exanples of electron- wi t hdrawi ng ani ons ‘include, but are
not 15 mianddhelike, anany serabingionthereefe, fl uoride, 30 chloride, bronide,

i odi de, fl uop aﬁggg greYelaTaloy

trifluor oacethgtéégué ﬁ‘ts fggtgﬁgt?!lau g??rltg:%ﬂat ?Fllj)fglrj |r?anat SM&npound
phospholmumgﬁvmmb(ﬂand the like, including mixtures and conbi nations
thereof. In addition, other aon-i oni ¢ conpounds that serve as
sources for these electron- ¢ ani ons al so can be enpl oyed WO
2011/ 002498PCT/ US2010/ 08184% (V) Drg$ent i nvention. It is

contenpl ated that the electron- wkf Wi ng ani on can be, or can conprise,
fluoride, chloride, brom de, 6triflate, bisulfate, or sulfate,

and the like, or any conbinatior t ragf, in sone aspects of this
i nvention. |In other asgbgts gl ect'ron-w t hdrawi ng ani on can conpri se
sul fate, bisulfate, em de, 5 iodide, fluorosulfate,

fl uor oborate, phosphate, f e, trifluoroacetate, triflate,

fl uorozirconate, quorotitan- e, he |i kewhgeinany conbi nati on thereof.
Thus, for ex%gp%z activator-support (e.g., chemcally-treated solid
OXIde) used in e°ca ’al yst conpositions of t he present invention can be,
or clén conpr iXend X wor indegkndénily FaGl; Bhllpmicthel bahzyrtupmnyleoBIﬂ,eGBRIz om na,

oot R A 4R o bR 8 g o 4

silica-zirconia, chlorided silica-zirconia, bronided silica-zirconia,
sulfated silica-zirconia, fluorided silicatitania, fluorided silica-coated
alum na, sulfated silica-coated alum na, phosphated silica-coated al um na,
and the |like, or conbinations thereof. In sone aspects, the
activator-support conprises fluorided alum na; alternatively, conprises
chlorided alum na; alternatively, 15 conprises sulfated al um na;
alternatively, conprises fluorided silica-alumna; alternatively, conprises
sulfated silica-alumna; alternatively, conprises fluorided
silica-zirconia; alternatively, conprises chlorided silica-zirconia; or
alternatively, conprises fluorided silica-coated alum na. \Wen the
electron mnthdramnng conponent conprlses a salt of an electron- 20

M T b 1. . o, - Y 2 1. I e S ' R T Y 1



WO 2011/ 002498PCT/ US2010/ 001843 42 enpl oying two or nore

el ectron-wi t hdrawi ng ani on source conpounds in two or nore separate

cont act i NyJODHP®2498 Thus, one exanpl e of such a proces3/usgomiodshs a
chemcally-treated solid oxide is preppred is as follows: a selected solid
oxi de, or conbination of solid oxides, is contacted 5 with a first

el ect r onmydtocheyionide Graly, qnhﬁﬂwae@lmww o af wm&rﬁylmt gBup! Bheort his
first mixture i s calcined and then contacted with a second

el ectronwwlilll?dprﬁ@1§ﬁi‘rb?|“%t8ﬁ‘ﬁce conpound to forma second mixture; the
second m xtu@ld%ﬁdgg%g;alﬁ:ge[b@gd%n{ orma treated solid oxide. In such a
process, the first and second el ectron-w t hdraw ng ani on source conpounds
can be either thea 8y opheterogychic brfging goup herdng uclSsetiongtoms, anot her
aspeat of the preseRlighs Leip! Pingt tnéf&nﬁm 9@%&“@@%& dﬁqu %X6rd§
conprises a solid i nor gani ¢ "oxi de nateri al m xed oOXI materi al ,

conbi nati on of i nor ganind Rx} d@dﬁrat“érq md@endenﬁyﬁwdmimc@dnyl gmupéa\tlw vm th
an el ectron-w t hdraw nﬁp q]mg%gtatonfsnd optionally treated with a netal
source, including net ions, or other nmetal-containing
conpounds. Non-1 i mbmdglggamumlhe\sn@fthet Frempiat atCRIF® R"r‘?aet—aCRVSR”?ﬂclwldmm 15

zi nc, nickel, vanadi unji2sigamigim ze e | | st en,
nol ybdenum zi rconi umnkan tHe}yI P ﬁlzd korgrg(%%gegpn emtlfﬁﬁ ﬁlle{1 élf) r%g( es of
chenilcal | y-treat ed sol havingqipdted Otclrhbn gtomsairn a netal or netal ion include,

but are not limt ; chl orj re 3Dal 1;@ .3Eflu rided
titani umi rrpregna?%cri'hglflﬁrﬁmug h?w%ﬁledtégng? g?ﬁpvj{egna | un? N4, ehl ori ded
zinc-inpregnated silicR! B,IRIW? rRi%E, andiRPF dedn@pmdenulmﬂegraatyﬁdacsnbbl granp 20

al um na, sulfated zincgi ngbedbal utm na, .chlorided zinc alum nate,
f1uorided zinc al um natd’ EHO9 ACMS i nate, silica-coated al unina
treated w t hRiGRIT, Im&ranﬁm‘élatecmaq:eddenay IH 62 Godroedbyll gidipBavingeay @digv th
zinc and then fluorided, and the |ike, or any combination thereof. Any

met hod SPPRAIPEEnati ng the solid oxide material with a metal can be used.

The 25 net hoth kymvhi®ly, Mhe Zodrder, ixS aﬁ@wa&kﬁdmdwﬁdﬂaauam dl; BOUR&hyl;
typically a salt or netal-contai nlchg é@ﬁ npound, can i ncl ude, but is not

i mit ed depylgehanyhgth BilgQBRangr § i1} &n PN eyl compligEowntes anot her
and the HyH%@arb&lei@@sgr&ﬁﬂ’a th?@rogﬁt)ﬁllmﬁlgnéﬁhﬁ“ St9a ARARREAGIsHIPL BRIED TRe OF

i npregnated into the solid oxide 1n solution form and subséquently
conver t diydfosarbyloxide graypothe dydiesarhylamingrereus, Siediydrpearhylstylarony gnd R lsen sol i d
| norganieyox faeisfcafbow{oh{a% alé&aﬁwrg%@mﬁﬁé omg! ected from zinc,
titanium nickel, yanadium silver pper ium tin, tungsten,

mol ybdenum X a@nd K inderendensly coorbisiFa&1,iBink bg‘izyt,mége'l,rmtrladtlwl Eorexamalepl e,

zinc is 7 PR t i i de

i nprove catgtaa ﬁ‘%g%%dtgflﬁl ty%g[&g%flo%%co’s{)hget% gg&‘??@’%‘%}@é‘ﬁ%{’f’%@ﬁ’glg’%01g4s
43 afipthersapedt, BXiadé X amdépendentlyitazel bonzyh phenyd) os aiethyl orYeteinadnothent ai ni ng
conmpoun 6 afit [, At h oI i d

froat od rth PO AT conte bt RBT TR R R sl e By afiftpdlBelg

met Hod, toheXtardtXdane te pﬁenyumealwmmbny;bmxﬁm’ caﬁlbeerteltl@m wi t hdr awi ng

anion, and t nmet i cal | al ci ternati vel a solid

oxi de 5 mat e? ,"gﬁDEﬁgdi?Bﬂ 3%‘& Wﬂ?‘gv\]ﬁ‘ﬁﬁcoé “SﬁWAhﬂPé?e“a‘ffdh‘ H’é’e?ﬂé)t“al sal t
or met aIE“camtbé Al ey@lic WIpkekiocyalie biHdgingCiroeh aladmgaipc kad &irbBAl hdRLOWs! Y.

Var i ous rocesses are useg to for%pé:he chem cally-treated solid oxide

usef ul i3fCPALVEr 3Rt 15 FATRIR AIGMS lig rﬁé?ﬂpédP?lg}de[ fyelnalicy! ad icycloadkaw! can
conpri Sﬁnélaﬁes @ad lsdéH mpleel6dn iAE1uEE) Bup hreMt Binfiel its] S¥lofaiityWeidlogeRRnfll NOre
el ectron-w thdrawi.ng anion sources. It is not 10 required that the solid

oxi A bevelgheyheyclpiexgnyls andthalike ¢ F?fgm%tﬁ@eelﬁ é"é‘t‘rbSﬁ qFlopentdharfyclahgxyh

sour ce. J&a&ycgeteﬁﬁto@.@mﬁﬁtedtcwa&gb&aé caR b AIrmbdR5th Bittdieh, AYEIDE: Qifuaf ter
the solid oXxide is contacted with the el ectron-w t hdraw ng”anion source.
The sol ihgteratoms. cWihilp ghese heteroexrlisrerenps £hw havedup t9al3 eus8 srbewssaiems.tthe pr epar e
solid oxide activator-supports that can be enployed in this invention have
been reported. For exanple, such nethods are described in U S. Patent 15
Nos. 6,107,230, 6,165,929, 6,294,494, 6,300,271, 6, 316,553, 6, 355, 594,

6, 376, 415, 6,388,017, 6,391, 816, 6, 395, 666, 6,524,987, 6,548, 441,

6, 548, 442, 6,576,583, 6,613,712, 6,632,894, 6,667,274, and 6, 750, 302, the

di scl osures of which are incorporated herein by reference in their
entirety. According to one aspect of the present invention, the solid oxide
material is 20 chemcally-treated by contacting it with an

el ectron-w t hdrawi ng conponent, typically an el ectron-w t hdrawi ng ani on
source. Further, the solid oxide material optionally is chemcally treated
W th a rretal ion, and then cal ci ned to forma rretal contal n| ng or

T 1 T 1 T 1 v T



The met hod by which the oxide is contacted with the el ectron-w thdraw ng
conponent, typically a salt or an acid of an el ectron-w thdraw ng ani on,
can incl uae,20twm2498 not limted to, gelling, co-gellingpcirmse@gnatsydn of
one conpound onto another, and the lidee. Thus, follow ng any contacting
met hod, the contacted m xture of the solid oxide, electron- 30 w thdraw ng

ani on, %Qr&péllcogﬁhpﬁ%&ﬁlbe'33-Hmenib§reﬁah%dﬂﬂ{3red 5-mentbed 4-h@mb¥dedCor 7-
acti vat or-suppor ., Chemcally-treated solid oxi de) t hus can be

pr oducemwespd@ws%smp¢%s @fghis nyenti 1/ 002498PCT/ US2010/ 001843 44

1) contacti NGy Zecofdahdd \Wfﬂ SRR aspeed dﬂhl?l(dvg@tﬁ)n E} fsrh lﬂfﬂlgﬁlg%&[ﬂfhv Wotthdr awi ng
ani on source COJX%SZ;?J] Or Corggunds to forlm §t m Xt ure; g
t

cal ci ni fgmle>E Rm xwhereint Iy fin Crariheand 4 | al'tS‘x]ilée a%fclﬂii@&tl‘!ﬂﬂﬂx dhprod t .
Acco rSd' }ogar@ﬂoérggﬂ hﬁﬁl&? G f1 8 thx%oH k. Sﬁﬁrﬁr hl&‘fﬁdﬁ% > up 082 IbA aR)?x(Asd e

activat or-suppor y treated soli1d oxide]J i's produced b
process Foormstansé, Ry and R" 11)1dmm!eady icam) be s or A alkyl, ddkeppl (e # @ar@maues)

with a fhrgt edrg.gl gs%vnamgrwoqg cfamoﬁm&urmssmm%ﬂmﬁ&gf& Rs b {5t

mi xture; mxture to ceaca first
mi Xt ur e;suitable “aryl” m@jties dort BES iand/ot RE" Gadluderpenyl; t0$)t1 bnnxyludenqullbheayls econd

2 Coal crEMRBOPRENLIBCANEN, PRoSMSE sHANRAI pbBy LI IREE S o il 5 AN
Accoradi rig oheaspett, RHﬁIambR ésmi}:pbndeﬁtly mh@ramsatkyﬂ a temngingliabienyl; hearyl group
chemcally-tre & 1o OXI Qerrred g Al the
solid off lélg\}W?% (?f‘f’é oé’lag% cﬁ‘SB?M ﬁg c}% FEE %’@ﬁ‘bbﬂﬁ lere the
sol i d oxdtlie, p}@ﬁylpbmsll |psm§:allekyle¢le1h91[ ot1l, xﬂuyu ﬂg:;yl Oe’theifyl q:*roﬁfﬁyl;cmteayltl ng the
electron-w t b ani on sour g]b%er e1 t hgl’bst ntI| al absence
of al uniRFBAHedexBY a“r‘iBtB oRCERY DPﬂEH G- cP > CBRE6ni'2i ¥y i oni ¢
conpoundgother aspe@akt?i‘ Ahd g”é‘f art lie §aﬁe§i§1&ﬁar8 @ieﬂ@l oath;d,epxgpyle badyi yeitsl, @@nduct ed
in an anbi ent _at npspher e, %pl cally i

|ent at at a
t enpht atRiewyls i slkproter stpseicat ‘sa%sawp 500a Rands Py band ors @Fste?asaf 1
m nute tm”"amm”"m(at&ﬂﬂmalkgﬁshgkdﬂgnﬂvﬁgn kes GopGmERd at a 20 tenmperature

of from about 300 C to about 8 or. alternatjvely, at a tenperature of
from about 4dagordgnegwith anasher @spechofdhisinygntion Enés atrideing #aun bavingfhet 30

m nut es f,6,aboutyr B PRUFR/2CRIPCL Ok, RRAHR 24 RIBUR 1% 0,30 ard midBRUARSIy DUS, for
exanpl e, cal cining can be carriéd out for about 1 to about 10 houfs at a

t enper aturachydrocarbphgratobavingse © 0sagion atonssw, aifernatiyel.ipt tal qarhen{siQEmRit
at ”?P cf? ifidhcD SR 2P 19 g2 yp i 3CQﬂ&e$le£Heﬁﬁ1y SEPEERY! Yn a&gﬂ 511 Derd
cte n i nert

con i n an oxidi'zi Ag af nosphere, such as air. ter
at mos phegreyp lsamlrg s toné tarbose Atoots; alnegrmvelar REE RAUR'AG and REE phé&pendesﬂy:h as

hydr 0gen..ah, qul ﬁtﬂ slg?oe Xl %3 E’éf %%gngASg géntqéng dtatltgm%{]?%gslgm'[R'w the

present |nven o, sdur cé of
hal i de iR, and IH‘ﬁmdepemdenﬂy can berlﬂblmmlhyl,oethyj;‘ prapylons butghtaltemativeyy, tR'&at ed

I e e T e T e e S
oxi dzs anxﬂm‘%ﬂcaﬁBmeer dieratiesdy i 'th Ré"’snﬁ? @ed Bf*“sad Beheth(tt er mad a "sul fating
agent”), as 1l1J rtlgc%ré%ncecmt}? gulloqﬁerla(s)gecg tfet{:ns 1nvent10nC %L (1)sre{ lgirllcpggnga oup h:}\/mgathg ource
formula —SiR'?PR"*P—SiR'ER"*E—, wherein R'?P, R"*P, R'*%, and R'*F are independently
H or a hydrocarbyl group having up to 10 carbon atoms or, alternatively, up to 6 carbon
atoms. Accordingly, in aspects of this invention, R!?® R13P R!?E and R"E independently
30 can be H or an alkyl or an alkenyl group having up to 6 carbon atoms; alternatively, R'?P,
R"P R”E, and R"E independently can be H, methyl, ethyl, propyl, butyl, allyl, butenyl, or
pentenyl; alternatively, R'?P , R”D, RIZE, and R'E independently can be H, methyl, ethyl,
propyl, or butyl; alternatively, R!?P, RPP R'%, and R"E independently can be H, methyl, or



WO 2011/ 002498PCT/ US2010/ 001843 45 of fluoride ion (termed a "fluoriding
agent"), or a conbination thereof, and calcined to provide the solid oxide
act i vat orwousefaek49aci di ¢ acti vat or-supports i ncl ude, butrcaris2mooisusm t ed
to, brom ded alum na, chlorided alumygp, fluorided alum na, sulfated

alum na, bromded silica-alumna, chlorided silica-alumna, fluorided

si Il ca- ahyMlaf@matiuely, R PARSP] R EBa4 RIPF B be 1D PaREThARALS RITPCRIRI R'€0BAA,

chl orided,silica-ziTconia, fluorided silica-zirconia, sulfated

si licazik csanBe methybri ded silica-titania, alunmina treated with

hexaf | uor ot i gANires &4 ghd RIldnGRe SRALFA g@hymnmlﬂae Jeide Wdbgndently Hor a
hexafl uorotitanic acid, silica-alum’na treated wth hexafluorozirconic

aci d, silyfresarhylgrpvmhavieg e do WA chrbem afomsorroeltemativelsichaying wrigr 12 eerbon

bor i 3- al i Nanccdldifdip 1 CREERI MR 0 ShdeAll Rt PRACH ! \Dgobg €2t ed
withtetr af | uor obcl)rglqg’ acid,’ al ’unl1{dna treegt eg&vﬁp‘%ﬁ o hefgpfiuc#g%ﬂ g%ori c
aci d, a havingup &8 edrbgn atems lsuelsasafopiekdmple dlybgronps: ithéthyli etbyl, propylobuyll y
treated jth £lpden kRl i fie r 1€, phesp a i t her

al um nopho ﬁﬁ)at ggy ’oglt%} E)na% y ?lr?g%e%fiﬁt{’ﬁ{ s’uII{f’agej Qﬁ 8ori?rgggae§§néc%ml}gri de;
or any austhylnethylopropyl, n-hetyhitduty], cEbexhewhiledn ptief atpeets,R AR TR amd Rippor t s
optional | y. N i JIBL.ak 14 . pithe .chem cally-treated solid
oxi de cglfly%lgé:%?‘ls)egtelggp ?Iltﬁ)gPWdie:% egzo % i(gxi]ge’ I|?‘n’ a[nﬁg{]f%ap (r:r'ﬂe()}k Xr’i néatﬁlgltyti cul ate
sol il®. Ri& K1, R, ankeR ' "seh belt-btykle can be forned by contacting a solid oxide

with a fluoriding.agent . . .Thesflugiide ign _can be ded .to the oxide b
fornming a sl EtrlF f}&g?rg@ﬁtgd &2 ?%(63 a?cﬁﬁamgfﬁcflgﬂﬂg cg'bg?/g’ﬁ&’ Eﬂclhge%y PR PT o%/
\l/ovat er | nﬁithgdiri]mgmnbla]t(quPd Iﬁ‘hin‘iaal‘i and RHéndependemtly dunce & af bllanylan?m@e_t s N

ecause 0 eir volagility a ow surface_ tensian. es of suitable
f1 uori di®RY °§it5é ﬁTPSCtF’n‘?f if‘&e‘?‘y Halopgtd %‘EYC("SWE; teprgit ﬂﬁﬁ%ﬁ% ridging) (HF)
anmoni urgra® hidvirpr the ot BE A RIMTOH, uiheldil IEYDES eor( HARIFR)'?A AR uime
tetrafl yo obg{a e_( NH4BF4) ﬁﬂﬁbﬂiUﬂ%§i|iCOf|u0ride (hexafl uorosilicate)
01\ 1P147%epgnden ARG &thath | IO rsEly RERtEl, RKMPREIY L. 19SAf 1S dleeYlani ¢
aci d (Hzf Nbudéhyi Epeatoniio heteny B Mb | Shtenyl) iR , ,

( efr{d) propemyy YI(DIE-%,% F%l?, X g& l?\iIeR]%q:A tdnlyI\bhenhil, F&kenyl, phenyl

hexaf | uorozi rconi c acid. ¥ | 1F4, “anal ogs theregf . and
conbi nat'®Pi¥her beneylealiternafively) Eccandie britgmgravenm havingithe fomalagt-68 cBn te

enpl oy edR PR exappbRin RAPOIR 'S REC bifd woCi de (hihlahy CABNoPhmedifdoRS the
fluoriding agent, ,due to its ease of use and availability. . °Lf desired,
the sol iaemstively, ES cen batachridgingngrauy having e rfgrmaent SIBUT Rig—t9iB “ARI & ni ng

st epy A%e;giyﬁrzp,qglmg K’lgi’egﬁd lgap%pilﬁe%&d&}é%r}p&g‘géﬁ{wpont acting the solid oxide

during the calcining step can be us r exanple, in addition to those

=

fluoriding adentlinitieg exantpies gfravé-tetallgcene Zompeiinds hheng faemilac(IF)| thasrarali ng
agent s e et ied XS ERoRk: Y RLALL e B A8N:fidd Wb Hhipggagent s useful

are no

freons,
rifluoroethanol, and the

regpgeneral |y nmust be
f/ 002498PCT/ US2010/ 001843
r fluorine (F2) itself
}%ﬁile calcining. Silicon
af | yoroborate (BF4") al so

L

in this aspec nvent1 on 1 ncl ude,
per fl uor ohexar uor obenzene, fl uorone

| i ke, angpgget ' pgpeof . Cal cipgy
hi gh enough t o deed®npose the conpound and

46 rel ease fluo ide.zﬁgﬁeous hydr ogen fl uorife (B
al so can be used\w tHe solid oxide if flubLige
tetrafl j.d n onpounds cQm, Al FHRgte
R AVeni ent net hg%f , solid oxide with
t+=+s to vaporize a fluo into a gas 5stream
used to fluidize the solid oxide during calcination. Simlarly, in
anot her aspect of this invention, the chem cally-treated solid oxide
conprises a chlorided solid oxide in the formof a particulate solid. The
chlorided solid oxide is formed by contacting a solid oxide with a
chloriding agent. The chloride ion can be added to the oxide by formng a
slurry of the oxide in a suitable solvent. The solid oxide can be 10
treated with a chloriding agent during the calcining step. Any chloriding
agent capabl e of serving as a source of chloride and thoroughly contacting
the oxide during the calcining step can be used, such as Si Cl4, SiMe2Cl2,
Ti C14, BC13, and the like, including mxtures thereof. Volatile organic
chloriding agents can be used. Exanples of suitable volatile organic
chloriding agents include, but are not limted to, certain freons,
per chl or obenzene, 15 chl oronet hane, di chl oronet hane, chloroform carbon
tetrachloride, trichloroethanol, and the |ike, or any conbination thereof.
Gaseous hydrogen chloride or chlorine itself also can be used with the
solid oxide during calcining. One convenient nethod of contacting the oxide
with the chloriding agent is to vaporize a chloriding agent into a gas
streamused to fluidize the solid oxide during calcination. 20The anount of

oy [T o o




The silica-alumna used to prepare the treated silica-alumna typically has
a pore volune greater than about 0.5 cc/g. According to one aspect of the
present iwoenti/on9st he WO 2011/ 002498PCT/ US2010/ 001843 PAT/(se016/00343IME | S
greater than about 0.8 cc/g, and according to another aspect of the present
i nvention, greater than about 1.0 cc/g. Further, the silica-al um na
general ly has/=a XS area greater than gbo ] n2/ g. According to
anot her aspect i nvention, the surf Js greater than about
250 nR/g. Yet, \ her aspect, the surf is greater than about
5350 n2/g. i ca alumna utilized ifn t Iesent i nvention

95% by wei ght .
i na content of the

Accordi ng to greA8pegt of this invention,

silica-al um s )y about 5 to about 5 about 8% to about 30%
al um na by we hi gh~s Naa=/content silica-alumna
conpounds can_10 e -oned in which the alugina content of these

silica-alum
from abdtBuUGE

ds typically ranges 3 Mt 60% t o about 90% or
8894 al um na tBUW gl AgfortdBng to yet anot her

solid oxide cor nt conprises silica wthoot &l um na. 15The sul fated
solid oxide £ sul fate and a solid Nponent, such as al um na
or silica-al\ ; the formof a parti ofid. Optionally, the

Ion such that the cal ci ned

sul fat ed OXIde |s treated further with a netal
( g esaspect of the present

sul f at ed oxi es a netal. Accordi
i nventiopg, iR P |d oxi de conpr ute and alumna. In sone
i nst ances, &? ‘- ed alumna is forneﬁe‘ acess wherein the 20

alumna is i é%ﬁ|a sul fate source) ; tggﬁ , sulfuric acid or a
sul fate saIMe§Uc« as nium sul fate. Thje PLOCS Bs general ly perforned

by fornquja Sy ef the alumna in ol vent, such as al coho
or water, 1n @ feBY r ed concentr aty »—dtBY at i ng agent has
been added StH e=0r gani ¢ sol:vents inc Ut/ are not limted to, the
one to three carbon alcohols because of their. voIat|I|ty and | ow surface
tension. 25 A o one aspect of this invention, the amunt of

sulfate ion prase
by wei ght suMﬁ te Yo to about 100 pa
to anot her ﬁecS|of {2rCs, i nventi on, of sulfate ion present
before cal cin s A i ts by weight sulfate ion to
about 100 par BYOweight sol i d oxi dggegdnyg ag ding to still another
aspect of this ' > Q0 _qbout 30 parts by wei ght

sul fate ion to about “I00 parts by wei oxi de. These wei ght ratios
are based on the weight of the solid OX e-0r e cal ci ning. Once

i npregnated with sulfate, the sul fated oxide can be dried by any suitable

i 4 not limted WD 2011700

jgout 0.5 to about 100 parts
ght solid oxide. According

suction f-BUtT\s otBd by evaporati ofy_« gzunder vacuum spray
drying, andPhie JIRe, although it is al sphposg e toinitiate the
cal ci ni ng stepSimedizaCil y. Accordi ng anozha aspect of the present
i nventi on, Ve adt ator-support used i nMg epar %e cat al yst

conposi ttBuRs n t?ﬁl on conpr it8es Q hargpable 5
activator-supp ¢l uding but not [im}y I cate and

al un’nosi licate co pounds or m neral s, | ayered or non-| ayered
structures, and conbi nations thereof. In another aspect of this invention,

i on- exchangeabl e, | ayered al um nosilicates such as pillared clays are used
as activator-supports. Wen the acidic activator-support conprises an

i on- exchangeabl e activator-support, it can optionally be treated with at

| east one el ectron-w thdraw ng ani on 10such as those di scl osed herein,

t hough typically the ion-exchangeabl e activator-support is not treated with
an el ectron-w t hdraw ng ani on. Accordi ng to another aspect of the
present invention, the activator-support of this invention conprises clay

m neral s havi ng exchangeabl e cations and | ayers capabl e of expandi ng.

Typi cal clay mneral activator-supports include, but are not limted to,
ion- 15 exchangeabl e, |ayered alum nosilicates such as pillared clays.

Al t hough the term "support” is used, it is not nmeant to be construed as an
i nert conponent of the catalyst conposition, but rather is to be considered
an active part of the catal yst conposition, because of its intimte
association with the netall ocene conponent. According to anot her aspect of
the present invention, the clay materials of this



20 invention enconpass materials either in their natural state or that have
been treated with various ions by wetting, ion exchange, or pillaring.
Typi cal | ywotzha/owkeg materi al activator-support of this PoTarské1000Bahpri ses
cl ays that have been ion exchanged wagh | arge cations, including
pol ynucl ear, highly charged nmetal conpl ex catrons However, the clay
mat eri al acti ves orts of this inve enconpass clays that
have been ion mnth 25si npl e sal nrng, but not limted to,
salts of Al (I : Fe(III), and | i gands such as hali de,
acetate, sul QE nitrite. 8 anot her aspect of the
present i nvenpjpon trvator sup E pillared clay. The
term"pillare used to refer to/' erials that have been ion
i yprcally pol ynucl y charged netal conpl ex
f such ioRs includes =€ not Limted to, Keggin

i ons mhrch can have char ges such as 7+, various pol yoxonetallates, and
ot her large i r ‘ o0 a sinple exchange
reactronPBu extBangeabl e cation$ A4y material are replaced
har ged i ons, such aspkeggrnN ons. These pol yneric

MDZﬁD$1/002498PCT/U82010/ 1843743, i mmobi | i zed within the
De €1 ay and when calcrned”hre pfiverted to netal oxide

Y =7 um-1| i ke

cations arepé
interl ayers
"pillar &;Bu-ef
structures. ’
supporting prIIars pet ween clay | ayers, the expanded | atstice structure is
e P -.|ng pores 5 can vary in

per0sity is enhanced.
shape angd . w gn of the Qrél 2 and the parent clay
mat eri al éﬁ A es o prIIarrng an |g&§ are found in: T.J.
Pi nnavai a, ™G > 64595) 365-371 (1* .yl Thomas, Intercal ation
Chemi str ‘azon and A Jaces B2 3, pp. 55-99,

2,910; U.S. Patent No.
4rBU No. 4, 060 $es of which are
B/ by reference in the y. . The pillaring
s clay mnerals havrng exchangeable cations and |ayers
capabl e of e Any pillared clay t hance t he pol yneri zation
of ol ef i BBuf ysBuconposi ti arBw CQRB t-Bmventi on can be

a

Academi ess
5, 376, 6§fﬁfa

10i ncor por at
process utiliz

(1972); U S ekynr

used. Ther afier e, (table clay mnerals ﬁﬁL\p ring include, but are not
limted to Syphangsci,smectites, bo%h\26£6tahe recl, (Al) and 15
tri-octahedr ) and derrvatrves ther Swch’as fontnorillonites

(bent onittMs 3 y hectoritesBua ( | oysi tes;
vermculites C uoroni cas; chloritle ayer clays; the fibrous
cl ays including but limted:to sepiolites, apul gites, and

pal ygorslciteg pentine clay; illite; ite; saponite; and any
conbi nati on n one aspect, the Qi ay activator-support

conpri ses hemtonit nmontnorillonite. nci pal conponent of
bentonite I8 it N |IIon|te The M ar’ed cIa can be pretreated if
desi red. ! pillared bentetite éated by drying at about
300 C under atnDsphere typi cal ) nrtrogen, for about 3 hours,

bef ore beinj/
pr et Keat ment'sk.s /i bed herein, it shows
preheating can be carried 25 ouf at many other tenperatﬂres and tines,

i ncludi ng any conbination of tenperature and tinme steps, all of which are
enconpassed by this invention. The activator-support used to prepare
the catal yst conpositions of the present invention can be conbined with

ot her inorganic support materials, including, but not limted to, zeolites,
i norgani ¢ oxi des, phosphated inorganic oxides, and the like. In one aspect,
30 typical support materials that are used include, but are not limted to,
silica, silica-alumna, alumna, titania, zirconia, magnesia, boria,

t hori a, al um nophosphate, al um num phosphate, silica-titania,
coprecipitated silical/titania, m xtures thereof, or any conbination

t her eof .



WO 2011/ 002498PCT/ US2010/ 001843 50 Accordi ng to anot her aspect of the
present invention, one or nore of the netall ocene conpounds and/or hydrogen
scavengi nyocatialog®ss can be precontacted with an ol ef i nPeDS2EN0/00r3d3 an

or ganoal um num conpound for a first period of tinme prior to contacting this
m xture with the activator-support. Once the precontacted m xture of the
net al | ocene onposnd and/ or hydrogen sca¥eqQgi atal yst, ol efin nononer,
pound i s contacted /ctivator-support, t he
conposition f \ onprising the actixﬁta port is terned a
"postcontaw@eqé. i zyfa The postcontac gixtu 2Bﬁan be allowed to remain
in furthercanr's Fl2 second peri ~ 2t o0 being charged into
t he reactor i be carried out.

10Accor di ng d®U on, one or nore of
the metal | ocen€ coupgunds and/ or hydrogen =Ng cat.al ysts can be
precontacted with an ol efin nononmer and an _activator-support for a first
period of ti i 0 contacting this nfxtiye h t he organoal un num

conmpound. On ontacted m xture of
hydr ogen So@¥eng catal yst, olefin NDIRHEr , 72 d activator- 15 support is
contacteQ;M%%;Sﬂuac) poal um num conpou Sihe cgrpigsition further
conprisifg t ohgatfoal Um numis ternéd bpost gOnt act ed” m xture. The

¥ m B\ Caghe all oned tBu-L L ) untdipr contact for a
second peri oy 4 prior to being intrigduces yo the pol ynerization
reactor. 20 ORGANCAEUM NUM COVP®UNDS n soffe aspects, catal yst

¥ resent invention can conprise one or nore

ds. Such compounds can include, but are not limted
he formula: (ltc)3Al; 25 where RCis an aliphatic
0 10 carbon atons. For exanple, RC can be nethyl,

t o, conpounds™™ha
group havinahixo

et hyl , prepw Zr bxyl, or isobutyl. O her or ganoal um num
conpounds_wh hbe used in catal yst conpositions disclosed herein can
i ncl ude,t iAtrBed to, conmpounds having the fornula:

Al ( XA) m( XB) 3

! 0 Waese XA is a ByFHRGRERY hny HhbifatidR tRhéd?xi de or an
aryloxide, a halide, or a hydride; and mis from1 to 3, inclusive.

Hydr ocar byl iltsis alse dontemplated tthat splakyftt spmponspd | exmnedseitise adindasd gewllereand

i ncl udes i .mied to, aryl, alkyl, cycloallcyl, alkenyl,

cycl §al ﬁg‘ﬁ?f*‘?“d&f}‘ﬁﬁggﬁ“@é’gﬁ. {é‘?{w , WD 2011/ 002498PCT/ US2010/ 001843 51 al kynyl ,
aral kyl, aral kenyl, aral kynyl. aRtd the like, and includes all substituted,
unsubstituted, branched, |inga)y, and/or heteroatom substituted derivatives
t her eof . I n one aspggt,‘“ﬂ i sx& hydrocarbyl having from1l to about 18
carbon atons. In another aspect mf the present invention, XA is an alkyl
having from1 to 10 carb®f atps. Xor 5exanpl e, XA can be nethyl, ethyl,
propyl, n-butyl, sec-bgs WiR* or hexyl, and the like, in yet

anot her aspect of the pregent—rQuention. whereiﬁpcording to one aspect of
the present invention, XB is an al koxi de br an aryl oxi de, any one of which
has from1l to 18 waist®wer Hf.ons, a halide, or a hydride. In another aspect of

the present inventjon, XB i.s, selected ingependently fromf]yorine and
chlorine. Yet, i nseiﬁ’éq'n& ﬁr&mde?gf)‘?él(?f‘t?y g(éj:lin]gr’ E’ﬁﬁeﬁﬂl’r@?ényl’ or mffdf‘r‘Ht he formul a,
Al (XA)n, (XB) 3,, nR'san@RhaehedepérdentlylHtod as alk)) alkemylyer, argingotptpivinglupyte m i s

3. The value of mis not restricted to be an integer; therefore, this
formf a incl Jd&arbeRagBhal i de conpounds or ot her organoal umi num cl ust er

conpounds. R® and R* are independently H or an alkyl group having up to 12 carbon

atoms; and
R® is H or an alky] or alkenyl group having up to 12 carbon atoms.
In formula (A), M is Zr or Hf, and X! and X? independently can be F, Cl, Br, I, benzyl,
15  phenyl, or methyl. For example, X' and X* independently are Cl, benzyl, phenyl, or methyl in



Exanpl es of organoal um num conpounds suitable for use in accordance with
the 15 present invention include, but are not limted to, trialkylalum num
conpoundswoadnaldeg49al um num hal i de conpounds, di al kyl al urcCmorse@bloosuzie
conmpounds, di al kyl al um num hydri de coggpounds, and combi nations thereof.
Specific non-limting exanples of suitable organoal um num conpounds include
trimethyjnal, sﬁ%m& TMRhsiord. rlnesnmﬁtaaw@atnxmrﬁ%}ldeﬁdenﬂ RFcOHME I pHEh LM
(TNPA), tri-n-butylalum num (TNBA), 20 jriisobutylal um num

tri-n- heatwe&wdm?(ﬁum anpther #spegt §atiaKlaid X ran e Coalamatival nMOH\P%m e,

di et hyl ale4ha ralemgxelg%otﬁxeaﬁwkabm%ﬁh bpm&@mv@@db&ﬂ@(llahw of
conbi nat 1 ons "t her eof n sone aspects he” or ganoal uni num conmpound
conpri sasetiVn, TEA, TNPA, TNBA, TIBA, tri-n-hexyl al um num
tri-n-octylalg o B, Qhm o2 HAERALINE Y grpgm i ses
TMA; %éu t er nat nge Y, corfai)n?llges T%g&&&f?ﬁéékﬁ{a%el vrg ay, cgﬂr%grlns%s Th L
25al t er reditenylebyarybgrapp hadeg TINBAL2 eﬂrbcmramans v@rynst@@mcﬁ i andR vmendently

al t er nat I r| t Y. npri ses
ri n okl el SEEE REE drbbacoydRAGh MELR Mool ol SEAR b5 Yaneht
precont an'Opengl &umylabémm&eaemmmmnahcbbmnylanhlyawagiecﬁwb ahemdi bepzrlat al yst
wth an anoal i, Ny ound ol.ef | Q

precont ac maphtlghl ahd t?’lgtli)rg t(ﬁ;n 2(izcocr? "%‘Wlth G{]%Sgg‘!r}é)gglﬁletgg%enpmpeﬂfol?fe 30 with
an am i vzantldtz-aw mdepdndemlyfmemyla ethat, epkqp&t botyitrmolmnyl pmpekylebuteid, meateally st

conp05|t|on p d in_ this manner no ecessarily,
a port| ’t%ﬁgzyg ézgﬁ‘gylum %358?Pﬁ‘§u]n{d S aﬁaeél ePenIa gh%r’é‘ et% ls
m xture 1&6@1 aﬁl@ilhﬁﬁhtypd’feb{yloetheﬁyllﬂerpdmlygEthBﬁj'lupﬂnltﬂmm ©o hpe@upd Insreadﬂbddert o the

post cont act epar,ed e I‘ECO a ture i

D011/ 00PABSBAR A0 767 g Aoty TIERYL-Eeel 6 P Fbebrroprees R e
activat Cllz'lﬁﬂﬁr?ﬁﬁlfehtly fd@\m\ﬂ%thyltﬂ?epdﬁm, biiteny),r;@ﬁt&ﬁy?ll %ﬂ&mummmound can be used
to prepare t ecata yst conp sitign in |t er the preconta g0

post bont act i RYOEREHS 2 f}é‘rﬁ’é ‘@e“yélaf’ fhyarepy gey ca&lo%laﬁ%.l#{] Oéi‘r the

cont act eilidrdhyR gup IR Earsd RD areﬁHﬂépQﬁdenthH 6r 4h ﬁ‘lﬁﬁp@'@uﬁ) heane ap 4N peabepnpound
can be used in either the 5 Jrecont actl%(‘}?or t ost cont actl ng steg When
f

an or gandsemunhenerdiegiddmd R sndapardentiyc etIiI’p‘P%‘hﬁlt eth¥l, progul, Bl perty
or ganoal plal YL GO "RHN GoR1S Gk Qﬁeeg hed Ethé‘ 1HkBC! HGohbashRtd I RampIm® st

or ganoal um hum ¢onmpound used in ﬁr econt act ed and post cont act ed

m xt ur esindepaudeatly mt:hd’i tqtlwhmromﬂgahwll Erh\“ﬁ At kexirb ohilg 1 gthetiaspects, Re and

POl VP! | ol Gy F&egﬁtgrg oF BB 0¥y elafiofl, b U 10McaRbAANBR BBy,
conmpounds are drsc ed regardl ess o her si ngl e organoal Uhi num
conpoundbatk RierdeR tdam e bhetybr ganoal uni num corrpound is used. ALUM NOXANE
COMPOUNDS Th t. hiion
i chcan cont PEevaip pBHERY Bl KN P e A AR ERTRNE 1 T

"al um nooastrom"atones. eR*scandbeafon instemee T m@hpwhbdspronﬂmwyh, pérdyls hexyl,heptyks, or
di screte eC| e rdless of noxanes are ared, . formed
or ot her® g\‘)?cd'g%%e%lr PIOREh 2 len Fg?ﬂt%yv XTSI b%C?engﬁﬁlPrlwg hg an
al unwoxan@c nile diks. bE@fida, Q{éaseﬂj méthylhetﬁi?l @fdplyl rmxdnethérsyl ppropéngbd as

s 201 h‘é‘h%'t?[ﬂ?garb o ket S sohiess & 1 HoRpotn e G B eBP et  ve

protons geRylas: alinativel)RIME aﬁe@@nesop%ﬁﬁ Bltan1, pehtenyl Sibxey1 a8 heptenyl.
pol y( hydrocarbyl al um num oxi des) . 0LQ naoql u noxanes. The ot her

cat al yst conBRBHIE asPestcay|least ‘é.‘?'ee°f mRa R vt W"l"lll%("é) Hﬁr?f‘r?&?&ﬁlegrf’w 'a

sat ur at egichYA! g6 mRcS Caﬂmyﬂ Gor&pinyE NButenly 1) Qie@Rn AN YhekétlyY,ERdptdny Bt odtényl,
substantlally inert to | s s
30 nonenyl, or decenyl, and the like. At least one of R', R®, and R’ can be propenyl, butenyl,

pentenyl, or hexenyl in some aspects of this invention.



25 reactants, internedi ates, and products of the activation step can be
used. The catal yst conposition forned in this manner is collected by any
sui t abl e wotzhod02498r exanpl e, by filtration. AlternativeCy/usthe/ocesunl yst
conposition is introduced into the paoliyynerization reactor w thout being
i sol at ed. The al um noxane conpound of this invention can be an

ol i goneric alNéRlimitig3xamPIe VFsditsTBrit Sdd NbethllRend c&hﬁ&ﬁﬁi@h@ﬁn Fyehuls
structure C&r cage. structures, m xtures of all three. C%IC

. or A
al um noXahdndwlsphe fadowing i sHycree (thsssraempoundyarspabbreyissed apdMb Tib2o 2wt 001843
53 --( AMEDAB, kesPedBv¥Eh®IG. B:in this formula is a linear or branched al kyl
having from1l to 10 carbon atons, and pis an integer from3 to 20, are
enconpassed by this gxyention. The Al RO noi ety SheWwnfiere al so constitutes
t he repeati ng i «’- &l near al um noxane. , linear alum noxanes 5
havi ng the for ' Y RiAl-0-yAl 1q ReR werei4f'R in this fornula is a
| i near or branched [“Chaying from 1 R c F'b%p atons, and q is an
i nteger from A 2kS0 enconpass bq bis i/nvention. Further,
al um noxanes ¢ structures® & a\| e5, - +aRbr - aAl14, 03r,
10 wherein le’is \a nal |ineaad or br #kyl gr.oup having from1l to

10 carbon at - Rbis a i dging |inear or branched, al kyl group _having
from%l to 10%3%? bwgafd?%%”"l‘?“%scgm%"ﬂm S Cehge FHROEGUR <9 c}‘i‘gﬂ“( )Of-tﬁl‘?lom +
nom wheaglyst doi(pd}itibss dflike piesEne nvelitidnh Mere€RE It §tabe ofdhd Predemnidieatisn  110( 2)
is the nunber  of tgf‘) %gor%er%ﬂhg oxyg%n at oms, and no(4). i1s the nunber of 4
coor di ndt %Oti‘ﬂ){jgltf’ brideed enesof rmBledfd omla Pkl gdowmi @Yed in the
catal yst compa&iviseQisbridged Metalb@KE BbmpoMBHEAnOKE @@ if BRAI9EBMpEnGeneral |y by
formul as, such as, (R Al- )Rg R(R- A1- 0) gA1R2, and the |like. In these

f or mul adhe PrREeIR Bretion; s Repissentativg unbnigrda orapounds ithe alkenylcobatitents such
as @t hytholuddt bitlare ddt BRYtkd tPUt I, pentyl, or hexyl. Exanples of al um noxane
conmpounds that can be used in accordance with the present invention

i nclude, but are not limted to, 20 nethyl al um i al um noxane,

n- propyl al um noxane, i so-propyl al um noxane, nb, m noxane,
um noxane, 1-

t-butyla xa ec- butyl al upd noxape, i so-

pent yl al um noxan pent yl &ux’n - pentyl al um pexane, -

i sopent yl al um noxang, cneopentyl al umn , and the fTRe, or any
conbi nati on t her eof #2\et hyl al um noxane, Let'hyl al o ane, and

ne

. . ClI .

i so- but yWal no are prepared fro PEmet h§l alurd num 25

triethylalum triisobutyla { resp . \and sonetines are
referred to as p met hyl al um num o e),, poly(ethyl alumnpnum oxide), and

pol y(i sobutyl al um pum oxi de), respectively. It is also within the scope of
t he i nvent to~uge an al um noxane in WD 2011/ 002498PCT/ US2010/ 001843 54

e,
) @
and the like.

or ;



conbination with a trial kylalum num such as that disclosed in U S. Patent
No. 4,794,096, incorporated herein by reference inits entirety. The
present iwoenti/omsont enpl ates nany val ues of p and g i rCThS2@boOmsadXxane
formulas (R A1-0)p and R(R-Al-0),, AlR2 respectively. In sone aspects, p
and q are at least 5 3. However, dependi ng upon how t he organoal um noxane
i s prepared, mh@rnﬁtdnd@ddmblﬁﬂ&ené REmP&Inde cai bp eaiplbydd GARoMPEYenMI LTI the @
single sa le of alumn tﬁane and such corrttzl natl ons of ~organoal un noxanes
are cont$ éﬁ&%ﬁ%@%@%ﬁ of the present FPVﬁPté‘i?arW§ ofe.the sgope of thsprrsentiipysation

cont ai nl@gotaiﬁuehwnhe@ﬁ&mgedhfé&u@@énarspéc?éslpﬁbvmedtab@vet otal noles of alum num
in the al um noxane al um noxanes)_ to the total noles of 10 netall ocene

conmpound(s) REPIERHE Wﬁﬁ’(‘j’gﬁq W?%“Wé?dame? lpesngcempapsist and methedsl ohibout
100, GOO:pk odukﬁg%ﬂéﬂ E@ﬁpcﬁ%@@%hlcﬂ Hﬁy B leftpldyad iPsdnfe 552 %egﬁﬂgsemfvérg‘[@yaal?@ ut 5:1

to about 15, 000 ti onal %1961 um noxane can to a nmeri zation

zone i n disglpgess it e BatstiNos. 495881, 41236 886.u1: 31]?02@ Aef56.243.r bAe&HGuand. 1 ny/ L
to abouty ﬂi@@3§%$d1sﬁ$suﬁ‘ésm%%e ﬁtcﬁggtlateﬁ(ﬁet% St?reir%penrc@ {ltheir erg(ret%p

150r ganoal um noxanes_can prepare vario procedur es. | es of
or ganoal um n&t@ﬁﬁ@e@%ll@pwaomnsn @Cbldmelhelfeelld“ncnﬁl@ cyelidiny! ddogpoudds242, 099

and 4,8 0 re

cef er en%gn ?g 11% el?%agﬁf%&ﬁgin@@ofgfeﬂﬁgh%%n@Erﬁleﬁtﬂﬁl :;112(9 Eal.%il gm??unds mctnl{dée sol vent
can e rbuhere adt lwpitad tostherfolleivingn al kyl conpound, such as (Rc) 3A1 to form

t he desired organoal um noxane conpoungd. While not intending to be bound 20
by this state is believg hi's syntheti od can afford a

m xture of— and cycI

L - 0 al umrn@/xa Ci es, bot h of which
are m..m,,u is invention.

. Al ternatively, a,J noxanes are
prepared by Teacting an al um num a Tkg,,éﬁrrpoundﬁc/sﬁ\m}% Al, with a

hydrated salf., such as hydrat\ed Pfate, in ap inert organi C
sol vent. 25" ONFRBORON C&RPoUNDS ccording to anot her
aspect ofl'the ;@€ i.nventibn, the catal yst conposi\tion can conprise an

or ganoboron or or ganobor at e conpound. Such conpounds include neutral boron
conpounds, bo)r* ts and the |ike, or conbinations thereof. For

Erarars

exanpl e H@g fYuo™0Or gano boron conp nd fl uor porgaro borate conpounds
are cont enpj® ted Ty Any f | ugr=en ‘: gano borate
conpound gdn A ;? lhak O™ rrpl es of

fl uoroorgano bgrate conpounds that can be used in thel present invention

i ncl ude, but e not limted to, hyaripated aryl bofales as NN WO
2011/ 002498P/C?<U82010/ 001843,55” \H'8L| & Cﬂgpn

di met hyl ani | i ni'unt et r aki s(pentaf | uor obhenyl )) bor at7e tri phen§/I car beni um
tetraki s(pentaf | uor ophaiPyb ) bor at e, | i t hi unt etraki s(pent af | uor ophenyl ) bor at e,
N, N- di net hylan Brumtetralci s [3

,5-bis(trif ,ﬂ #t hyl ) phenyl ] bor at e, t ri phenyl car beni um

tetrak| S| Xo-hieftrifl uoronet hyl ) phenyl ] borate, and the |ike, or m xtures

t her eof . ot\HS fl uoroorgano boron conpounds that can be used as
co-catalysts in ti;e present invention include, but are not limted to,
tris(pentafluoro hmgsbt&ron tris[3,5-bis(trifluoronethyl)- phenyl]boron,
and the i mi xt ur st her eof . Al t hough not intending to be bound by
the follow epry, these exanples of fluoroorgano borate and

f 1 uor oor gano conmpounds, and rel ated conpounds, are thought to form
"weal dy- coor di an ani ons when conbi ned 10 with organonetal or

nmet al | ocene conpoundypeas disclosed jn tent 5 9,983, the

di scl os(é(r?e of which i$ ?irstco d(;)t:hg?lg%j(ﬂlku‘e_réeﬂylbﬁ/ efsgPré’Rg inits entirety.
Appl i cant's aFmﬂxemmteedhrphcaéae nidtdllod@r 0dtnpdirde math, antilkddly Bkl OFrous e4KINdS  or

Y gr on or
i nventi

ot her, b|f nct un contai ning two or re boron atonms in the
chentca® ¥Sé o 53 tg‘é IPESERY ‘g‘ﬁ engion. 5 juc ?eSth’eta"?%‘Ss 27, pp.
14756- 147s6h}sedt ﬁﬁ@(@ﬂb&mn ofs. Mt&xhpualdaﬁ&pmermgrdmm%ldﬁdbaooéa‘étﬁd@tence in
its entirety. General |l y, any anount of organoboron conpound can be

used. According to one aspect of this invention, the nolar ratio of the
total noles of organoboron or organoborate corrpound (or conpounds) to the
total noles of netall ocene conpounds in the catal yst conpositionis in a
range fromabout 0.1:1 to about 15:1. Typically, the anmount of the



20 fluoroorgano boron or fluoroorgano borate conpound used is from about
0.5 noles to about 10 nol es of boron/borate conpound per nole of

nmet al | ocewe 20ompawsds (cat al yst conponent |, catal yst ceapaseno/o0dis43 and any
ot her netal |l ocene compound(s)). Accor3di ng to another aspect of this

i nvention, the anount of fluoroorgano boron or fluoroorgano borate conpound

i s fromaabous. Fatedt np;blitsuaxpNa,thﬁa(rqh@&saa%sumrdm/hmraaé Ric6poREdMeper Nl e
of 25 mabaal ocene conpounds. | ONI ZI NG | ONI C COVPOUNDS The present invention
r

further BrioVIAEs ™ E’éteai‘ﬂ?‘}’t RBnpyIce: Girlvth CORPYEA! LEATTIYESa s dimisless ng

i oni ¢ CoomPLd. foffled %mzbﬁégalkéi@ﬂ-ﬁu&ﬁfﬁ%%ﬂoﬁncﬁﬂa\h fermfu® RO Hdnt Bt can 30
function _as a co-catalyst to enhance the activity of the cat al yst
é“é‘l“lt@i/ed t hat

cOnposi 1A KsRY1l- s\‘/\h’fq"&e‘h(‘if’mp?ﬂ”@n‘éﬂvw fogmpla @ay fFampive; digisrept alkenylsu

t he is0NicgmPurids Making FRRAEG)I ﬁoﬁa&@m&ypéubgﬁa@a icBRpYhridhadinFEbAhlI9 ¢ENe
conpound and converting the netall ocené into one or nore cationic

net al | ocBfencikgpybisipstitutsd Gompopnd hevieg forawlac e ead sodere  arpBugtdtve Agai n,
whi | e \mp%géslé&maélﬁ%?gﬂo&&%%%%ﬂd@% bRl fr&mﬁ@fongwﬁl Qq%eéaﬁaﬂ% by
theory, it is believed that the ionizing ionic conpound unction as an
i oni zi ngn%l?swmmyur@@ﬂmlez forule(C and foznuly (R) respectively: an ani oni ¢ |igand,
possi bly a non-al k =11 gand, fromthe rret al | ocene. However, the
ionizing ionic cq an activator oy yst regardless of

whet her it i $Buon metBY | ocenet-BE—a {-Bgand in a fashion as
to forman ion p8h« A pbond i n the netal |l ocene,
sinply coordi nat Eb/cf Negand, or ac&%&t he ‘mptigl | ocene by sone ot her

mechani sm Furt , it is not netes y Bh the ionizing ionic
conpound activate th

tal | ocene commuwng( S UnN 'l[_tﬁj activation function
of the ionizing ionic c can be eviy '

the enhanced activity
of catal yst conposition as a e as conpared O a catal yst conposition

t hatygdoes no%@%ﬁlo@erﬁncdnﬁ%hﬂ& 'ﬂgvihg rf{nﬁmuﬁ:é)gg)o%d lkenyl Fsﬁﬁ&?&e%? ofiftnd ONi Zi ng
i oni ¢ conmpounds I nclude, but are no Imt , ﬁ ? | 'ow ng conpounds:
tri(n- bwvglppealmq*mnyhgrpm@n@%nsk(epw@@twfom@rdawleat Wx(lppubdtay d¥sceiberbimi Wi

tetraki utpyl,
et !S5 pnd i SR A TR gt i e )
t et r aki sapall&-ndi s@shybrpkmnshle)sldmoathgmgl atom bnd ych demosed tonferet pakmuckaf 3 | 5-

? Ietsl(’ ;lr ICTC!S‘?' aHaﬁgoc%ge %]ggge}tg tq’ubl}{f ké dpbﬁ%%%b%ong 1t10nally, any two

t et rlaki sﬁqmaltood:mpmmmmeds Mith- alkengt Rybstituehts rtasdmgt fotmalk i (ﬁ)rrand formula (D),

| ypb di di h ph )b , N,
o ety R R T B YA ksl B R i e Be aeserbet DS

N, N- di mettateyt ApplichtionNo.t121488)680.s [3 , 5- 20

bis(trifluor mathﬁg%l henyl ] borate, .N,N-di net hyl ani |l i ni um
tetral ci s(pefit &P %’p E’K?{bﬁ?ﬂsﬁ‘t%fthf AVGRESTy cealy Bespmipepent I can comprise a
t et ral cibsidged metliodeas;adiRmativdiphanyhrqa E&E ethMbdeRby K hitdmatively Kh)d?ﬂfcﬁ:raﬁ‘,

tri phenyl car beni um tetrakis(2, 4-di net phenyl )borat e, triphenyl carbeni um
t et reki Syefaligceng; faangrhesiaapash Faialyat @mppp?%éﬁwmrwé mrmwllocene compound
tetraki shitaingl & hikédyh qﬁma?etml HRRBRY lh RAbAR dr'd ARG H8GRGERh Tin
tetral ci s(pentafl uorophen borate, tropyliumtetrakis(p-tolyl)borate, 25
tropyl i @ﬁm@v@tqnaalk@(yhﬁltb@nwr)tmraamé:lonen@@nmlum indenyl, and/or a fluorenyl group.
tetr aki (iR ofiodigeiin hahesy/
totr aki ot 5B pRIE EGpA SoualbeSh fdriThiin an glkeny) spbstituent on the

, 5- bi s( tbridging groypréeron| t)l@bmdg}ng ator). alNenlimitingenaimples of such bridged metallocene

tetr Ki

t ot raki SPRERR: hARERY SR BB inkhd HE otlowing stmctres (hese coppqupdy,
tetral C|asa(q:bbte®iaythasﬂ\ﬁ¥>1 -A and(METRIiR: trespedtivélyy indfIGL 1Rt aphenyl)i t hi um

tetral ci s(2, 4-di met hyl phenyl )borate, lithium

tetraki s(3, 5-di net hyl phenyl )borate, 30 lithiumtetrafl uoroborate, sodium
tetral ds(pent afl uorophenyl )b orate, sodiumtetraphenyl borate, sodium
tetrakis(p-tolyl)borate, sodiumtetraki s(mtolyl)borate, sodium

tetraki s(2,4-di net hyl phenyl ) borate, sodium

tetral ci s(3, 5-di net hyl phenyl )borate, sodiumtetrafl uoroborate, potassium
t et raki s(pent afl uor ophenyl ) borate, potassiumtetraphenyl borate,




WO 2011/ 002498PCT/ US2010/ 001843 57 potassiumtetral ci s(p-tolyl)borate,
potassiumtetraki s(mtolyl)borate, potassiumtetrakis(2,4-
di met hyl pwerzyiiydoesat e, pot assiumtetral ci s(3, 5-di net hyl pognsk)loonsue,

pot assi um tetrafl uoroborate, |ithiumaigetraki s(pentafl uorophenypal um nat e,
lithiumtetraphenylalumnate, lithiumtetrakis(p-tolypalumnate, lithium
tetrakis(mtol ypaluninate, lithiumtetralcis(2A Y

i rrethyl phenypal um nate, | it hi
uo,rcgpphenypal um nat e, sodi um

Yl ) ahgim nate, sodium
‘Cl

di met hyl phenyl) al unifigt e, i t hi unt etr al cis(3,
um t et raf | uoroakum nat\e jsodi unt et r aki s(. gent o+

P 3 et aki s(3, 5-
di et hyl phenyl/) a nate~sodi unt et r af Yuo o nat e, pot assi um 10

t et raki s(pent afl uorophenyl) al umA%t e, pot assi um t et raphenyl al um nat e,

pot assi um t el adcosiapdeowitipah aspennbdfethe ieatic, calyst doadpoh&dt Mdak lcyPplisend nat e,
pot assi tetral cis(2, 4- dinethyl nyl))al um nate, potassiumtetrakjs

(5, 5° i ruvAF GRS & e maleet s EA e e Bhche o Bl et & Shirdcs pe

li ke, ormealisbénsatlh ansthérepeeqicatalysndomipagerit @ Bark camptize Unhkialtbeid dontpduidli S
inventiqQn are no g mted to these;, other exanples of ionizing jonic
conpdund@ving formuls (C3) I ¥et 2npther aspegh fatalyst fpeponsntd zgn seyprssp metgliocenesg, t he

di scl osubmpoitid Wling FormiiBa (M OGN AnE6He P&, taldYyst BSHRFRABRE dafl chiigtite
entirety. OLEFIN I\/%\IO\/ERS_ Unsat ur at ed Ir%gct an?gy t ha{lt% can be errp?oy.e%l W th

cat al ystmiepensicomppandiyingdormsly (o iErgheraigrey ffplystcempenent hean GompaEs i on
typi cal laymeafibdede Bhmpbidll GHNRE YHE NI 2 Y thinAn %D%Owﬁé}eﬁaﬂxla%et@fl&@ﬁe per
nol ecul e and having at | east one ol efinic double bond. This invention
enconpa$eEROHYPepBIny Atlesss ang dkenyl meSses using a single ol efin such as
et hyjlpene or propylene, as well as copol ynerization, terpolynerization,
etc., reactions using an olefin nononer with at | east one different

ol ef i ni CABNRYYHhEOMPNENAIbI e, the resul tant ethyl ene 25 copol yners,

terpol yners, ,e : i ezl nol e
percent) andAaEér?:‘iﬂKSé%%a oﬁh{ﬂ(?? q@%%%%%@Pg@b@%ﬁg&gé&%@%w%ﬁ?ﬁgﬁgﬁpt his is
not a r eduélr earesompiiEnono roermortehhydregen $wavengpgl yatalpste e dOftert, ha dtylisdgeme of t en
have fr . rbo i hei.r l.ecul ar .chai n,_ Acvycli.c, clic,
ol yoyoavendifls GG opt oo s nyBrob ki ERASE Ko Rbr6s Bansdiokmi oG
unsuldst ias Rue®h, PriRdf Fe Ml Nbedi, Za)dndthe-likenat conttdnatinedtheteef.i Asr matandee

enpl oyed iin this inventjion For _.exanpl e, i icgt% unsat ur at ed conpounds t hat
can ba daSheET IS RinE B cRRpurE Fread b o BRE T EO Mdsent | on

i ncl ude, but not limte , ethy e, propylene, 1- butene, 2-butene,
3-nethyl-1 - b@e, i sobut y@g, 1- pe ne, 2-pentene, 3-nethyl-1 -pentene,
WO 2011/ 002498PET/ 4520106001843 58 4-mehhydi- 1 - pent egye, Iqhexene, 2-hexene,
3 -hexene, 3-et kel Zhegprt, 1- hept ene, M9 hept ene, -Tiepf ene, the four
normal octen e.g., 1l-oct , the r normal n s, the five nornmal
decenes, and e like, or m res of or nore o hese conpounds.
Cyclic and bicyclic ol e n\i ncluding but not Iimted to, cycl opentene,
cycl ohexene,

; and the like.
Catalyst component II is not limited to titanium-based metallocene compounds. For
20 instance, catalyst component II can comprise at least one of the following hydrogen

scavenging catalysts:



5 norbornadi ene, and the |ike, also can be pol ynerized as descri bed above.
Styrene can al so be enployed as a nononer in the present invention. In an
aspect, twe 2oliaghbe4snononer is a C2- Cl10 ol efin; alternatrcralsgoionhms4dl ef i n
nmononer i s ethylene; or alternativelyys the olefin nononer is propyl ene.
When a copolyner (or alternatively, a terpolynmer) is desired, the olefin
nononmer can 10 comapLi se, for exanple, ethylene or propylene, which is
copol yneri zed wih at |east one conpnoner. According tg one aspect of this
i nvention, the~@t®fin nonone ol yneri za S conpri ses

et hyl ene. In S/ aspect, exanpl es suitabl e olefin nmononer s i ncl ude,
but are not i tedQo, propyl ene, 1£?lmene 2-butene, 3;n@thyl-1 - butene,

i sobutyl ene, . 1- 'Ehe, - pent ene, meihyl - | - pent ﬁ@thyl-l-pentene
1- 15 he?eﬁﬁ\qziﬂexene 3- | - QZ{xene 1- h hept ene, 3-heptene,
1-octene, 1-decene, styrene, and the |ike, or conbinations thereof.

According to .spect of the present |nvent|on, the cononomer can

conprise 1- .MJ penten - hexene, @ene @ene styrene, or any
f

conbi nation therg GEnera t he amount conono i ntroduced into a
reactor zone té’ oduce the mpo ﬂﬂﬂul rom about QcOI to about 50
wei ght pgregm) o the conon 5 -an't t ot al o) of the nonomer
and cono Y According to ther aspect t he p%??ent i nvention, the
anount o onononer i ntrodu into a react zone fromabout 0.01 to
about 40 wei ght percent conononer~hazed on the total weight of the nononer
and conononer. In still anoth¢ spect, the anount of conononer introduced

into a reactor zone 25 is frompakoufci 0.1 to about 35 weight percent
conobnoner based on the total >xei , of the nonomer and conononer. Yet, in
anot her a8lecC] the anoynt Pigf pr introduced into a reactor zone is
frontabQ@§§h>@|to abou £Ent conononer based on the total

wei ght o e nonomer eL/. il e bound by
this theory, wher& branched, substltuted Sc éﬁmﬁpﬁﬂg ?%%% |zed olefins are
used as reageants, it is believed that a sterlc hi ndrance can i npede and/ or
slow the p rlzatlon process. Thus, branched and/or cyclic portion(s) of
t he oIefEé/0 es8somewhat fromthe car bon- car bon doubl e bond woul d not be
expect ed Nﬁg gthe reaction in the way that the sanme olefin

substitue //ltugted nore proximate to the carbon- WO

2011/ 0024 CT/USZOIE)@ﬂi&dﬁk&&nenybnﬂﬁdnmmenmdnd m ght . According to one

o the pol yma¥ s dET et on o (e, SmeRGRD BBl i PTodt Ok (B! PRIy

et hyl enecompburiepfd 1}dﬁ§fateﬂah FeGS1ehd &e@r@hﬁd‘d&ﬁ&fﬁbbmmwamymA @, MEgF mi nal ,

i nt ernal i near., ched, substituted,, or. unsubstituyted
addi ti orll- ]J[’ FRSPRCHY %tVy o5 C@B’ﬂ?ﬁ Stcia’bﬁg PRduged; usmg A% S iF {]E‘Bﬂgl n the

pol ymer i thedei ddR108éd Ulsebhtenmaaoqu@den G2260886 JandoLi$ 1 10989, tﬂeraltcﬁytute@ of

1, 3- but adi ene, i soprene entadlene and 1, 5- hexadi ene. CATALYST

COVPOS| TWlish 4tk dngorRosated h?‘ﬁvé’tXt‘P@FF“éhﬁt 6is cptrelyl JFor mstwpro METIhE cam B¢ ai ni ng
cat ajgyst rg&;gpcpﬂelgtm;c,redldgnmp@ftﬁbysﬁ_pconponent I'l, and at |east one
actlvator For exanp in _one aspect, a SU|tabIe catal yst conposition can

conprise catémﬁ%mu@dﬁbéﬁeﬁﬂfpfﬂéataIyst conponent 11, and an

activator - SUBBoph )égeqrgmdeﬁenﬁgiﬁﬁ? Eeahl vl Gl ?Ij befiiyl; dph@iﬂrldﬁ) BHINOBR, lof
anot her aspect, a suitable catalyst cdomposition can conprise catal yst
conponer§OsR, \cmrenyst lscewvdlqénpr |ary} a!m!p areviigunp niox 4 ecafleong atoms; or a

Comp | s SARREIREke S, 4Bty Mo AR, 6T » SRR BB A e T one

can Be uthhhawmguptpﬂ&dubenpmhwnleflns - honopol yners, copolyners and the

like - for ayvari appl L cat The ca ts | and
1 Vere di soe e Gl e PR LBl aRbadRR o et SR T

i nvent i cand Opt isiisdepemdeanp Hair acthytifvairbglgiralpyialing appe heodrbdn atams;@adt ai n nor e

t han one netal | ocene conpound and/ or catal yst conponent Il 20 can contain
nore than one hydrogen scavengi ng catal yst. Further, additional catalytic
conpounds - other than those specified in catalyst conponent | or catalyst
conponent Il - can be enployed in the catal yst conposition and/or the

pol ymeri zati on process, provided that the additional catalytic conpound(s)
does not detract fromthe advantages disclosed herein. Additionally, nore
than one activator (e.g., nore than one activator-support, a conbination 25
of an activator-support and an al um noxane, etc.) and/or nore than one

or ganoal um num conpound al so nmay be utilized. Catal yst conpositions of the
present invention can conprise catal yst conponent |, catalyst conponent 11,
and at | east one activator. For instance, the activator can conprise an



activator-support, an al um noxane conpound, an organoboron or organoborate
conpound, an 30 ionizing ionic conpound, and the |ike, or conbinations

t her eof . wocoridioedgBy, the catal yst conposition can conpPCTaScavabisss
conponent |, catalyst conponent |1, agd an activator- support;
alternatively, the catalyst conposition can conprise catalyst conponent I,
cat al yst compdnediprid ngg&&ﬂal@ﬁq tHETRNRNE(CINROURRereid! ol i a #tégée frym X he
catal yst composition can 11/ 002498PCT/ US2010/ 001843 60 conpri se

cat al ystto 8dAgisiEnt |, cat aI yst conponent II, and an organoboron or

or ganobor at e £ RFRRME), MY cal BeSZr G HTY Rhile thiﬁl Xsafnaéﬁéﬁaerﬁﬂrﬁﬁﬁ’% ¥l ep gran
conprise cat al éSt conponent |, catalyst conponent 11, an ioni’'zing ionic

conpound: methyk serayl; Whe%eHcBHal%Rz Q,fosrﬁ)Bs whérem I&éﬁrﬁﬁ%kﬂh’ép%mm efed an

or ganroal C &t al S S t he

or aont. DEEHYEAT? MAl, & hJusa s}?ﬁ@%n%@%%m F e R e et |

| east orwdmearbylaxide gmp,pﬂw thydranai ylaminegzoupg the lrydgvaarbalsnbh gienn mﬂribwnd For
i nstanc ded al um na, chlorided
al um na%%é'(lgjBat 3% h%%%{oﬁg%p %%aﬁé%' %Pt%%ga%ﬁﬂu%% ded silica-al um na,
chlorided si X’ ead Xl indepeadetstyoan ded, €l, IBrcbbaizuhphmyl su infedttybdFeri dxamaleal umi na,
fluorid i e

silica- %Ekr @%ﬁgﬁeg&ﬁ? ntpe%g e:T’Ibl%caﬁ Zk!h(r‘g{1 1’nl a, &Hl i gn 88& %:fﬁi(l:sémf’ erd‘ (iln

f | udi0i dedotheén asxpastcxéimti X3I mdepeadenslulateabadylsldhbm momleﬁxdl alYleti maanoﬂiensphat ed
silica-c the bans, thereof, Additionally,
t he rgag%afg)ﬂ‘l% %un’r%ng?g cgﬂn aaﬁﬁeén a%’vel b° r&?me %u\/ ‘fﬁr? ﬁf altemgwelty’

tri et hylbathixand X’ ctm be phmglpy} ateumtmelmboth}( zmdb(?tcythhb umhyhm

triisobutyla nu aI um i -n- um nu

i 1 Sobut yI ai SRR S o o et dnder s asioReaddnud oy Pl

CEI or i degropn @fteRCh dnd Cpéarecaaalba aﬁﬂdp@ﬁﬁdfeﬂﬁrgmmb or each angﬂ(éea\?wl?]grbﬁf Aaspect  of
t he prese nventipn, os tion is ovi de I ch cor ri ses
cat all%ystsugsé’ﬁt?ﬂh‘é‘h{:pl aiid Gy’ é‘?ﬁg‘iﬂ& #bb Har aqaﬁroggﬁbr/b&fpbv hayippbR {0 1and an
or ganoal ddivoh umoameéﬂﬂnvm@%%abshmeﬁt GabR Il &t a BRIGRSI bRRp havisg g tantial |y
free of 20 al um noxanes, _organgoboron or g%‘anoporate conpounds, i o0ni zi ng

i onic cdﬁp%l?ﬂa'satomd/%ﬂsmb%&bsw?ﬁw AP Gt a1 Gp's may| ingpe i, hgrglore this

subst antij@htiyn Edrfstised P: MY DX ﬁgarfﬂls rsﬁ'd’hnﬁttéﬁ’ﬁ!ybfmlrﬁlw?ﬁt pidIR! daturditge of
organoboron or organoborat'e conpounds; or alternatively, substantially free
of i oni Angsgyk & the Bkpounds. I n these aspects, the catal yst conposition has
cat algyst act t: q@@n

add?itol onal nawgé?/ée‘as e Ié:ﬁzr ﬂgm 29 nQ%b&Wtunbﬁ's %tegrttﬁgc}gﬁn%gegf@?gnlho lha

pr esent (Ehmtnomubsmwntsmﬂmrélnanetb@bmgnw gtyumE clataabshsm aspmt;fémmﬂ/or Cptat al yst
conpone tiya o] d wher ei n
no ot he?:t‘m o ?°§F2°qa{r“)e6 %xﬁﬁesg@‘é{h@ ah ﬁg&ca 1&51?:6‘{3@ 03| rT2:a%\/vﬁp c}w)\?\/oul d

i ncreas diydmcarbplsgmumlavmgtdwﬁotm ctafbomhmmsasuaihy:si foc exqnade, tammﬂkymyalkunyb ot han

about lo%from .cat yit t he cat al (of0) t he
absence 5¥1 ggoulpd 'é?rfo aSpfﬁtHg/J d?’or(ﬁf 5? %% %etxff) ssu@%[eﬂfs a rglne\7[%}ht i on,
t hesxs n&hbstmhslndmn&@tlgm byﬂdmeﬁryt eyl ITpdp/], batytaieatyy, Hex ¢lo hgpog] ddtgn

cat al yst co

conpri SI cat al nent |, .an

ot vnt oMty Rk, REOR Betteny) Rt RRPieOn BOAY BAFTYbobherr bgRd i se an
opt i onalwiiR-inGalieR|ayisects, Sitht sabitRueh® itdRpétldutyScanbe MethyRSRAHL Iprofig] bidgd, but
are not limted to, .al unm noxane . WO 2011/ 002498PCT/ U82010/ 001843 61

corrpouncféhenﬁlr @@H%&PHW“@P oRGERShor at e conpounds, i oni zi ng i oni ¢ conpounds,
and the |iken fmaRYEY, BTN @Bﬁdgﬁ’ifg 41088 BRing hdreembRan(omng,cowka@tialnishn can be
present in the catal yst conposition.
integer from 2 to 8,’inclusive. The integer n can be 3, 4, 5, 6, 7, or 8 in some aspects of this
invention; alternatively, n can be 3, 4, 5, or 6; or alternatively, n can be 3 or 4.
In an aspect of this invention, X® and X® in formula (E) independently can be F, Cl,

Br, I, benzyl, phenyl, or methyl, and in some aspects, n can be an integer from 2 to 8,



In a particular aspect contenplated herein, the catalyst conposition is a
dual catalyst 5 conposition conprising an activator (one or nore than one
act i vat orweuppaoe49sal um noxane, etc.), optionally an or gamaskenvionisas
conpound (one or nore than one), only3one catal yst conponent | netall ocene
conpound, and only one catal yst conponent Il hydrogen scavengi ng catal yst.
For exanpdigivel [oe atieinalivedy, £ QAW BRI 3,1 HN5,CaMN6.CORPditiSEalIFN Cp tand at P canSLOPOT t ;
an organoal um nym conpound;  only one bri dgeg ,&t al | ocene conmpound havi ng an
10 al ker\‘yF“bﬁ‘b‘P@HﬁWl&H"c}mﬁQﬁ“}’I STOUPH PH BB gylngrours diey sxcluding theed from
a_hydr oggidgiht 1t Alltgnlati WP HnB CpRindeféhdentty mEy be kfbstild i,

NET | | - A R Boupl Aleratitehil e ?fl{z%' E/%%l i ,QI\/ET\-%I,SIt@It:?d ww%? oy

MET- | | - Hvo substituegtsy guth dhese vrbsgtueats ninfependontly gpp dbe 1 qrya hydroeasyl cgrewn yst
CoNP@Si tHaGide &3 No CIONEYH hvGat £ - I e qﬂhnu npound;
only one un%??d ed ne?gf?g@gﬁﬁkggﬁbgﬁéﬁgﬁg€1%Sﬂggegyﬁgﬁ§$L15 nb?%?@? and
onl y onéexxldiepfbrrctd ilanyl. neprenyl abyrenyl. pentenx] ipxenydhentenyld pesgeshanhienyl,

cat al ysty,lcOBPhdnsiIng RU, Rh, Pt, Pd, Fe, N, Nbo, or Ti, MET-11-A MET-11-B,
MET-11-C, " NET-1 |-D, MET-11-E MET-11-F, MET-11-G MET-11-H or a conpound
havi ng f or muNgn{m)iting;|examplgs jof engtalledaee campoysls hawingofirmulan(Bathat anpri se an

tivat Qs in 1 t i 0 } ear
ot al | ooLHERE bl in EAGUBRRAAT NI B iy e O SAAMELER

a hydrogenati on catal yst
Ti, MET-I1-A MET-11-B, MET-11-C,

G—N\ET-11-H, or a conpound havi ng

~ onposition can conprise an
pound; only one conpound havi ng
ca\ze@gi ng catal yst selected froma
R Pt Pd, Fe, Ni, Nb, or Ti,

MET-11-E, MET-11-F, MET-11-G
F); alternatively, the catalyst

O ; ' ; and the like, or any combination

Catalyst component II also may comprise a dinuclear compound formed from one or

thereof.

more alkenyl-substituted hydrogen scavenging catalysts, such as a compound having formula
(E) containing an alkenyl substituent, or a compound having the following formula (referred

15  to herein as MET-II-A):
X

N o

/\/\@72r‘CI
This unbridged metallocene compound (MET-II-A) has an alkenyl substituent on the
indenyl group and can be used to form a dinuclear compound as described in U.S. Patent

Publication No. 2009/0171041, the disclosure of which is incorporated herein by reference in
20  its entirety.



conprise an activator-support; an organoal um num conpound; only one
conpound having fornmula (D); and only one hydrogen scavengi ng cat al yst

sel ect ed woanmizoobapdr ogenat i on 30 catal yst conpri si ng RupCRuUS28v/0018d3 Fe,

Ni, Nb, or Ti, MET-1I-A MET-11-B, MBg-11-C, MET-I11-D, MET-1I1-E, MET-11I-F,
MET-11-G MET-11-H, or a conpound having fornula (E); or alternatively, the

cat al yst conppadcbidaiceCwith Qﬁmagﬂeseoﬁﬂleayﬁtdemaﬁmmﬁupmmst RhpBhGR NP adnNM num
conmpound; only one co%ﬁ having formula (A); and only aone hydrogen WO
b Mo B,

2011/ 00599RHEREE] ME TS, Mg -HoP o FomBaund diaying formuia ¢, e

hydr ogenay Esibifation tetdofC chﬁhﬁ& »RH) arBhter E%‘pcct Bd the'ff?eseﬁi' 1nve,|}mon Q'étaﬂ;‘st,
MET-11-A" MET-11-B, MET-11-C MVET-

MVET- | | - lompenegt K garenmryisa Mﬁ%‘ K, leﬁﬁtth,(ltéﬁT-H ﬁ" MF&H Iésﬁo@é‘!@un‘bhwn& Wo

cat akyt iR MADN P afly FbMbRESE Merdo? tmeaceahatcx SJmtt: %ﬂomﬁa Opect of the ONE

cat al yst corrponent |5 netal l ocene COFYpOUI’l and oné cat al yst corrponent I
hydr ogerasent\iBYRpfing atalyst pomponent I comprisee MEERpAat &u a@%&%’ ange gt still
nmetallo y t n i Of di tional
Tot al | goiner: BpleBf, (56 TRASH IRANGA) AANEIELAN 1B el MR L O
not a ralemateiebmt conanmesg eMET alﬂtCy @mmmyaltv copmpriyest MEﬁﬂb@t t altemagizelyconsi st

t tial
absence (oPVif: MEnA BRI RERph] ME RN S Bun Y cbphalS MRS
cat dlys taltcraatetelyab@nm-‘t MET6H-H; rwbtpmas‘@lyj eempr®e a chmpaodi hamtng fofmula@)cat al yst
CONposi t itgmat%l 'T%SH}[J}Q” ﬁ ted la(%o ]ﬁlr%a%gf lé%f’% elnXst a %e]rnattvely,

cat al yst Pt BSeRce’ o §ona
i nvent i @nmbnsret her Pebmdpay&egembmodﬁalm‘t rmﬂsmagvcﬂj']es:empateal ystPd-based

conposi ti ons uch for ex | e, contacti th ecti.ve cat.alyst

conpone f°$‘ﬂ‘a§t %ﬁ?%%ﬁt c?ilteg‘éﬁ{%ﬁ SOmpses Tﬂe%gré’f‘sé?ﬁl g‘ﬁ’ge@g%oﬁ%ﬂ Y om

cat al ystaltaﬁmmtye mbmbnse"s heNhyded gedrogaratien gatmlgst;: atta-ha/csztelyt lcOMprises al Bt
nent or an be oreco tacted w i Ni ¢ monQner |f
8 Bosel o QB a5 PR o GRS 5 b By Sty

or ganoal um NTHe BRGTPEAaTenking chialyst oP&itdlfpd c@&apaﬂeﬂtennﬁawﬁroa&ewm@&ht ng this

precontacted m xture with an activataor- sugﬁort The first period of tine

for conttrial thar cqiplyg sampRtent | praduqse i PRIYDEFIZaEPn PIogess n EOTIBRARsENd

and/ or hy g SHPBnSFAYREHaf6h, TR ﬁ,lafagen s&atten%tﬁgeédtny& R RRIce efMaAfk, tamor

or ganoal um num conpound typically ranges froma time period of about 1

m nut e tthe hidegen scavergingcatalyst n@yzmﬂuae Ct, r%nCawmalkﬁn% apd/or thethydrgberut 1
houryg Preetontiftbath j B midflecliaP Weisht (oo (30 1 £ al so
enpl oyeé Aﬁ n%tt%lygfelﬁ tb e pr econt%ctalpng rgcgglggﬁgs(e ar %gﬁ&gﬁt‘:@ig‘n

mul ti pl evemhéﬁlsnprOderbYtChalvsacmmgbléDst ep, in which nultiple mixtures are
25 prepared, each conprising a different set of catal yst conponents. For
exanple, at |east two catal yst conponents are contacted formng a first

m xt ur e AGUVMAGWRISUYPORBAt acting the first m xture with at | east one ot her
catal yst co nent form a_second m xture pl e
precont acti ﬁgstpéeﬁgntcglne%gmcgtcro e gut i as éa%"?q#& Om\Pé)glé 8?8 ?mfuﬁmﬁ‘u?rtl pl e
vesdl s actli%tatdrmmch canl Hei 4nl aetipat@ecmpparc t inrogre aspepts the adtivatoraapporecbngptised 1 seri es
(sequentjall n 30.parallel, or a co tion thereof. For. exanple, a
first ml? é o?ealt%soé Qe Hismagive gpcaaf VHE-TBPHE £ (FORPIPG 8t Wessel , a
second mhinérbll @ pmman lofdyngntdaﬁali‘ateasaaynmt exfsliafdduslay pelladd thitd iapstaér 6:dldal yst
conponent Ca?f‘cg fi rst vessel or .in econd vessel.,, which is

typi cal FVHM t? élamrgf ainop-layered: s1b@§%gtpneralm?ayere aluminosilicate
2011/ 00%9&8@4‘1&5&93{@& @RABKL3i1RBte mineral, Br AYRbMABMafiSP@Gof. ONe Or nmore of the

cat al yst corr%gnents can be split and used jn_different precontacti ng

treafnents Perélbar?bt@calbaktattﬁr sojidcoxidgs yexhibit sihancet acidsy pe gompared éP first
precont gd éd?ﬂsﬁ(ﬁ&ég luinfr&ite LEFRYXE R LohipGund. t'hleaéhellnﬁﬁﬁ%-n‘aagd QbiREsxiGAhig yst
conponent, whi'l e remai nder of that same catal yst conponent is fed into
a seconcfurpﬁlettﬁom aceiahygt gdiyster ap spmpsredte dmeerresponging wirregted| selid toxisige ot her
cat al YStwﬁﬁe"EQ Bhicall-mrkated S| B&ﬁg tabifvatedt fRe WikRatlobafe! QF theoa% o€ QERpNat i on

t her eof precontacting can be carried out In any suita Pe equi pnent ,
such as tanks, stirred m x tanks, various static m xing devices, a flask, a
vessel of any type, or conbi nations of these apparatus. In another aspect
of this invention, the various catal yst conmponents (for exanple,

Thi s




10 netal | ocene and/ or hydrogen scavengi ng catal yst, activator-support,

or ganoal um num co-catal yst, and optionally an unsaturated hydrocarbon) are
cont act edwDreoti®24981 yneri zati on react or simultaneously WwATIGS2410801843

pol ymeri zation reaction is proceedingo Alternatively, any two or nore of

t hese catal yst conponents can be precontacted in a vessel prior to entering

the reachiaBBisZRNE not HcSsshiyee dinAifdte e cHhSHs GRh BR GOMNs RUAPSsitidd) T ch the
precontacted product 15 is fed continuously to the reactor, or it can be a

st epwi s@cbyatipadencion of thy awaQr-s¥PPAFi g Isvidensain the shhapeacapttvilytd Faphttiuct i s
added t Qofﬁ?&%& & RholS las COMPRASH td HLatalydh kSmPSRfRA oG inifPhe tcSHes%@ﬁhi&e
carried out over a tinme period that can range froma few seconds to as much
as severaireated, solidogxidep nHewevernit iy pelieyed that thet dhemisgHy-traeted solig exidarcarct i ng
step 596%&%41 Yad 33t Scdvail) AR tinl dReCBAM L Ootala{?“gr }?&ﬂﬂﬁm " c@:@g&ﬂx‘éf

aspect, the continuous precontacting step lasts 5 rom about seconds to
about 43luminexanes, organdhosen erryganobomternemponnsis aignizing3doninicnmpewnds, and thdnce t he
precont ggted m xture of the netallocene conpound and/or hydrogen scavengi ng
catal yst, ol efin nmonomer, and organoal umi num co-catalyst is contacted with
t he acti vat oiThs igbpwically-trhated sohgaxxiidei can ¢omipirise tah eolald dxide omeatdd whith an
activatqf - ! . t it ure. ". Th ost cont act ed
i xt ur o 5Tl ARl NG o BRRRER GG B e feowink B BRSHAET ° )0
postldontiadeli¢viedethatptreasmentoof ithet salid nxide hathp eh yaietron-atithdrawing cemponent

Post cont act t.i nes_.bet n t. contacted m.xtur,e and the .

act i vat GPEUEHHSH Fnhﬁgﬁe\éﬁg? F‘f}glﬁﬁﬁéglef?x % abdtit e@eﬁiﬂ}?u?cgv?%r'%’gﬁ? ShiSurs. In
a furt hdrewas@arbnstédaeidityshat atypichlly greaten thar the &ewig Brdrseed aaldastendh 06 hour s
to about, 1 hour. Th recont act.i ng ste t he stcontacting .step, or both,
can i nortsuierisd sEofiie o6 Mecrehatorapmigt Uisd erBuet Cumbat ShATbsiien Sadfe

cat al ystun@eatedsonidwixidePor Bt dtl’]ls niRiiRAas qelndify theutidpy OF tidtcheinicaly-Geated
post cont acti ng. ver, neither a precontacting step nor a postcontacting
stepldi s @emﬁaﬁgﬁd OXig, dna} _%5n‘?%8?‘_8€f”r‘?ﬂx‘§’ﬁrp hEgrzaionhadtaigs Af e

t enper atigthRd andludtRhted okidePurRf hdddlcaidlyded GéLAénst 0 al | ow adsorpti on,

i npregnation, or interaction of precontacted m xture and the WO

2011/ 002498PEhemisatintrrsed gahd exidgs (af vilisotveantispotre , fomnrch senesalVafipdy 87 on of
the compieiis sOfid bRide RRACMIRE! BviMadiale 6r BoorsBHORIdid 286hvictdSAr RRA, OF
deposited tThereon. Were heating is enployed, the postcontacted m xture
gener al Irglatieelybigh garosity. a Theesphdraxtdgrie chemieallyrtragted webrangentrongvithdrayiabhout 150
F, fr 1t : J oner-aspegt of this

[ nvg{?ti oc(ralﬁqp?ﬁéemmé}%rugrag? }eo (ngtltﬁ@aﬁmgg?ﬁ)g%ggﬁgﬁ Eg:(tzl eﬁgr C ound (or
conpounds) i Mceerdinigyte one aspecinadithe presemt invention| the solid oxideinsrdl taprapare thonpound
in a catgal | td.0n. r.al 1S..LN u 1. about
1710, 00 e R BEREF sl BRI o ydiint Breht BIHROL T AU hedhdinh %0 0711

t 0 aboutanithér, 43péxt ol thie  présantanvdniion, the pdidtoxidelhas apbervoluahe greatbr thiveabook es  of
met al | ocepe con‘?ou d %o t he | es ff 0 or noaltum' %mﬁfn?ﬁugd isoén a
range f ront%EofiPeordine foyel Aaother ASRYGHOf e RES R BIVERUON, (e 51T QAR A4S 4R ¢ at i o
of tast alvoldmeegrenér thatblhokesggconmpound (or conpounds) to the total anpunt

of organoal ugi num conpound (or. compounds). in both th recont act i Xxture
and”the. post 0bAIGHE e e o0t coBIALa e B ob roacpey g gt 008"

post contaYs.i MGebirditfer adpRctSihB|soliEekidd ML sarfive Qe Hohl APutL0®olaBodise0l, t he
molar ratjo of the total noles of olefin 15 nononer to total noles ?f

conponerf® /8 FettH] pnotier agrept phthe presitdpratian (thesoldgxidechasa swreater oti n a
range frgm alpwbsoliobBolt@oaByt 100, 000: 1. Total noles of each conponent are
used in this ratio to account for aspects of this invention where nore than
one ¥ ef i n e wBemisaily-Beatedosadidiaxide 3R SomBRSs ¢ slidaoneanie oKids\FaBPTIENE t her |
this m"&g ErPdndOné B mBR didhmentd RIBRd HoRTGRRPY!3, 405 16, 108 @0epit 111049 4, i n

anot her agpect of the invention, 20CGenerally, 'the weight ratio of

or ganoal ardd ofi thesripdic taile, or epmprisingexyzanapd one prsmorg elenrentigelertied fioautbet 10: 1

to aboutler;tyn%%r Acﬁn{agre?ensela sgne HRWGRRAR {4BhY rer%mpw&ioa / @t gRre than

one acti of-support is enployed, th's fratio I's based on t t ot al " wei ght
of each respective conponent. In another aspect, the weight ratio of the

or ganoal um num conpound to the activator-support is in a range from about
3:1 to about 1:100, or fromabout 1:1 to 25about 1:50. In some aspects
of this invention, the weight ratio of catal yst conponent | netall ocene(s)
to activator-support is in a range fromabout 1:1 to about 1:1,000,000. If
nore than one netal |l ocene or activator-support is enployed, this ratio is
based on the total weight of each respective conponent. In another aspect,
this weight ratio is in a range fromabout 30 1:5 to about 1:100, 000, or
fromabout 1:10 to about 1:10,000. Yet, in another aspect, the weight ratio

Y b1 . o M = .y




In one aspect of this invention, the nolar ratio of catalyst conponent | to
catal yst conponent Il in the catal yst conposition can be in a range from
about 1: IwOaoaboet9s10, 000: 1, such as, for exanple, frompabaiseols/00184®d about
10, 000: 1, from about 15:1 to about 50{0: 1, from about 25:1 to about 2500: 1,
from about 30:1 to about 2000:1, from about 35:1 to about 5 1500:1, or

from abquhn ¥le} & QoD Y5, t%&QnJFAYe.wklhdanaeotl\Jnﬁ{noaepacta,ndtﬂbemmxaqwratl o of
catal yst conmpqgnent | to cat al yst €O onent in the catal yst conposition

ranges fAYARSHoRereanic 1Chemigyuf 10 leI'IntS¥S°1ﬁ¥Q9m 198Yut Evn: examples gt

1000: 1. 1E&Fad1@§ilaé"€§1 contPRisé Bk fen afd bR eRmeMAbALIYRENS QEROBE Rom AL B, §RL al yst
conponent. in the catal ﬁt conposition can be in a range from about 50:1

t o aboutBig6d:Cp, Cr.[auF e Lado; Mot Ni, §bdiit S580 . Th, ToN,Wd’mYaZomndfwo 1to
abouts 10 25@u11@b1€°25&91:?%'s'39s51ﬁ Sdidd Alaeaaé B Qx‘ﬁﬁtthé?fc?rf g@uéeﬁ\(@fbtdn mol ar

rati os of catal yst conponent to catalyst conponent In the cat a yst
COMposi tqh@mwdiy-amﬂt so}ig oxide dnsdude, By ate nop bmited 05ALO0: IOut B@(Blz’pa, @b@ut
150: 1, 1, 0

1000: 1, Eéab?ee} c(?)rg@é N At e?’hgglg?ﬁ Laa@?ﬁnzéoolgéo grgfbtulpéé OSb%Of E)’r eséht

i nvent i dnOgEn(ex iinyVi(aszQu, YobalZpot Zvﬂzt angj they1ike5 lrghldaigenlxbthamdabbmofloo
grans of 0

r equi reafggle%@&%r??o ra?ﬁt ?gg gé%g{ut)hﬁos(raﬁ&)g\grqg ouronlpﬂg rs@\(/:?a F§}tgAS-hr))

| n afot hlenmaasp@om;nMQhomhaﬂeysdunandmhwszytel segrapatytingsta@n tadmmt ziidsBia, gr eat er
t han abaqut reat n_about 2 In.still another
aspect, xHaﬂleQa b?g%ggrlﬁggf 1%3‘388?%%%6& tgve |§%®§P£°rg:tﬁ3 SEterl zed by having
a catal yst a(ﬂhe wblid ogideadfethist ha{antainoencoﬁﬁﬁsesgmaaé eatdérialinswwhoast aldi@d, or 20
greater .t ha 1500 gP, anot her as t he. cat al yst
activity "% g?’%‘g ecronlpﬁ%‘g %%%6}8 (?sgﬁ)cf‘d‘kg"ﬂar’)ang P‘@“ﬁﬁ?ﬁls\,ﬂ mf’é"rﬁ%asur ed
under sltheréof. PThey Fittddz aitld RomPohids isaels aMSihﬂi}aluﬁﬁmJEﬁﬂBe gldner diulltipgnt, at a
pol vy at j on t enper at ure of about ﬁﬁC and an. et éeélene pressure of about

o0 el iSO H s i S mEBH BT, HAB P oM &t aaund

and/ or hythpegRIN FxampRs ANt BEidedthad df be ucden B labinatR supptRstthe preddat
or ganoal um num conpound, and the ol efin npnoner, can be precont act ed in

sone as geweorbmcm?@ut #¢ apit limited tppsilicaalyming.silisattisania, slicereieania, apaliesan

ol ef i ni GABRO erra{,, mintera'lss ﬂ%nd&ﬂﬁﬁﬁ§ amxmmaazﬁrc&ﬁle nhiuthifRE 0 ARnitkSigfial N the
precontacting he same as the olefin to be pol yrrerl zed. Further,
when a pt @e@ﬁﬂa@durwgo@toé@asﬂmh@, sitapiaczirepnincandghe bike.t Fle salidibyide of iponent s
i's %P' QxR P hlsé eﬁéor ssed oﬁﬁi%'rggeﬁls Edc S sﬁlﬂh%oﬂéc?%‘fﬁﬁ ﬁag a@%e%fﬁg&' tF can be

used in a subsequent postcontacting step between any othér conbination of
cat al ystU.goPatent Enblcation No. 204 049d6 Ifd the disolosure pEwhichnis imgerppiated hetegn by

nmetallo | d/or the hydrogen scavenging catalyst, the WO
2011/ 00§%§B@W£g'%8¢801843 66 or ganoal um num conpound, and 1-hexene can
be used in aTpe earmtrba@tlihdgtmmgpomponeat fusedsto preati det sflidt bxide cancdbet hnys

recont acte re the Gan be cont.acte |vat or - Su ort to
1I‘O orm a p% g%g} act S g.' Gre l%%rtﬁliggs%é(;?ﬁ“ggt eftciﬁ]ef %’?gé’x (%’ﬂ?i go(a%f time
pri cnsdt (t]?mlparbd aif tha golid’lﬁxwmih)miﬁ o éatelnwitlesdédsDone dTaitroﬁxraﬂidlra&nng ﬁtﬁ(rﬁ))l r st
period of tite for cont the 5, recona tine, tween any cqnbi nation
of the rMSCIIdMEI8R8e 2R (tftﬁbe B??ﬁ‘?“br‘ ERE, Bap-gith H’g‘lgnij’“tpé‘%%‘}ty%?f} t he

ol ef i ni GlethowMRhdraiviiy &féd dakiaid- froBPO kAl aana:ld h& @h&assabouill,NsiFh GRMNPound
can be fromabout 1 minute to about 24 hours from about 0.05 hours to

about 1 QBdle organig coImRoyRd that SETVeS AL SRUTGEPT ERSUFSOBEPT that @piog. Expmples of

post conte@&&adwmﬂﬂaw@ MbrORRIAY, bet &e! QWEENE Edergmfa%el Blsﬁﬁrme Aftoddr a
second period of tine, the ostcontact tine, grl or to initiating the

pol Vifer ickloriden Yewides s‘OdN@coﬂH?fﬁg}“faEP oflaomberate; Bhosphﬂ% i fupserhpsnhate,

post contiafforbdcBBe, REANES MubldSirtnieO Hufotibatd] Hhotpho- aﬂ%stﬁﬁ}’ 2h&RE NiKRY
catal yst corrponenfs is fromabout 1 mnute to about hours, or from about

0. 1 houringleding guiktuteshand combinglipry EaofN EREARIGSN.1 9ther dbyist o GaPdWIie | ons of
the pre

nomopol y capg Y SRS e £30uREs KEfSed dedtith kIR it Bho' G b Elbloved |
pol ynerizing olefins in the presence of a catalyst conposition of the
present invention conprises contacting the catalyst conposition with an

ol efin nmonomer and optionally an ol efin conmononmer under pol ynerization
conditions to produce an olefin polyner, wherein 20 the catal yst
conposition conprises catal yst conponent |, catal yst conponent I, an
activator (e.g., an activator-support, an alum noxane, etc.), and
optionally an organoal um num conmpound. For instance, catalyst conmponent |
can conprise a conpound having fornula (C), a conpound having formula (D),
or a conblnatlon thereof Catalyst conponent I _can conprlse a hydrogen

T T o 1 ~N o~




conprise trinmethylalumnum triethylalumnum tri-n-propylal um num
tri-n-butylalumnum triisobutylalumnum tri-n-hexylalum num
tri-n-octwbabumiosuemy dii sobutyl al um num hydri de, di et hylpalraseowmvesthoxi de,
di et hyl al um num chl oride, and the |i kg, or conbinations thereof 5In
accordance wth another aspect of the invention, the polynerization process

can e”D'lﬁ)Yheaprﬁs%hﬁinyéﬂhoﬁo P RSdonte@iplAQITMAI the @ﬂac@éﬂ-%ltﬂdﬁ@wﬁ'@t aliokSéanaRMpenent |

net al | ocene corrpoun glﬁ a nmetall ocene conpound having formula (C));
only ondaR §Pmpyey fly GBIqFidg. | bromide opiosphates fiatiafe. rhisut Biep ST S fat. a@d thquT-l | -
or MET- ljjke ForO4nyMambidatich ;thétbofl RASIMORPe@S bl A Mvehtfond- In Stherd KBS
activator-support, at |east one alum noxane, etc. and optionall'y, 10 at

| east oﬁéﬁcewgafﬁbéqamgnmmmd@ﬁwnse sulfatehbiswl ey | é"&‘lﬂd@oﬁb‘%@%l@ﬁ@ld@f t he
present ;hiye nﬁa&asum% ioRdREE, f Hospile, Oﬁ&frmommémﬁh&&ta&&tmme using
vari ous types of pol ynerization reactors. used herein, "pol yneri zation

r eact or "fluorpzireenate, Avgrotienaserapd mltkemrraemqr@bm@maltﬂr@fof poI ymeri zing ol efin
nononers and ( r

nomopol yror s, 105 A Blel 80 SofaidiUhipoki 18D, REEATPROMRS it ExBEPRUSR:
of reactthe eatalyst PQluEOStﬁws ef they ateSmWVbethn@fae ibe,@d camcamprise fhtocided daminay |

surry TGAGHEY oluAl BRATES ABELA sublld iRl AASIRS siflhllRLesRHEG. cact or.
t ubul ar reac aut ocl’ave react or or' Conpinaticons ther eof .
The 190l ysri'@malmtlna) rbromidgi t sikivasaldroinaj hdfaMr s1bawsalumamt dlluom(jqdeshw -gironela] known
to those .. hase r onpi se, .l ui di zed bed
react or sh%nda{( 3 lca'z‘ﬁcogn m'fiecfglzlg%?%lfcso .ma él‘e% hcar‘é Set8r @“?ﬂﬂ?d Ei}?ﬁ'ri se
vert i caltitona, I"ﬁuonzlmthﬂulca Icom)qs:ls aluhlingd) spifeied uﬂm—cmm elusinmg \phogiipted Selicaut ocl ave
or tubul ar. SE%lactors ?gt or t% pes.; caqlja (%I de bat ch of cont i nuous

pr ocess & CEIHMR, AL fike. &L seabingtigng thezeol; It somie 45peety ths 2CHYAeT SHRRATS
product cdimpfifesr fJeorided oslemias al@naivedyy) ¢omgirisele chl%ﬁﬁd:(mahmlimi Uhhteriitivelyt

recy(‘sl e of unreag,

e unreacted .co /or dlluent
oy PP GG algs SR ebh comarisse dBBRAe] HUShPBimanEleBNEN se one
type of cofpfiedr sitfatéd SyEéLiTuminalTUilickidtiely,e asohiphiSesOf filobiged asBcLsirddhiaf er ent
type. Production of polyners in.nultiple reactors nmay include sever al

st ages i3Hemptiyehh SPMpLRss §E‘B§ﬁi‘?§t BliGgeisserin; o altrmptivebia copuses fuerddiliset ed by a
transf ercogtey higmidyeki ng it possible to transfer the polyners resulting from
the first pol ymerization reactor into the second reactor. The desired 30
pol yneri zat i dYheaofhsi elestien-pithdrawingf componeahcompsisasay Bt diff fer&ertronr om t he
operayl | GRS hAGR Bl cdullfRridh AP EatjoR AT RS Syie 'R I%Eﬂeéf?tl B iHagal | On
innmultiple reactors may I nclude the TRnuAl trans er o romone
react or allows thessely trerevent endacomposedhack torthé acid during saleining. afamrs thtt dictatd e

2011/ 003 Ko RIRT ORB e Bt e Ao AR 3! ot i o Bl o

mul ti pl engdads, pitame nottimited &, the srdmtblmyatf ther sadf inl thep.iesared hsnp Inlaslrack efict Or S,

mul tiple;high pre reactors i nat h. ressure. W th
| oop andf B?I%grggcnb’ﬁ% f&e 2qn, jor 'Ija’IrH’(g %ftts tt"seft Zlgg?tborn f‘éi}“’ DYERStWed in
serixs, prdspeﬂﬁ:s amparted to nhelmaltlhy tﬁd\cﬂmhda:ﬂghé ik and aepndtstability be tHerawidat | on,

t he poI eact or .system conprise at. least.o l.oop slurry
Foact or amBEs of RabE TR T F TP Y eSO SRV B A RRincRF R 1o

cat al ySthmltbﬂdo CRAMBMIR tridily] Rehnichilin,e@ALyY afr@tbniutn, aetrWE/1 pBSpheiumher e
pol ymer i z,a (:(%)t%r‘ purq? ?@neral |l y, continuous processes may conprise the
cont i nudtis IiI uchey B nononer/ conononer, a catalyst, and a dil uent

into a pol yMBuiRG! oMb 06f b 3RCndrbCifaBk BaH- WREERMAng f drfddhs! M S
react or of ~a suspension conprising polymer particles and the di | uent .

Reac¥or VePIMRAPOTHARS. B b use doy tailgr fl@rﬁa%ﬁt pradisoef e pefivpassupnogitotthe
i quids deliadd 1&%@%&&&@%% le2Rbn- withé@taWhie 8 ﬁgntsc&m%ﬁ{actea/ Vit QHS

technol ogi es may be used for this separatl on step 1ncl 3 but not limted
to, flagkidegmetaeal simyltanseusiier andividestlyi aed |110ﬁnbf0r¢?éathataafﬂtr § the dasdedressure

reducti %ﬁemﬁ?lﬂ%@a&éd) Dol ofHfe! Qé‘&lgrn?f}fo# Odkal hplee'&geisp&tlécﬁﬁi Wenftbn is

hydr ocycl one; “or separation by c ugat




A typical slurry polynerization process (also known as the particle form
process) is disclosed, for exanple, in U S. Patent Nos. 3,248, 179,

4,501, 885yvo2pH6AH24085, 5,575,979, 6,239, 235, 6,262,191, =a0u/B288891815, each
of which is incorporated herein by rederence in its entirety. 20Suitable
diluents used in slurry polynerization include, but are not [imted to, the
nmonomer daxq:nmngoawrmrmaedeladmnwmmaﬁéoaﬂ@ntslaafce ajothpoliflél S i @ mdreact i on
condi tions | es of suitable diluents include, but are not limted to,
hydr ocarsﬁmﬁ%teﬁ?fgg’“ag Si§PSpane, cycl ohexane, isobutane, n-butane, n- pent ane,

i sopent ane, NMaEHIHeAREmpRIYT Ak @XRORss BP WMRichOPBhebfitARBFdatal oA kRRGL | ONS
can occur under bul k conditions where no diluent is uUsed. An 25 exanple is

pol yner i FERFIS 3 19llosisy | aetriectrdrioht oxids, fjcombingtion phsalidxidesy isrpontaeted

5, 455, 31ith Mpirdt Ridcion- RetRER A ?xﬁ'orpyou'?&f Sonfpdtafd REfoinh Fildt 'nh)?tul%nh{l{ By -
According to yet another aspect of this invention, the polynefization

react or TP dnprlcied and thepseontgpied geth pisgenad rfé%épwlthmng gRiDR (FRUmELy

e i e i L e Sl N e S

cat al ystsolieidepolny shshi azarqceﬁ, dhenfifst janth second refasyron-awithtiragang awiyn seured t hdr awn
fromthe, I-n%gﬁﬂis%%jbpb Pl sk ggp&lﬁgre;&%%ﬁl LM the reactor. Simultaneously,
pol ymer pr e Wt h Fom the reactor and new or fresh nonomer
may We added Ptcgondeygl tacanothice appscty nfthezeesentoingemgion, Swcthegamllphasied selidt or s
gas- phacs BBt B R b oyttt e O PR e L sesrmlor oba ™
t he gas ermgarpcha@eda mna(bn&le,aShatt 90 qhmlepkky}demd geish paa seleqinywitidravehg on

zones whllefe ai 0 r fornmed f.irst
pol ymer i Zat on > zoﬁ%pﬁ%n ‘%%hd“g’ Wr@ f‘g‘&f B'%‘Ii[@%eme%%hf JB%a]o‘PnsgéfE phase
react or dtlser (the&ﬂ-lcﬁﬂ&ﬂmgrtohip&mdgaﬁ\&lﬂthrﬁiﬁﬁg examplesd of 42, metaldiGnelflGon MmaNde

i.S .Incorporated by ]il{elference inits e t|ret

5, 43 304 h. o
her ei’n. Z1c; mé\‘f}: oY*Hﬁ\Aﬁ‘b‘mt otitapipmy salﬁ?ft 8PP Mg, 1111} YNGR Iy Rd enamm gh

pr essur emla&hyrﬂ'ﬁbhdl #Me ORe, I acinYinatBNs GRIFE.i SﬁcaﬂlpIeUth' @fenﬁ&ﬂ?&@ﬁte@%oﬁd‘
aut ocl ave ctor. Tubul ar, reactors may have several zones where fresh

monomer ,°%{ Ft a}Cgptain g metal; of) metak iogy inclydechyt agmARfnBmitedh o, rblasided #ied i n an
i nert gﬁﬁl@fégﬁat&i bR Tholiddd ARHREHindreMARA Zaﬁﬁﬂnﬁ)f flidMed Safclifipreghitbd | at ors,
10 catal and/ or cat al yst conponents may be entrained in a gaseous
stream a?%‘ﬂmpﬁt ciatidedy zinc-igpmenated Zulira-aminge fluardado zincTmpregagted tsilicans may
be 179 erdiintiRs 5ffatdC MRBMpRRhARD - aliihRh, MOrdLSRN' gluHHrYatpeﬂQMeQ Y&He
appropriately to obtain optimal polynerization reaction conditlons.

Accor di ridminaty.csulfated zine ralumipate silida-cohted akworimat urezatcd witle hexaflyoretifanigtacion
reactor Jipy c&éed: le?lrlﬂ t?ea?eds\wttl‘lj%fngq (ﬁ ﬁ'{ ﬁ%&l heq&%t & nWner %5nrz]1t1<tnp €
nonomer / conononer are contac { e ca corrp05|%|yo mby Sui tabl e
stirri ngh@cofot her neans. A carrier conprising an i nert or ganl c diluent or

excess nono th none y be
brought in the \?ig%%gr)d%fe %%gt?n(% t(i:‘%ﬁ x“ﬁnq’?fcrl“ﬁe at 5f m‘?e‘?fg? Eﬂg

pr odfct ,méthod b witids thecexidy isabortavtsd Wfth lai spetall scméeerty]aballymealp@k a4l zat i on
zone is 20 maintained at te eratu and res ures that wll re.sulk in the
f or mat i oRmS?m"& °§81p8{’?%r‘farbfn° & %Iiﬂf&lm}’tﬁd ‘8%1 ERETTEE APTCEFICRCf on may
be enpl ayedoinpowtd it apetht:e rant aHDEkAL Bf BesarOdt the ImeMltohQinid Brapdundié f or m

pol yner i m xt ures. throug ep nmeri zat i on zone. Al equate means
are uti |a5§f‘éidt°f%rmmre§§?t5%mtﬂéhet Wi*ﬂé%@wersﬁi%%é% and sehsyamenily senvsried

Pol yner iig@tthOsupperded MEta] §pontcalkifing. OAcdoRfingly, ah€ B1id in¥igRhic QRidERYn FiHHeher
comprise any 25 conbination of at | east, one raw material feed system at

| east¥ orfSmpPEYP Bl selscfed, frem ziey Wtaniym, pigkel) yagadiemnsibse ﬁpeperegwﬂm | east
one pol Vi¥Rssteh SRONBAShuY ShEHe 1&@ Snfbitafiond ArhS¥ HEAE FOf elaipiP RG0!
invention may further conprise systens for feedstock purific t| on, catal yst
st or age o4i68 uisdde HRRIESNSEE, théi&lldm‘il ecause it Cet provide improveshiajatyst aqtivgpaes v,
fractiongyi.gn, recycle, storage, |oadout, |aboratory analysis, and process
control . 30Pol ymeri zation conditions that are controlled for effici ency and
to provide desired




pol ymer properties can include tenperature, pressure, and the
concentrations of various reactants. Polynerization tenperature can affect
cat al yst woaduatwp498t y, pol yner nol ecul ar wei ght, and nolpetaisariomeisght
distribution. A suitable polynerizatiqn tenperature may be WO

2011/ 002498PCT/ US2010/ 001843 70 any tenperature bel ow t he de-pol yneri zati on

t enper at ure e sdlidi dxitetcan bbgededRih Efeaes@teef ﬁytaﬁmlmag compdind@béfire, t hi s
i ncl udes from aBout 60 C to about 280 .C, for exanple, or fromabout 60 Cto

about 1PHEOr tfdPe I me HBh thersalid 9’&@6 b‘f“ﬁﬂ@ﬁ%’é‘r‘?‘% slerEen-wihdrpwing apjensone
react or FeNswRigBanyt BéhtR@hY MREthEBL the NcohRBBE Ak Hire o8edAE adompobifd, W:l&d&'oﬂ a range
fromabout 70 C5 to about 90 C, or from about 75 C to about

Sui t abl evifydeadng asion, and thegmetglatop i dxpisaliyneplained; hAltermativedy, aamild ox1de

pol yRer igddria®Nard ¥RBronl Wihda®HgUaflod Qburkt, BHadmRNASE! RAt WrBhéZRInRifnd N @

| oop reactor is typically less than 1000 psig. Pressure for gas phase

pol ymer iPBPPWH arscapiagizd|apd salcipebiimubogoesly. 500 psig. H gh pressure

pol yneri zat i §iribi %ruéegée@rar@ LseQUbIGIR i HRARdaRY-Frekrdd g&ﬂﬁ&thé ¥sdinhe aDOUL
20,000 to 10 75, ol ynmeri zation reactors can e operated in
a super dWS@IitdaYenﬂ@'gu #lhynigeated @édemleloyn lsphese the epetecitprodist ahd
Pressur gge oGk, Q&V@uﬁ 'aﬁe OF Infdrd BlecthLDitndiwifle RRRA WL, il Bpure
di agram (supercritical phase) may offer advantages 0 one
aspdét aequirad shak theeselif gmidetbigecatsoned emior tot ¢optactifig thyd:l@gemwnhdtahmg anion

pol ymer i o] r l. I

conti nugél?c 02895 urr}&@"&g’gﬁ{aﬂ& lg(ré%l?i‘é ‘3&1{11;}(&%{}1? ﬁpt%ncent Sﬁé %‘?}ig %n th
i qui d phetsged wnthehq)elcctrmewmﬁdrmmgmtmrsbsbce efﬂ)b (sylaﬁpxlgenm bt kyicinedobe

(by. ol aB5dhed VARGERLEAN, G el Bi ot ATt Pemorte BB oh e SpBERT e T
conce nt rim thivinvériog dbvedzan cppredt] Kopexarhple, sdﬂ&néthddspmé yeveribaddh €CSt Patentvei ght

avimg N il 1855 Fog6aPT 08 BT a0 p MBS bod oot T 3h may be

i‘n a rgrsgmsfonmns@saﬂ,smgm ,395, @bpﬂt529©§7 p@msﬁm raisgesm ststzdslg&ﬁ 66513671exarrp:ce
rom abou m ou rom about m.t o about ppm from
about 1(9’%}&3%?5 63%78%79 App 6 &382,%? dgsiosres ot I@lcﬂapqw fpromsiied deingdn 1t i s

al so coq&m&aﬁ%lg@a}eﬁmnomr cononomner (or cononomers), and/or hydrogen
25 can be periodjcally pulsed to the reactor, for instance, in a manner
simlar to tR&Eordieg| oyere jappect of themipseniNgvertiongghe solid pxids. matepigh ant
Publgoc atchaﬂwm-umw@&%&ﬁg it RS akaﬁﬂrﬁ&dﬁwmg IcEhpaient, | (P5RARCAAL €d
herein ea/ reference i'n their "entirety. Processes of the present iI‘'nvention
whi ch utefacironswithdrawiigasionsenise s Ferthen, tb@mﬂuomdngla@mahpma&mpbmmlly

cat al y sty CRIMARE thethl 1 mE afhdfidd Skifdd dﬁ() ?0191 a ;Tf%&l @gﬁthﬁ‘ hllegn;ﬁ&i 30

al um noxane, an organoboron conpoun , opt ona

or ganoalcmmmlm-t:@m@omhd oxidm Aechrding amdnmheroaspeqtmﬂf thdflprelsw@veonorarthm nt of
hydr oge t t I n proce (e.d. . .a conti.nuous
pol yner I@g a{ ?)%ﬁl@ rlpgtgléil %d ?lgctlpogx %{éﬁ aw%% %m&) fch won%cted and° Sl
201]2/50034@818%&]32010/ 001843 71 cat aI yst conmponent Il - i.e., conprising a

hydr ogen sca t al has dr ogen, r enov ctivity .that is
oY ogen Do B TPt B8 i, and) ki o N, G| WTE B G it
scavengico@pengltytallper saliau I’an (aaiﬂlbdfeMI e@éc&dn-@dﬂﬁﬂ](a@&gt dnjign, cdh ugludeuthydr ogen

scavengi ng..cat al yst_.can ren reat er than about 000 | es . of dr ogen
fromt ﬂ@oghmlafec{a oy gelling, co-ge 1ng, %regnat?on of one compound onto another, and the liKe. g

Thus, following any contacting method, the contacted mixture of the solid oxide, electron-

30  withdrawing anion, and optional metal ion, is calcined.
The solid oxide activator-support (i.e., chemically-treated solid oxide) thus can be

produced by a process comprising:



5 polynerization process per hour, for each nole of the hydrogen scavenging
catal yst present. |In another aspect, the hydrogen renoval activity is
greater tweroaboe9s10, 000, greater than about 15,000, gPeatuseomars4hbout
20, 000, or greater than about 25,000 gH2/(gCat-hr). In still another
aspect, the hydrogen scavenging catalyst (one or nore than one, if desired)
is characteriijyed Bohtdb@vyAGoRd bYide @a01id SRTaY wifhCdn &lédbnG¥idAtAVind Aabn about
30,000, greater than 10 about 35,00Q, or greater than about 40,000

gH2/ ( gCaPute sompaynd (qrcompaunds) tofempe first pirdurgyandogen renoval activity is
great er thanaboutygRinBP: filSf RAGRE td BAR tRABKHA oxide KR atoREupPbRat €r than about
100, 000 gH2/ (gCat. hr). "I n certain aspects, these hydrogen renoval
activities ofAceordingyelprnilay aspesyefiihe prgseahinyention, the selisk axiidesactiveipipwneert |11 can
be atd ai BrthiisydaE ot Hid s HOTRLABYE plocBRAbAGARE contains an al kenyl
noi ety, (and/“\c!)grﬁv\hen tsh-e olleef?i sh}g[gol rre?.fSOCpr odu_keﬁ %y the process is an

et hyl ene copd) yneeonizpiingg wlideerdde (orisplid oxidey ewitlr arfirstbelentron-v@thdrawiapout

0. 93 9o/ ¢y, emQl el .ymer produced by the process is an

et hyl ene coﬁg{&sérgémﬁ;\a?%}%a mslfrt nltﬁﬁ g%( in a range fromabout 0.1 to about 5
g/ 10 mi n, or 2)r onraltiong tige Frst wixgye tet praduge g/cdloinad first mextweul d be recogni zed
by a skilledjarti . rgF;[a . VA e’ many

pol yreri zat i 32 regc %Crtﬁl gll’?(l}lx Fr%ﬁgﬁ?tnc uyﬁ&llg?g%x%%%iecno? “l"?‘%?{l“gag %ltggt he

r eactlor soume esrhpaini tnfooh acetadynsiktucpapdnent |11, the reactor hydrogen

concentratio and.so. forth, This,hydrogen renpval, activity can be neasured

or determ neg)undgar]m%lﬁ?}i’ensﬁg%nsd TxH %(;%’ ‘%ﬂ? %@&@%’f‘fl%ﬁ&lgﬁtﬁﬂf%%ﬁs, as

il lustrated iAvcéodmgpd gst ahbthéPadphettof fiied present iAbdéntibhathe viednyicallyhecakeddblhiden

renoval activity of. a hydrogen scavengi ng,.catal yst. can be det.erm ned using

Lot o e ¥ inivSd Pr et 35 soR B g 2P i AT P s SRR cai |y

25 a 1-ghédnl 0tircs bblzgwnﬂﬁﬁﬁére the sdlil fgfde icSﬁfbMIhrﬂgﬁcalﬁﬁeﬁiegg{éleﬁﬁig??ﬁ dfteal

react or pressure, -. hexene, . o] rogen, . ate

al uni*ha, °'%et.a tlf}&tﬁwle&trq%mtﬁ?mgs PR S?lggec P?%WKTTF figre 'aﬁduh%a%fajasw? of

conponendlurhinoXz@ks, bitafioddRdrét dﬂ%irﬁb&iat@%bi-nﬁéhlﬁg, ahll ®oniMAY RERoMPOENGE! activity

of a hydrogen scaveg‘gl n%_Fcata yst, 0.5 m cronoles of the hydrogen

scavengi ng_stlfiringefl the freatsd selidseide genereleis candisted in pp amitieatatBOEIeRs ocesses

can be ’@gbﬁgﬁn%fdé%%&‘éhﬂ&m'&’;ﬁ{e%%{‘a {erfpanf2é frBﬁldalﬁSJ(\t”ﬂ)o“@to%Bﬁ‘t%o%
n-present y

hydr oge ring, a polynmerization process (e.dg., a continuous
pol yner iandtfoon tmmeoobglsiut 10menuga) thalomt 60 hbars. r@alviningpahyier agductéd atna an

al T eAha PORFSIS S ATTLRE R nde SIRBLIG0 57 OF RrpRry o< BReEF Rt Tt |

pol ymer i gl 400 °0rt6 B 700 ePL Calcidity dan YelRBndbcRETHCAHRT 3(Bmebted ty Sout 50
conposition, wherein the catalyst con‘qqgm tion conprises catal yst conponent
€,

|, an aciuigapifor gougl hogro abeitiladienste, Thin fererpmaleotaladnipp ean be @i anobor on
coMpoUNdgyy Sdfat ) to BBYht 20 hORKs 1P BAMR AT oM MR 356 VTRPAM: 554 CRAPT | Se
the step of introducing catalyst conponent |l, at a nolar ratio of TCatalyst
conponerfuitahle ambieat pmosplaip sae e amployed during greleaing. r Srangtabut cadoningtis about

1000541, : : ' |t er j : I nt |1
can be ATHUIRE A SkElint AERATIcky An £ AREhRL, of A bepfHERRE
cat al ystasaimgemerdargén, opa eslticihg stmasplrepe wedht as hhiydrapércér cagbioh snamoxide,rcam be ange
from abou 50:1 to about 500:1, or from about 100:1 to about 250:1, for 10
exanpl e. iese met hods of renoving hydrogen and/ or reducing the anmount of
hydr ogen i n &Accodingntoens agpmect ofthe padsetrninveation, ahe silid eddd marrialsiseetatsd can be

enpl oyed when the gat.al yst onent | tall ocene contai.ns an al kenyl

o ety it Syerotasafiloh: wfRRRES peemBrihen S, fior Beedled itk

et hylce /nema@lpieh,éa;mrthé}awlﬁgeﬁntoq?a?ihé yhel ?eﬁidaﬂﬁgeatéd @%ﬁcﬁ&ﬁ&i il0th8 JorinD oo Ut

0.93 g/cnB, an I en t ef . ner, .produce .the process is an 15
ot hy! anceeispBgienn. Burappt. et d s mriria Sahs Soodtiht Subec o Ree about 5
9/ 10 m ngerMed b FQifaBROaEen), % dolredd® Uhlodideiod/(tAnéd 41 chloriding dgedMahBirc@spect ,
catal yst conmponent Il - i.e., conprising a hydrogen scavengi ng catal yst -
can be enpleoyed in a nethod of transitioning between catal yst systens. For

i nstance, the hydrogen scavening catal yst can be introduced into a

pol yneri zation reactor 20 systemthat is transitioning froma Ziegler-Natta
catal yst system or froma chrom um catalyst system to a netall ocene

catal yst system In such circunstances, the reactor hydrogen (H2)
concentration may be reduced from about 0.5-4.0 nole percent to about

100- 500 ppm for exanple. The concentration of the reactants entering the
pol ymeri zati on reactor can be 25 controlled to produce resins with certain
physi cal and mechani cal properties. The proposed end-use product that wl|
be fornmed by the polynmer resin and the nethod of form ng that product

. . e o o - . . .



This invention is also directed to, and enconpasses, the polyners produced
by any of the polynerization processes disclosed herein. Articles of

manuf act we 20amob®sf or med from and/or can conprise, theCpaiSgie/s818ps oduced
in accordance with this invention. 5 Z0LYMERS AND ARTI CLES If the
resul tant pol yner produced in accordance with the present invention is, for

exanpl e,of afyoaly e (termeaomhumdmg)fa &irhY be B eombiratifh ARLEIS 88d €ABINEE to
characterized by various anal F t echni ques known and used in the

pol yol efArevide e delidoxideactivaters ﬁﬁ*rﬁ‘ﬁ@r‘F&E‘t‘@FOé SERROTH include iy arernehdimiedl/ or can
conpri sqe, blgiRUMMIERE, PRALXAR' Stufinal Iﬂu@ndéavﬁﬁ‘ltnhﬁn sul QS Slubnil &3 miifd

properti es are provi ded bel ow. processes di scl osed herein,

utilizi rigficeslimipyehlefided rsiliaclyiap, ﬂa@rategis&ﬂle;ﬁé%m swlfatedr siticrealuming/ or

cont 1501 grifias fica SireddiH Hiorifd SRBRERIRA! 1naBits AN ALERa PLAGRALr | N9 the
pol ymeri zation process, resulting in a polynmer having an 1ncrease

mol ecul aircoma,gfiorided silicarsitanite @lunzina |m¢etpéa§@dh%ﬂg¢wutame ragige sitisheoatbdir

wei ght e r (M).

I Some "hind BAGY R, KRG GRS JERS bnigg- Al ASd DI gl et U0
pr oducedcidy silibealymimseseatddewithy tiiBuangpacetit adig;slluocideh bowiaralumjnac aifliad yrsated
Co”pone%fﬂ 4etra l}onc a ﬁit a %ﬁ% H%Qe/a %tﬁ‘%t?arﬂug%gn acl:\Ac/iV gland/aoream)WL an

ol efin polymer oqb?al Red R 2Rt Fof EORdP TBIE W™ hout

cat aHOysthecdlmmphmphbmc acFid,r a ipil&treain cley, stuhla aMa pitlardld omoriinprilddnite heptiainefly n

pol ymer uc d cess n bhe fr 0 .about ., 10% to a ou 500%

great er, up rom %‘ &lg%‘?alﬁ’oﬁ?l?%%dﬁoat%%?@ S 8%03’853%"1‘1’5(2? atB%ut 200%

great er opﬁonmrlyaﬂmnt&d WHRO sutfate) dlubdride) Mo dhtede £br ahy @omdlmatién b5 %hé ab@bout 75%

greater, fromabout 15%to about at er n the Mv (and/or M) of

the ol efﬁ“@ﬁo?‘?ﬁ%ﬁ?ﬁt%@d SURPQE? °tt?éa'§%$?€%5&e§z‘ﬁ%rw ét‘?‘ﬂ% ®¥ndi ti ons

wi t hout cat afIytsEhecr‘nﬁBaJQ'lftﬁdatedlsbhd bxideeatdiprigsPBEdrided BRid\ideAinWMeforYdr of the
rocess is from25 about 10%to_ about 40%

ol ef in pol yme

o eker ARMFAIHESt) AR SPORITTp L Pudh EriecP I SBE IR S HER R ¢ he
same polayesridsit dgehk. cprrbdﬂtdrmasomctxheéltdd*eattaltn%m@@ﬁp@aﬁﬂﬁg h klurdynoraggor dance
with yet anather_ aspect of this invention, these increases in and/or in

Mh (e. g.oxidgHBarsuitas selvens suh asgimolarvaler ingndingdwt wpt imitedyisl the onate o of

cat al ystige TBRGR Nicohols betatlst! of Stheif %Bamgntnd' fowl Burfact 38GGon! 1 Esaxﬂ@@wof 40:1 to
about 1000:1, from about 50:1 to about 500:1, or 30 from about 100:1 to
about 250itable flepridingsagents include, buytjaxepgptdimited dndrydtofluetic acid (HEX pmgeniunr esent

el £ nco O B BB bR6GRR, AR donflef ApATEpoR IR, 00T

of this ammmmm siticofluveidd/(hexafiioposilidatd) (QFLRSiF), eﬁmronpmh wemafluproplthspleede O

componert TR dca (P i ARRhRRCRGa{SERES 568 (R HER. , v

and/ or Hlekdﬂwfozacnmd afid mm@,mfg,oﬂﬂmlnednaln*gdelrerédf,earﬂaﬁmbpmhymhuwﬂ ion

condi ti out, cat al C ent For | nce and/ or HLM
of the 8111%\"? Al o PRAEP ﬁ" éaﬁaquaqt%éa’b § cglo r fe?‘?)’HPhlﬁbdﬁ‘tnoi‘W to
abows 9%iidoeide , (NH,HF})abidube 1364 s tthe afb:@uamgcwgeﬁteme tbr @neadost udd%d 0 about
80% | ess, L‘%ﬂ‘m about 15%to about 70% 1| ess, from about 15%to about 60%

| ess, oV#ila8%bout 15%t o about 50% | ess, than the M and/or HLM of the

ol ef i n pol ymer deehéRiHReslidsRe i§ heatsPiEh Qﬂhdﬁ@ﬁ%ﬂlﬁlt QukirzORe ity sdpt hout
catal yst cogponent I1. In _anqgther aspect, .the and/ orr HLM_ of the olefin

pol yer 4P o@wéwgmsetwpﬁbleeéwwhbr eomiagting the solid p¥ide Wyting Buorlcaysg ¢ han
the M apgd/dah bEhibdd. Ofor BRahpPR, B KititdnRE HOE NuRIiRd mtswﬂzg@rfbeﬁ heeviARE
polynerrzatron condi tions wi t hout catal yst conponent . In accordance wth
yet Enotvelatileganiq flugriding aaemﬁvmq used. Em@éesaéwealg@sgamw flnoriding/agentsH M
(e.9., RO m]tﬁis/oaglﬁcla&(tﬂél 1lonGAdude b@tcené ﬁ(}(tqgm‘t%dttg f?eomglfyrﬂlf HeQar%f
cat al yst conponent Ito catalyst conponent In a range firom about 40:1 to
about 1@@61u9robﬁmm,aﬂwmm8ba@, triflueinsthtandlpand the likep anabomblnsmonﬂs thereatbout

500: 1, : rtain
aspect s CTRBE AR HD dederhfy ARG b chouirifo S2BHBRY e componld afE
and/or HLM, due to the incorporation of the hydrogen scavengi ng catal yst
of catalyst conponent Il can be attai ned when the catal yst conponent |

net al | ocene contains an al kenyl noi ety and/or when the ol efin pol yner
produced by the process is an ethylene copolynmer 20 having a density in a
range from about 0.89 to about 0.93 g/cnB. In other aspects, the present

i nventi on enconpasses nethods of increasing the Mv and/ or Mh, or decreasing
the M and/or HLM, of an ol efin polyner produced by an ol efin

pol yneri zati on process. One such nethod for increasing the Mv and/or M -
and/or decreasrng the M and/or HLM - of an oIefrn polyner produced by an

o Y -, = o o o o o, o .




conprises catal yst conponent |, an activator (e.g., an activator-support,
an al um noxane, etc.), and an optional organoal um num conpound, can

conpri se wheosttp19sf i ntroduci ng catal yst conponent |1, patr/ts20moloars43 ati o of
catal yst conmponent | to catal yst conpgnent Il in a range of from about 40:1
to about 1000: 1, to the catal yst conposition. Alternatively, catalyst 30

conponentledsk ﬂﬁ@tﬁﬂebq}a%élﬁﬁdlym s Budriie PIVPér MRAROEH,) itQ¥ A1 A6 BE YR WDl ar
rati o of catal yst conponent F to catal yst conmponent Il _which falls within a

range f iifrsdidoritidesef Huqrged yehile catraning. yiligondigirafbionde {81 ardycompaindos0: 1,

for ex a'EBﬁt@mmEh{e&aﬂﬁrMatE QBF, céis%ae?dnnge tehp1dyia. an@ﬁ@"comn(e%f‘%éﬂqoddGFr easi ng
the M and/or HLM) of the ole pol ymer can increase the

2011/ 00 Z20BHE/ 14 0xdo m@ahwgumlwwﬂs mae?n%er?eﬂl@rlémgr@gm iftegahy about

10% 50 abeis us%ﬁQo/ﬂﬁla&é/ﬂ%rsoq@sm@a@n I\%}%cl}ﬂatl?ﬁd/ or HLM by about 15%to about
95%, as conmpared to the Mwv and/ or M and/or HLM) of the olefin
pol ymer obt aSHeilprlyndeanether aspaet ?foﬂl}errmvﬁzm ohe elrmirallyoireatedi sdhiduexidat al yst
conmpone Q:BmHlses § gﬁﬁ&ﬁﬁ@d Jo‘l'ld os(ﬂl@ npf?lle ¥" qjartf&lﬂ%,l s%gg ﬁ@éﬂ?ﬁdeﬁ G Poxide
copol yners, terpolyners, C.) pro I'n accordance w processes of
this i nv%fwm%b)hmnéacanmlsehd wdécanbs shlbhang amutmwrm ion can Weﬂdﬂed ndi ces
in the e f 0 b / fr abutOlto
about 1683% 1(6(](1(?7&10[?? ﬁ’g@ g]%caosr}?&%%f;mt% %ﬁenl%glo%e&bg% ;g)?’elg nt (;l;‘h etsﬁll SRRV t|)on For
exanl e treategp stithreechlordiding) eggmt dseng the wakeiingsterec aAnk ahbrldmlg'eigbntl qaplable b a

rangefr m ut 1 ut 10.from a g]ut 2. or. _from
Zbout 0 BVl S sofrod oL SuRRE: S hordlenty SRR e 3508 o IR i
pol yrer sambe)dmdeshchsais r$gﬁlh h&iMeaCla| Ti€l,, BOkpasd the diks, idclading segtubssrtkéreot.

typi cal | l1s wt he ran efroma 0.89 to about Q.96 g/cnB, such
as, for \)’1 Ioégan?cr%) B%Itagﬁ“ §3% §° a5 tu%‘a&??es ?fof‘f‘g"ﬁfaﬁ‘gﬁ?gl (fgé‘g"to about
0.92 g/ Ccmbnding egeatsasyphede, ut t 4tk Snotnvidited 00, defisind@vsist Ypeddhldrbiengdéray | ene
pol Y n8. Yet, in

fro abo 0,90 t 9 /
P oter hibpmethant s S aromRone Ehlorotarm. o (LT TGP
g/ cnB  Orlike2drt iy tainbitativn tHefedM Basushs BydtdgdnChide tor @hRAnd/t6dBalso can b ef i n
poI ynmers of this invention may have increased | evels of unsaturation. For

i nst ancésehVilbMprohd gxida dudee 6%1“81“&( Smecenvenient metod of conipgiingiths oxdof this

i nvent i GRCHe cﬂaﬁanga%aavesr@%p&%ad chigd) r{geggera@w%ﬁtsk@ﬁn RIS fofiidlzd hat
falls within a rangé fromabout 1.01 20 to about 1 fromabout 1.01 to
about 75hei9ildp?“é?rﬂ%éﬁﬁalclna@9nto about 50. The average total polymer
unsajour at i On TRETanfolif B 'ﬂaoﬁ&eeo; Shidtiad! P pikdth 'RFor Rl thetYdHiAgAge acr 0SS
all polyner chains in the polyne I'n so aspects, the Taverage total

pol ymer gamssaltyuis dtomozbogbt te Hmun SQérbybeelgm, uhqraﬂgewethUmembmm base8 onshabout

o’ about . o e tah® of8! for Chaniele TyRENinids ke Ja0ng® ACHIMER S 257

f r om abanothé. ispeo:i dbtlmst i2entidny tit Amoursefefttaide corpctlyrider ionf prtckuns befovent i on

can have ge t o al t,i L,,Ghal n n a, ran bout 3 to
about 1(5alalnm 1df T éf%‘i‘aﬁ ?t Q%ngéfy % Weight, apd geco ngf{o &’S’but 3to
abo®s 6 aspencomm mgeﬂtlbﬁ from caboiitr 2to Muom%chyp@agm Atcording I&eyaadna{hyst

conposi tion typica i ncrea .t ot al sat urat.i ons

chai n aﬁa’efh%ytﬁﬁll ¥F'é’¥‘ ?ﬂantp%éﬁf"éﬁt ‘&g]“ﬁﬂge %31\ AR H&ST‘BQ’ gipre caleiping dh th| s

i nvent i @plid bki@e & B6MTHoLOY ab aB&UtYITRY byl %@%}Ml’ Tnlc® ImPREnIER Ivith Halidld)@hddO! yTET
pr oduced ﬁ%ﬁ]pol nmer i zatlgfgeprocesses di scl.osed herein can _be controlled in

a range ¢ fan; by Arieth By any suHable, method indpdings Jrut ot himyited topsugtion;| ene

po: yner |ﬁ4&‘4tio§i ﬂ&lc{%d%y@ﬁﬁdr&ﬂ&u&ﬁr@%dﬂ VB, 'sBAG dBYing, lahE tRMEE8 ot g al
ol ymer _unsaturatjon
P y it is also possible to initiate the calcining step immediately without drying the impregnated

solid oxide.
The silica-alumina used to prepare the treated silica-alumina typically has a pore

volume greater than about 0.5 cc/g. According to one aspect of the present invention, the



WD 2011/ 002498PCT/ US2010/ 001843 76 per chain can be controlled in a range
fromabout 1.5 to about 40; alternatively, from about 2 to about 20; or

al t er nat iwel2g11/doem about 2.5 to about 10. In accordanceCwuskoisoms4nspect s
of this invention, these unsaturati oyd evels can be achi eved and controll ed

with a nolar ratio of catal yst conponent | to catalyst conponent Il in a
range frgom ad0me isteredied thalabblit 019685 land decdriigtaARsther>Rpdet lof §en£L000 1,
fromabgut 50:1 to about 500:1, ?rom about 10Q0:1 to about 25 for

or
exanpl e.invention, ggeafer thag apeyt 1Pecels Hipribprethssil %é}unm*a geneelly H@%%‘F@PF %,ram have a
melt i n?emérm AbBaM0BRAYE. Ascddihg tdThibtHeR asheet dfthid ikvRAGGh, X M@ROME, 0. 01 to
about 1 a_density in a range fromabout 0.89 to about 0.96

g/ cnB, aﬁareatﬁr ﬁ%ﬁ%@é 25Qmafe. ptrtyirepotersaspest.4he wmfape prea @ greatprthpmakput ange
fromsaboysp /01 to about 50, or fromabout 1.5 to about 30. Another
illustrative ethylene polynmer of this invention can have a nelt index in a
range from aBdesiliga-alupinagpdized imthg/present invention sypidally hasam alumvimpecdntentn about
0.89 to 4 0 g 0 ainin
" range T oayeus &abghRBy RGETBedoRlfl e WBE: MR e D o fimibd

honmopol yaeetest, of dhypsiligaduminatie frowl aparetr Sto bt 5§&ﬂ),fooﬁpm abbBt §%rto beout 30%ed i nt o
vari ous - j i s of
this i nver#llhgrltﬁﬁvncéhude HIE) ﬁetrlé cﬁg%é}{ flmrln]gﬁig\év%tg& Sglz&éag‘?‘?% ?%Pgﬁd%i xEn an

aut olrﬁobldna)lmd,tlp wiucbntlht Iabl,mlaa cbnnmt oﬁﬂfesdmhcaenlmﬁmbrcompotmdﬁ mmlcapjackt@t ng film
or cont Q i aft ge

householaﬂr cént Lgl gr?e/?qo ag?ut &d%/‘” hgfnd o8 i r6 gﬁ’utc?t ﬁ)out égoé" cagqml%\?ly cvé'éléﬁ

mat er i aIAccardpngpe) ya abthet aspectt af)ehls mvbmtym, amdsdlildeoyhdé(eomp(arenou:snmwcesses
can bee edt02 formthese rtlc n.li.m.ting e |.es af these
pr ocesses mlﬁ%lwdﬁgu ' %aCtaflg] ‘?8? g an Sﬂ%?afﬁlbls "i‘vtff‘g?lf’)c()‘ﬁg?dﬁﬁf”ﬂflﬁg, film
extrusi mompsﬂimeéoxﬁpﬁseua]mrmt}muoiluinmaext r usi on, thernoform ng, and the like.
Addi tional |l y addt Handdm) fiers gye of t en ddegeto t hese oI yners in
ordel to prodiasutan 15? K195 SempEses fe Aod Ay sdid exide GeUPHEEH ¢ ‘E as

att ri butahsminz bEe{RédRIliRRina, in thelfoemiof ¥ Paiticlateisslid. UDplisTally, the!silfatddestideys t he
foll ow ng exanpl es, whi ch are not to be caonstrued in_any way as i nmposing

i ni t at i FAed (dBrihes ovidy  eetgls iop such that dhey faéﬂnedv%ﬂlfa@dso’%@%qmmss%et@etal

enmbodi MeAdcssdid0d| dnk G83cPHSthe %Péierﬁqme\ﬁ%@ rﬂﬁessutlfiaﬁﬂ &8fid WRidg Iaomﬁlfﬁeg rsul'fﬁ@-d I'ng
the description herein, my suggest thenselves to one of ordinary skill in
the art anftahoune 300 supainsianesss fheraulfated slyming isdprmadebyne @sessss Whereintthon or

t he o] [

ot e pasya i Becionoioea CulthplsBtcs T ggbfpls bRk hn. BB BFSMHEE oy
WO 2011/@0@98@@1!82@&@@6@&8418 gererally Perﬁelngfhi byofedmimg| a slimy] ek the tluivhipa g/ 10

m n) Was, %eéu%ﬁik @8% 1:1t (BC% ?omper A@TMIBH%%% redL%angm’f‘Anoﬂ ‘} tﬁg' 600
gram wei ght . y was determ ne per cu

cent i metselat{ng/agent hamb&n(midqzd e%tstabh qngﬂncbazbl\sauspﬂwdudecbml aedmatlumtndub t]h5 C per

hour, and conditioned f bout roo te er at ure in
accor danc§ ?M ﬁ?cﬁ%‘ﬁ{/ﬁ %B%g cﬁ‘cljseﬂg ffjfgi%a’ aﬁ}bé age Mol ecul ar
wei it s and rekadingas oneiagpect of giis inbeﬁtioﬁﬁﬁle\bﬁfo&nt&iﬂ ﬁllfaedomq»rd@@tebefﬂre 220 SEC

high te tature. chronmato oratorles

trichl o%ﬁgﬁ%ﬁeﬁ C%}“taﬁ)sjg %’%bwé}jeﬂ?‘& YY'ﬁ‘g{ét P8l 1P de aby i%ﬁ‘ﬁ? Rute at a
t enper atwiight @blid.&Gd&C. Aaid?dlﬁg) to 4ndilfer dspe&tafﬂthxbbﬁv)éhud}r mtdhyduﬂhmllﬂneabn a
concent ratl 0 f 0.5 ¢ sed as_ a stabilizer in the TCB. injection
Vol une. dresspicbe ?qrtcmgmgg%ﬁam AU AP0 B3 Pindreight seliatk ioaito ahou(sfl é

ng/ L. [iaf§ By Weighisofill okide, aiBtdRding tdtilitinbihgeBpdctBr WRSinetibh, Sthn? Bl oub Y
heating at 150 for 5 hours W th occasional, gentle agitation. The col unms

usecPOneretor ahouie3(opagts) byvsight sulfpss igp o byt 160 B ighheplidegridee aThese at ed
with a hyg ritio@‘i?erbag&i a(ﬂh@we?g}ﬁ o?ﬁ@@glfi’d &:&ébéfg’ﬂa'cucim. “@tggﬁﬁg%aﬁw 5003)

for which the nol ecul ar wei ght been determ ned ) al um na
was f or riith sfatg, the swléated eafidercan rbe drledrbm@weagahim@mheémoyldmehute@t limited a

sul fate or bisulfate source. Such a sulfate or bisulfate source may

i nclude, for exanple, sulfuric acid, amonium sul fate, or ammoni um
bisulfate. In an exenplary procedure, a commercial alumna sold as WR
Grace Alum na A was sul fated by




20 i npregnation with an aqueous sol ution containing about 15-20% (NH4) 2S04
or H2SO4. This sulfated alum na was calcined at 550 Cin air (240 C hr ranp
rate), wiwbai11dovshol d period at this tenperature. Aftecrasdyionhs4zul f at ed
al um na was col |l ected and stored undeggthy nitrogen, and was used w t hout
exposure to the atnosphere. Exanples 1-74 and 80-84 were conducted in a

one- gal | @Nsition Hiltesion FoMhedTeva baxtaﬁ@n ih@ afde? vacduf) Rptad Niyiaf Jardl dﬁyl
al um num co- catgk]ést were used in all ymerizatign experinents.

typi cal {5259 Rostible Ringiaigthe eﬂﬁa@sﬁt@a igmedigtelYons: al kyl aI um num
(TIBA t r i SQ@ébﬁﬂh@I 16NdrdthHe} aspgeBCoMt IpYRER! invdABER the Q&Wa&ﬁk\?ﬁpoﬂ Wing) and

the nmetal | ocene were added in _order through a char ge port ile venting
i sobut an¥eRAEPSr the TeAtAlysh agamepositipns i sthis wéﬂlo&namab@‘i?ﬁ an |ion- @fcbamﬁfablsObut ane

wer e ﬁdd&QVata}b&lpﬁ&{‘tﬁah&anbut I?l@t agnt{a@%tsﬁfcat\é%ﬁ ﬁﬁlhfnﬁﬁﬁcag@g?rgﬁg g ho the

desired run tenperature, and hyl ene was then introduc
desi r ed BHSEH cfffer vithdayered OTEPWE}YGWQ sﬂn@urﬁs@n@norublmmlsmrm| frt atiother he

speci fi eﬂ &4t GPﬁlwlﬂangf)n, i exh efa?lﬁqg&e%wélﬂnﬁ551ﬁ&%es§9%1¥uggaélilzr@& Elg?s fyn. The

reactor Was mmintalned and cont at t esire enperatur e
t hr oughotsed aswstivargy- smmqmd&h@ahammszm\@mems cpippiedsyamaen-gechamgeabléjpon

conpl et z&'ﬂvat@rr -S g#rp @@ &ﬁ'g)ntrilll@nﬁ% qg{tbcpq'nh%? leraytnOn engctr%B Wllh pa%uﬁ;é(r)r\éyal}l\? Zr

st opped and or vapor ,
t he Heacsuoh aqoﬂles;:shw@swhherghombuyghmaw thé fon eAblnaagmlq aceivgtpr-mpbgrrlt emtf | ow

was agai nto.the.reactor and the reaction was allowed to run
addi ti ontg?ake{alkvﬁg’da% ?e%fr Itltr\lmthhrag'u%ﬁantl%e reaction and 5 the aforenentioned vent

of f. The readtwordimestoomerted aspedt bf\ﬁegﬁbspﬁemvaﬁmﬂud{e avtisatoesuppert od tind dri ed
under vacuum at ﬁ@gr oximat el EXAMVPLES 1-2

h
L ogectioR (coRiRES LER kel S sednedOR . r1are 4ok, B AaBNE PFBA. 10

The condéxphmtivg. € Mppioyleclayriferal ﬁcﬁﬁﬁﬁot-mbpbmhﬂb ubge: &t P 1&;11te3418 R g
et hy{ ne f obut ne ted al umna, O. 0 g of the

sul f
met a oceé‘ﬁ ang%ﬁt?ie kaysreflrﬁ UgHnopt K?P‘FF gaﬁ?ﬁﬂ@%pé}a"%n@mﬁé’%&“’dﬁ”ﬁ FRBROTEdRdi t i ons

|l ed to ame®st isdt f@dantib bk @bnsta®hs MO IneAR A ri’en?gf the 3Rd1yat ddnfPeékidioy udme of
2.5 L (for the 1l-gallon reaction vessel) g this 15 information, the

react or PUELIS 1Q AR spRsidessiamactiye part of g Crﬁabebc@P%a'ﬁablpeéaw of éts drtimaty smal |

level s ofssdtittibR 98M the mbBoc¢APm dpm@,ge of the reactor, the nole ppmlevel of
hydrogen in the reactor can be t erm ned. In Exanple 1, no

met al | ocene, ASGPIEEet? anaiber raspecsrof Tthe/mresers iaMentigad theoclay anatesinds of thiThe
amowy  ofvdarigh Qﬂ&ﬁﬂfeﬁpssﬁlraféﬁgls'er\h&lﬂ'ﬁl %@i‘?q{atu%%%‘?e %gxma't %ngeewéayeae\gﬁﬁ 0 be

about 6 ppm 20at t psi g pressure no netall ocene
was chargeidug ions hp wettingt ém. exthanganenpitlarofg. hM@QEnthd whyt roatsuid] faatieadoral unmi na

and TB3A§u1§‘?t§'t gp{h?sr 1%&1%{3n c8mB§se§Q?a% tHa% hQ&enﬂJee%NeP)lc‘c%anged with large cations,

including polynuclear, highly charged metal complex cations. However, the clay material

activator-supports of this invention also encompass clays that have been ion exchanged with

25  simple salts, including, but not limited to, salts of Al(III), Fe(Il), Fe(Ill), and Zn(I) with
ligands such as halide, acetate, sulfate, nitrate, or nitrite.

According to another aspect of the present invention, the activator-support comprises

a pillared clay. The term “pillared clay” is used to refer to clay materials that have been ion

exchanged with large, typically polynuclear, highly charged metal complex cations.

30  Examples of such ions include, but are not limited to, Keggin ions which can have charges

such as 7+, various polyoxometallates, and other large ions. Thus, the term pillaring refers to

a simple exchange reaction in which the exchangeable cations of a clay material are replaced

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



25 Hydrogen generated by MET-1-A and di nucl ear DMET-1-A in olefin

pol yneri zati on Under the conditions of Exanple 1, the polynerizations
of Exanplwe 28t1%oe4981 i zed either 0.5 ng of MET-1-A or 1 mgTafS20ObETSH3 A, and
the reaction tinmes and anpbunt of 1- h@gxene conmononer listed in Table I.

D nucl ear DVET-1-A, a honodi nucl ear conpound 30 derived from MET-1-A, can

be prepamabilze® GBI fRCGAtehydrs bl thePEINE Bkt WBed 8R6MEP AR Edhvblted PREGRNt
Publ i cati on No. 2009-0170690, which is incorporated herein by reference in

its entioiteypillars,” effestiyely seppettingdhe slay fayers 5§ &plumacikgestueiresd TBYRI96 t h no

1- hexengnhg RPROURED RAE28Bined B! (hrdiued &e J,u%@rhﬁ giuawgét%@rn clﬁ? Neyeaenps at ed
when t he conononer was present, and WO 11/% 2498PCT/ US2010/001843 79

when r e&&P3ngded lattigs sfristurenis maaintained epdithe nosfix i phaneadn dThe wating peree \C/ivas
I h ; ' ] T : Ml e aflydrogen
ess shyqh@ g%’? i @%‘EE l@ltéds Qgﬁ %E 4 Emgmai of4| tféf%gm Whebdia1 Mad e rF%ﬁglnT@lQ{r Gateria

generation np tal'yst Reactio mn) 1-hexene
(9) HydrusefenEgpmplps of ptgring andspillgregicdays are found in: T.J. Pinnavaia, Science 220

(4595), 365-371 (1983); J.M. Thomas, Intercalation Chemistry, (S. Whittington and A.

Jacobson, eds.) Ch. 3, pp. 55-99, Academic Press, Inc., (1972); U.S. Patent No. 4,452,910,

U.S. Patent No. 5,376,611; and U.S. Patent No. 4,060,480; the disclosures of which are
10  incorporated herein by reference in their entirety.

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

15  tri-octahedral (Mg) and derivatives thereof such as montmorillonites (bentonites),
nontronites, hectorites, or laponites; halloysites; vermiculites; micas; fluoromicas; chlorites;
mixed-layer clays; the fibrous clays including but not limited to sepiolites, attapulgites, and
palygorskites; a serpentine clay; illite; laponite; saponite; and any combination thereof. In
one aspect, the pillared clay activator-support comprises bentonite or montmorillonite. The

20  principal component of bentonite is montmorillonite.

The pillared clay can be pretreated if desired. For example, a pillared bentonite is
pretreated by drying at about 300 °C under an inert atmosphere, typically dry nitrogen, for
about 3 hours, before being added to the polymerization reactor. Although an exemplary
pretreatment is described herein, it should be understood that the preheating can be carried

25  out at many other temperatures and times, including any combination of temperature and
time steps, all of which are encompassed by this invention.

The activator-support used to prepare the catalyst compositions of the present
invention can be combined with other inorganic support materials, including, but not limited
to, zeolites, inorganic oxides, phosphated inorganic oxides, and the like. In one aspect,

30 typical support materials that are used include, but are not limited to, silica, silica-alumina,
alumina, titania, zirconia, magnesia, boria, thoria, aluminophosphate, aluminum phosphate,

silica-titania, coprecipitated silica/titania, mixtures thereof, or any combination thereof.



MET-1-A 60 5 287 5 MET-1-A 120 0 297 6 MET-1-A 140 5 370 7 DVET-1-A 60 0 30
8 DVET-1-A 60 5 36

WO 2011/002498 PCT/US2010/001843
50
According to another aspect of the present invention, one or more of the metallocene
compounds and/or hydrogen scavenging catalysts can be precontacted with an olefin
monomer and an organoaluminum compound for a first period of time prior to contacting this
mixture with the activator-support. Once the precontacted mixture of the metallocene
5 compound and/or hydrogen scavenging catalyst, olefin monomer, and organoaluminum
compound is contacted with the activator-support, the composition further comprising the
activator-support is termed a “postcontacted” mixture. The postcontacted mixture can be
allowed to remain in further contact for a second period of time prior to being charged into
the reactor in which the polymerization process will be carried out.

10 According to yet another aspect of the present invention, one or more of the
metallocene compounds and/or hydrogen scavenging catalysts can be precontacted with an
olefin monomer and an activator-support for a first period of time prior to contacting this
mixture with the organoaluminum compound. Once the precontacted mixture of the
metallocene compound and/or hydrogen scavenging catalyst, olefin monomer, and activator-

15 support is contacted with the organoaluminum compound, the composition further
comprising the organoaluminum is termed a “postcontacted” mixture. The postcontacted
mixture can be allowed to remain in further contact for a second period of time prior to being

introduced into the polymerization reactor.

20 ORGANOALUMINUM COMPOUNDS
In some aspects, catalyst compositions of the present invention can comprise one or
more organoaluminum compounds. Such compounds can include, but are not limited to,
compounds having the formula:
R)AL
25  where RC is an aliphatic group having from 1 to 10 carbon atoms. For example, RC can be
methyl, ethyl, propyl, butyl, hexyl, or isobutyl.
Other organoaluminum compounds which can be used in catalyst compositions
disclosed herein can include, but are not limited to, compounds having the formula:
AIX)(X)3.m
30  where X is a hydrocarbyl; X® is an alkoxide or an aryloxide, a halide, or a hydride; and m is
from 1 to 3, inclusive. Hydrocarbyl is used herein to specify a hydrocarbon radical group and

includes, but is not limited to, aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl, cycloalkadienyl,
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5  example, X* can be methyl, ethyl, propyl, n-butyl, sec-butyl, isobutyl, or hexyl, and the like,
in yet another aspect of the present invention. »

According to one aspect of the present invention, X® is an alkoxide or an aryloxide,
any one of which has from 1 to 18 carbon atoms, a halide, or a hydride. In another aspect of
the present invention, X° is selected independently from fluorine and chlorine. Yet, in

10  another aspect, X® is chlorine.

In the formula, AI(X*)n(X®)3.m, m is a number from 1 to 3, inclusive, and typically, m
is 3. The value of m is not restricted to be an integer; therefore, this formula includes
sesquihalide compounds or other organoaluminum cluster compounds.

Examples of organoaluminum compounds suitable for use in accordance with the

15 present invention include, but are not limited to, trialkylaluminum compounds,
dialkylaluminum  halide = compounds, dialkylaluminum  alkoxide = compounds,
dialkylaluminum hydride compounds, and combinations thereof. Specific non-limiting
examples of suitable organoaluminum compounds include trimethylaluminum (TMA),
triethylaluminum (TEA), tri-n-propylaluminum (TNPA), tri-n-butylaluminum (TNBA),

20 triisobutylaluminum (TIBA), tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum
hydride, diethylaluminum ethoxide, diethylaluminum chloride, and the like, or combinations
thereof. In some aspects, the organoaluminum compound comprises TMA, TEA, TNPA,
TNBA, TIBA, tri-n-hexylaluminum, tri-n-octylaluminum, or a combination thereof;
alternatively, comprises TMA; alternatively, comprises TEA; alternatively, comprises TNPA;

25  alternatively, comprises TNBA; alternatively, comprises TIBA; alternatively, comprises tri-n-
hexylaluminum; or alternatively, comprises tri-n-octylaluminum.

The present invention contemplates a method of precontacting a metallocene
compound and/or a hydrogen scavenging catalyst with an organoaluminum compound and an
olefin monomer to form a precontacted mixture, prior to contacting this precontacted mixture

30  with an activator-support to form a catalyst composition. When the catalyst composition is
prepared in this manner, typically, though not necessarily, a portion of the organoaluminum
compound is added to the precontacted mixture and another portion of the organoaluminum

compound is added to the postcontacted mixture prepared when the precontacted mixture is
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contacted with the solid oxide activator-support. However, the entire organoaluminum
compound can be used to prepare the catalyst composition in either the precontacting or

postcontacting step. Alternatively, all the catalyst components are contacted in a single step.
Further, more than one organoaluminum compound can be used in either the
5  precontacting or the postcontacting step. When an organoaluminum compound is added in
multiple steps, the amounts of organoaluminum compound disclosed herein include the total
amount of organoaluminum compound used in both the precontacted and postcontacted
mixtures, and any additional organoaluminum compound added to the polymerization
reactor. Therefore, total amounts of organoaluminum compounds are disclosed regardless of
10  whether a single organoaluminum compound or more than one organoaluminum compound

1s used.

ALUMINOXANE COMPOUNDS
The present invention further provides a catalyst composition which can comprise an
15  aluminoxane compound. As used herein, the term “aluminoxane” refers to aluminoxane
compounds, compositions, mixtures, or discrete species, regardless of how such
aluminoxanes are prepared, formed or otherwise provided. For example, a catalyst
composition comprising an aluminoxane compound can be prepared in which aluminoxane is
provided as the poly(hydrocarbyl aluminum oxide), or in which aluminoxane is provided as
20  the combination of an aluminum alkyl compound and a source of active protons such as
water. Aluminoxanes are also referred to as poly(hydrocarbyl aluminum oxides) or
organoaluminoxanes.
The other catalyst components typically are contacted with the aluminoxane in a
saturated hydrocarbon compound solvent, though any solvent that is substantially inert to the
25  reactants, intermediates, and products of the activation step can be used. The catalyst
composition formed in this manner is collected by any suitable method, for example, by
filtration. Alternatively, the catalyst composition is introduced into the polymerization
reactor without being isolated.
The aluminoxane compound of this invention can be an oligomeric aluminum
30 compound comprising linear structures, cyclic structures, or cage structures, or mixtures of

all three. Cyclic aluminoxane compounds having the formula:
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—(Al\l—of
R P

wherein R in this formula is a linear or branched alkyl having from 1 to 10 carbon atoms, and
p is an integer from 3 to 20, are encompassed by this invention. The AIRO moiety shown

here also constitutes the repeating unit in a linear aluminoxane. Thus, linear aluminoxanes

R
RfAl—ofAl
| q \R
R ;

wherein R in this formula is a linear or branched alkyl having from 1 to 10 carbon atoms, and

5  having the formula:

q is an integer from 1 to 50, are also encompassed by this invention.
Further, aluminoxanes can have cage structures of the formula R'5,+aRb,_aAl4,O3,,

10  wherein R' is a terminal linear or branched alkyl group having from 1 to 10 carbon atoms; R®
is a bridging linear or branched alkyl group having from 1 to 10 carbon atoms; r is 3 or 4;
and a is equal to nai3) - no@) + now), wherein na) is the number of three coordinate aluminum
atoms, no() is the number of two coordinate oxygen atoms, and ng) is the number of 4
coordinate oxygen atoms.

15 Thus, aluminoxanes which can be employed in the catalyst compositions of the
present invention are represented generally by formulas such as (R-Al-O),, R(R-Al-O),AIR,
and the like. In these formulas, the R group is typically a linear or branched C;-Cs alkyl,
such as methyl, ethyl, propyl, butyl, pentyl, or hexyl. Examples of aluminoxane compounds
that can be used in accordance with the present invention include, but are not limited to,

20  methylaluminoxane, ethylaluminoxane, n-propylaluminoxane, iso-propylaluminoxane, n-
butylaluminoxane, t-butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, 1-
pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane, isopentylaluminoxane,
neopentylaluminoxane, and the like, or any combination thereof. Methylaluminoxane,
ethylaluminoxane, and iso-butylaluminoxane are prepared from trimethylaluminum,

25  triethylaluminum, or triisobutylaluminum, respectively, and sometimes are referred to as
poly(methyl aluminum oxide), poly(ethyl aluminum oxide), and poly(isobutyl aluminum

oxide), respectively. It is also within the scope of the invention to use an aluminoxane in
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formulas (R-Al-O), and R(R-Al-O)4AIR;, respectively. In some aspects, p and q are at least
5 3. However, depending upon how the organoaluminoxane is prepared, stored, and used, the
value of p and q can vary within a single sample of aluminoxane, and such combinations of
organoaluminoxanes are contemplated herein.
In preparing a catalyst composition containing an aluminoxane, the molar ratio of the
total moles of aluminum in the aluminoxane (or aluminoxanes) to the total moles of

10 metallocene compound(s) in the composition is generally between about 1:10 and about
100,000:1. In another aspect, the molar ratio is in a range from about 5:1 to about 15,000:1.
Optionally, aluminoxane can be added to a polymerization zone in ranges from about 0.01
mg/L to about 1000 mg/L, from about 0.1 mg/L to about 100 mg/L, or from about 1 mg/L to
about 50 mg/L.

15 Organoaluminoxanes can be prepared by various procedures. Examples of
organoaluminoxane preparations are disclosed in U.S. Patent Nos. 3,242,099 and 4,808,561,
the disclosures of which are incorporated herein by reference in their entirety. For example,
water in an inert organic solvent can be reacted with an aluminum alkyl compound, such as
(R%);3Al, to form the desired organoaluminoxane compound. While not intending to be bound

20 by this statement, it is believed that this synthetic method can afford a mixture of both linear
and cyclic R-Al-O aluminoxane species, both of which are encompassed by this invention.
Alternatively, organoaluminoxanes are prepared by reacting an aluminum alkyl compound,
such as (RC)3A1, with a hydrated salt, such as hydrated copper sulfate, in an inert organic
solvent.

25
ORGANOBORON/ORGANOBORATE COMPOUNDS

According to another aspect of the present invention, the catalyst composition can
comprise an organoboron or organoborate compound. Such compounds include neutral
boron compounds, borate salts, and the like, or combinations thereof. For example,

30 fluoroorgano boron compounds and fluoroorgano borate compounds are contemplated.

Any fluoroorgano boron or fluoroorgano borate compound can be utilized with the
present invention. Examples of fluoroorgano borate compounds that can be used in the

present invention include, but are not limited to, fluorinated aryl borates such as N,N-
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dimethylanilinium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, lithium  tetrakis(pentafluorophenyl)borate, = N,N-
dimethylanilinium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, triphenylcarbenium
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, and the like, or mixtures thereof. Examples of
fluoroorgano boron compounds that can be used as co-catalysts in the present invention
include, but are not limited to, tris(pentafluorophenyl)boron, tris[3,5-bis(trifluoromethyl)-
phenyl]boron, and the like, or mixtures thereof. Although not intending to be bound by the
following theory, these examples of fluoroorgano borate and fluoroorgano boron compounds,
and related compounds, are thought to form “weakly-coordinating” anions when combined
with organometal or metallocene compounds, as disclosed in U.S. Patent 5,919,983, the
disclosure of which is incorporated herein by reference in its entirety. Applicants also
contemplate the use of diboron, or bis-boron, compounds or other bifunctional compounds
containing two or more boron atoms in the chemical structure, such as disclosed in J. Am.
Chem. Soc., 2005, 127, pp. 14756-14768, the content of which is incorporated herein by
reference in its entirety.

Generally, any amount of organoboron compound can be used. According to one
aspect of this invention, the molar ratio of the total moles of organoboron or organoborate
compound (or compounds) to the total moles of metallocene compounds in the catalyst
composition is in a range from about 0.1:1 to about 15:1. Typically, the amount of the
fluoroorgano boron or fluoroorgano borate compound used is from about 0.5 moles to about
10 moles of boron/borate compound per mole of metallocene compounds (catalyst
component I, catalyst component II, and any other metallocene compound(s)). According to
another aspect of this invention, the amount of fluoroorgano boron or fluoroorgano borate
compound is from about 0.8 moles to about 5 moles of boron/borate compound per mole of

metallocene compounds.

IONIZING IONIC COMPOUNDS

The present invention further provides a catalyst composition which can comprise an
ionizing ionic compound. An ionizing ionic compound is an ionic compound that can
function as a co-catalyst to enhance the activity of the catalyst composition. While not
intending to be bound by theory, it is believed that the ionizing ionic compound is capable of
reacting with a metallocene compound and converting the metallocene into one or more

cationic metallocene compounds, or incipient cationic metallocene compounds. Again, while
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not intending to be bound by theory, it is believed that the ionizing ionic compound can

function as an ionizing compound by completely or partially extracting an anionic ligand,

possibly a non-alkadienyl ligand, from the metallocene. However, the ionizing ionic

compound is an activator or co-catalyst regardless of whether it is ionizes the metallocene,
5  abstracts a ligand in a fashion as to form an ion pair, weakens the metal-ligand bond in the

metallocene, simply coordinates to a ligand, or activates the metallocene by some other

mechanism.

Further, it is not necessary that the ionizing ionic compound activate the metallocene
compound(s) only. The activation function of the ionizing ionic compound can be evident in

10  the enhanced activity of catalyst composition as a whole, as compared to a catalyst
composition that does not contain an ionizing ionic compound.

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

15  butyl)ammonium tetrakis(3,5-dimethylphenyl)borate, tri(n-butyl)ammonium tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate, tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate,
N,N-dimethylanilinium tetrakis(p-tolyl)borate, N,N-dimethylanilinium tetrakis(m-
tolyl)borate, N,N-dimethylanilinium tetrakis(2,4-dimethylphenyl)borate, N,N-
dimethylanilinium tetrakis(3,5-dimethylphenyl)borate, N,N-dimethylanilinium tetrakis|3,5-

20  bis(trifluoromethyl)phenyl]borate, N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium tetrakis(p-tolyl)borate, triphenylcarbenium tetrakis(m-tolyl)borate,
triphenylcarbenium tetrakis(2,4-dimethylphenyl)borate, triphenylcarbenium tetrakis(3,5-
dimethylphenyl)borate, triphenylcarbenium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
triphenylcarbenium tetrakis(pentafluorophenyl)borate, tropylium tetrakis(p-tolyl)borate,

25  tropylium tetrakis(m-tolyl)borate, tropylium tetrakis(2,4-dimethylphenyl)borate, tropylium
tetrakis(3,5-dimethylphenyl)borate, tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate,
tropylium tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,
lithium tetraphenylborate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-tolyl)borate,
lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-dimethylphenyl)borate,

30 lithium tetrafluoroborate, sodium tetrakis(pentafluorophenyl)borate, sodium
tetraphenylborate, sodium tetrakis(p-tolyl)borate, sodium tetrakis(m-tolyl)borate, sodium
tetrakis(2,4-dimethylphenyl)borate, sodium tetrakis(3,5-dimethylphenyl)borate, sodium
tetrafluoroborate, potassium tetrakis(pentafluorophenyl)borate, potassium tetraphenylborate,
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10 tetrakis(pentafluorophenyl)aluminate, potassium tetraphenylaluminate, potassium tetrakis(p-
tolyl)aluminate, potassium tetrakis(m-tolyl)aluminate, potassium tetrakis(2,4-
dimethylphenyl)aluminate, potassium tetrakis (3,5-dimethylphenyl)aluminate, potassium
tetrafluoroaluminate, and the like, or combinations thereof. Ionizing ionic compounds useful
in this invention are not limited to these; other examples of ionizing ionic compounds are
15 disclosed in U.S. Patent Nos. 5,576,259 and 5,807,938, the disclosures of which are

incorporated herein by reference in their entirety.

OLEFIN MONOMERS
Unsaturated reactants that can be employed with catalyst compositions and
20  polymerization processes of this invention typically include olefin compounds having from 2
to 30 carbon atoms per molecule and having at least one olefinic double bond. This invention
encompasses homopolymerization processes using a single olefin such as ethylene or
propylene, as well as copolymerization, terpolymerization, etc., reactions using an olefin
monomer with at least one different olefinic compound. For example, the resultant ethylene
25  copolymers, terpolymers, etc., generally contain a major amount of ethylene (>50 mole
percent) and a minor amount of comonomer (<50 mole percent), though this is not a
requirement. Comonomers that can be copolymerized with ethylene often have from 3 to 20
carbon atoms in their molecular chain.
Acyclic, cyclic, polycyclic, terminal (a), internal, linear, branched, substituted,
30  unsubstituted, functionalized, and non-functionalized olefins can be employed in this
invention. For example, typical unsaturated compounds that can be polymerized with the
catalyst compositions of this invention include, but are not limited to, ethylene, propylene, 1-

butene, 2-butene, 3-methyl-1-butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene,
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4-methyl-1-pentene, 1-hexene, 2-hexene, 3-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene,
3-heptene, the four normal octenes (e.g., 1-octene), the four normal nonenes, the five normal
decenes, and the like, or mixtures of two or more of these compounds. Cyclic and bicyclic
olefins, including but not limited to, cyclopentene, cyclohexene, norbomnylene,
norbornadiene, and the like, also can be polymerized as described above. Styrene can also be
employed as a monomer in the present invention. In an aspect, the olefin monomer is a C,-
Co olefin; alternatively, the olefin monomer is ethylene; or alternatively, the olefin monomer
is propylene.

When a copolymer (or alternatively, a terpolymer) is desired, the olefin monomer can
comprise, for example, ethylene or propylene, which is copolymerized with at least one
comonomer. According to one aspect of this invention, the olefin monomer in the
polymerization process comprises ethylene. In this aspect, examples of suitable olefin
comonomers include, but are not limited to, propylene, 1-butene, 2-butene, 3-methyl-1-
butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-
hexene, 2-hexene, 3-ethyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 1-decene,
styrene, and the like, or combinations thereof. According to one aspect of the present
invention, the comonomer can comprise 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene,
styrene, or any combination thereof.

Generally, the amount of comonomer introduced into a reactor zone to produce the
copolymer is from about 0.01 to about 50 weight percent of the comonomer based on the
total weight of the monomer and comonomer. According to another aspect of the present
invention, the amount of comonomer introduced into a reactor zone is from about 0.01 to
about 40 weight percent comonomer based on the total weight of the monomer and
comonomer. In still another aspect, the amount of comonomer introduced into a reactor zone
is from about 0.1 to about 35 weight percent comonomer based on the total weight of the
monomer and comonomer. Yet, in another aspect, the amount of comonomer introduced into
a reactor zone is from about 0.5 to about 20 weight percent comonomer based on the total
weight of the monomer and comonomer.

While not intending to be bound by this theory, where branched, substituted, or
functionalized olefins are used as reactants, it is believed that a steric hindrance can impede
and/or slow the polymerization process. Thus, branched and/or cyclic portion(s) of the olefin
removed somewhat from the carbon-carbon double bond would not be expected to hinder the

reaction in the way that the same olefin substituents situated more proximate to the carbon-

Tabl e
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carbon double bond might. According to one aspect of the present invention, at least one
monomer/reactant is ethylene, so the polymerizations are either a homopolymerization
involving only ethylene, or copolymerizations with a different acyclic, cyclic, terminal,
internal, linear, branched, substituted, or unsubstituted olefin. In addition, the catalyst
5  compositions of this invention can be used in the polymerization of diolefin compounds

including, but not limited to, 1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

CATALYST COMPOSITION
The present invention employs catalyst compositions containing catalyst component I,
10  catalyst component II, and at least one activator. For example, in one aspect, a suitable
catalyst composition can comprise catalyst component I, catalyst component II, and an
activator-support (e.g., a chemically-treated solid oxide), while in another aspect, a suitable
catalyst composition can comprise catalyst component I, catalyst component II, and an
aluminoxane (e.g., methylaluminoxane). Optionally, these catalyst compositions can further
15  comprise one or more organoaluminum compounds. These catalyst compositions can be
utilized to produce polyolefins — homopolymers, copolymers, and the like — for a variety of
end-use applications. The catalyst components I and II were discussed above.

In accordance with aspects of the present invention, it is contemplated that catalyst
component I can contain more than one metallocene compound and/or catalyst component II

20 can contain more than one hydrogen scavenging catalyst. Further, additional catalytic
compounds — other than those specified in catalyst component I or catalyst component II —
can be employed in the catalyst composition and/or the polymerization process, provided that
the additional catalytic compound(s) does not detract from the advantages disclosed herein.
Additionally, more than one activator (e.g., more than one activator-support, a combination

25  of an activator-support and an aluminoxane, etc.) and/or more than one organoaluminum
compound also may be utilized.

Catalyst compositions of the present invention can comprise catalyst component I,
catalyst component II, and at least one activator. For instance, the activator can comprise an
activator-support, an aluminoxane compound, an organoboron or organoborate compound, an

30  ionizing ionic compound, and the like, or combinations thereof. Accordingly, the catalyst
composition can comprise catalyst component I, catalyst component II, and an activator-
support; alternatively, the catalyst composition can comprise catalyst component I, catalyst

component II, and an aluminoxane compound; alternatively, the catalyst composition can
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comprise catalyst component I, catalyst component II, and an organoboron or organoborate
compound; or alternatively, the catalyst composition can comprise catalyst component I,
catalyst component II, and an ionizing ionic compound. Optionally, the catalyst composition
can further comprise an organoaluminum compound.

5 In some aspects, catalyst compositions of the present invention comprise catalyst
component I, catalyst component II, at least one activator-support, and at least one
organoaluminum compound. For instance, the activator-support can comprise fluorided
alumina, chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-alumina,
chlorided silica-alumina, bromided silica-alumina, sulfated silica-alumina, fluorided silica-

10  zirconia, chlorided silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, fluorided
silica-titania, fluorided silica-coated alumina, sulfated silica-coated alumina, phosphated
silica-coated alumina, and the like, or combinations thereof. Additionally, the
organoaluminum compound can comprise trimethylaluminum, triethylaluminum, tri-n-
propylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-

15  octylaluminum, diisobutylaluminum hydride, diethylaluminum ethoxide, diethylaluminum
chloride, and the like, or combinations thereof.

In another aspect of the present invention, a catalyst composition is provided which
comprises catalyst component I, catalyst component II, an activator-support, and an
organoaluminum compound, wherein this catalyst composition is substantially free of

20  aluminoxanes, organoboron or organoborate compounds, ionizing ionic compounds, and/or
other similar materials; alternatively, substantially free of aluminoxanes; alternatively,
substantially free of organoboron or organoborate compounds; or alternatively, substantially
free of ionizing ionic compounds. In these aspects, the catalyst composition has catalyst
activity, to be discussed below, in the absence of these additional materials. For example, a

25  catalyst composition of the present invention can consist essentially of catalyst component I,
catalyst component II, an activator-support, and an organoaluminum compound, wherein no
other materials are present in the catalyst composition which would increase/decrease the
activity of the catalyst composition by more than about 10% from the catalyst activity of the
catalyst composition in the absence of said materials.

30 However, in other aspects of this invention, these materials can be employed. For
example, a catalyst composition comprising catalyst component I, catalyst component II, an
activator-support, and an organoaluminum compound, can further comprise an optional co-

catalyst. Suitable co-catalysts in this aspect include, but are not limited to, aluminoxane
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compounds, organoboron or organoborate compounds, ionizing ionic compounds, and the
like, or any combination thereof. More than one co-catalyst can be present in the catalyst

composition.
In a particular aspect contemplated herein, the catalyst composition is a dual catalyst
5 composition comprising an activator (one or more than one activator-support, aluminoxane,
etc.), optionally an organoaluminum compound (one or more than one), only one catalyst
component I metallocene compound, and only one catalyst component II hydrogen
scavenging catalyst. For example, the catalyst composition can comprise an activator-
support; an organoaluminum compound; only one bridged metallocene compound having an
10  alkenyl moiety; and only one hydrogen scavenging catalyst selected from a hydrogenation
catalyst comprising Ru, Rh, Pt, Pd, Fe, Ni, Nb, or Ti, MET-II-A, MET-II-B, MET-II-C,
MET-II-D, MET-II-E, MET-II-F, MET-II-G, MET-II-H, or a compound having formula (E);
alternatively, the catalyst composition can comprise an activator-support; an
organoaluminum compound; only one unbridged metallocene compound having an alkenyl
15 moiety; and only one hydrogen scavenging catalyst selected from a hydrogenation catalyst
comprising Ru, Rh, Pt, Pd, Fe, Ni, Nb, or Ti, MET-II-A, MET-II-B, MET-II-C, MET-II-D,
MET-II-E, MET-II-F, MET-II-G, MET-II-H, or a compound having formula (E);
alternatively, the catalyst composition can comprise an activator-support; an
organoaluminum compound; only one dinuclear metallocene compound having an alkenyl
20 linking group; and only one hydrogen scavenging catalyst selected from a hydrogenation
catalyst comprising Ru, Rh, Pt, Pd, Fe, Ni, Nb, or Ti, MET-II-A, MET-II-B, MET-II-C,
MET-II-D, MET-II-E, MET-II-F, MET-II-G, MET-II-H, or a compound having formula (E);
alternatively, the catalyst composition can comprise an activator-support; an
organoaluminum compound; only one compound having formula (C); and only one hydrogen
25  scavenging catalyst selected from a hydrogenation catalyst comprising Ru, Rh, Pt, Pd, Fe, Ni,
Nb, or Ti, MET-II-A, MET-II-B, MET-II-C, MET-II-D, MET-II-E, MET-II-F, MET-II-G,
MET-II-H, or a compound having formula (E); alternatively, the catalyst composition can
comprise an activator-support; an organoaluminum compound; only one compound having
formula (D); and only one hydrogen scavenging catalyst selected from a hydrogenation
30 catalyst comprising Ru, Rh, Pt, Pd, Fe, Ni, Nb, or Ti, MET-II-A, MET-II-B, MET-II-C,
MET-II-D, MET-II-E, MET-II-F, MET-II-G, MET-II-H, or a compound having formula (E);
or alternatively, the catalyst composition can comprise an activator-support; an

organoaluminum compound; only one compound having formula (A); and only one hydrogen
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scavenging catalyst selected from a hydrogenation catalyst comprising Ru, Rh, Pt, Pd, Fe, Ni,
Nb, or Ti, MET-II-A, MET-II-B, MET-II-C, MET-II-D, MET-II-E, MET-II-F, MET-II-G,
MET-II-H, or a compound having formula (E). In these aspects, only two catalytic
components are present in the catalyst composition, i.e., one catalyst component I
5  metallocene compound and one catalyst component II hydrogen scavenging catalyst. It is
also contemplated that a dual metallocene catalyst composition can contain minor amounts of
an additional metallocene compound(s) and/or hydrogen scavenging catalyst(s), but this is
not a requirement, and generally the dual catalyst composition can consist essentially of the
aforementioned two components, and in the substantial absence of any additional catalytic
10 materials, wherein any additional catalyst materials would not increase/decrease the activity
of the catalyst composition by more than about 10% from the catalyst activity of the catalyst
composition in the absence of the additional materials.
This invention further encompasses methods of making these catalyst compositions,
such as, for example, contacting the respective catalyst components in any order or sequence.
15 The metallocene compound from catalyst component I, the hydrogen scavenging
catalyst from catalyst component II, or both, can be precontacted with an olefinic monomer if
desired, not necessarily the olefin monomer to be polymerized, and an organoaluminum
compound for a first period of time prior to contacting this precontacted mixture with an
activator-support. The first period of time for contact, the precontact time, between the
20  metallocene compound and/or hydrogen scavenging catalyst, the olefinic monomer, and the
organoaluminum compound typically ranges from a time period of about 1 minute to about
24 hours, for example, from about 0.05 hours to about 1 hour. Precontact times from about
10 minutes to about 30 minutes are also employed. Alternatively, the precontacting process
is carried out in multiple steps, rather than a single step, in which multiple mixtures are
25  prepared, each comprising a different set of catalyst components. For example, at least two
catalyst components are contacted forming a first mixture, followed by contacting the first
mixture with at least one other catalyst component forming a second mixture, and so forth.
Multiple precontacting steps can be carried out in a single vessel or in multiple
vessels. Further, multiple precontacting steps can be carried out in series (sequentially), in
30  parallel, or a combination thereof. For example, a first mixture of two catalyst components
can be formed in a first vessel, a second mixture comprising the first mixture plus one
additional catalyst component can be formed in the first vessel or in a second vessel, which is

typically placed downstream of the first vessel.
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In another aspect, one or more of the catalyst components can be split and used in
different precontacting treatments. For example, part of a catalyst component is fed into a
first precontacting vessel for precontacting with at least one other catalyst component, while
the remainder of that same catalyst component is fed into a second precontacting vessel for
precontacting with at least one other catalyst component, or is fed directly into the reactor, or
a combination thereof. The precontacting can be carried out in any suitable equipment, such
as tanks, stirred mix tanks, various static mixing devices, a flask, a vessel of any type, or
combinations of these apparatus.

In another aspect of this invention, the various catalyst components (for example,
metallocene and/or hydrogen scavenging catalyst, activator-support, organoaluminum co-
catalyst, and optionally an unsaturated hydrocarbon) are contacted in the polymerization
reactor simultaneously while the polymerization reaction is proceeding. Alternatively, any
two or more of these catalyst components can be precontacted in a vessel prior to entering the
reaction zone. This precontacting step can be continuous, in which the precontacted product
is fed continuously to the reactor, or it can be a stepwise or batchwise process in which a
batch of precontacted product is added to make a catalyst composition. This precontacting
step can be carried out over a time period that can range from a few seconds to as much as
several days, or longer. In this aspect, the continuous precontacting step generally lasts from
about 1 second to about 1 hour. In another aspect, the continuous precontacting step lasts
from about 10 seconds to about 45 minutes, or from about 1 minute to about 30 minutes.

Once the precontacted mixture of the metallocene compound and/or hydrogen
scavenging catalyst, olefin monomer, and organoaluminum co-catalyst is contacted with the
activator-support, this composition (with the addition of the activator-support) is termed the
“postcontacted mixture.” The postcontacted mixture optionally remains in contact for a
second period of time, the postcontact time, prior to initiating the polymerization process.
Postcontact times between the precontacted mixture and the activator-support generally range
from about 1 minute to about 24 hours. In a further aspect, the postcontact time is in a range
from about 0.05 hours to about 1 hour. The precontacting step, the postcontacting step, or
both, can increase the productivity of the polymer as compared to the same catalyst
composition that is prepared without precontacting or postcontacting. However, neither a
precontacting step nor a postcontacting step is required.

The postcontacted mixture can be heated at a temperature and for a time period

sufficient to allow adsorption, impregnation, or interaction of precontacted mixture and the
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activator-support, such that a portion of the components of the precontacted mixture is
immobilized, adsorbed, or deposited thereon. Where heating is employed, the postcontacted
mixture generally is heated to a temperature of from between about 0 °F to about 150 °F, or
from about 40 °F to about 95 °F.

5 According to one aspect of this invention, the molar ratio of the moles of metallocene
compound (or compounds) in catalyst component I to the moles of organoaluminum
compound in a catalyst composition generally is in a range from about 1:1 to about 1:10,000.
In another aspect, the molar ratio is in a range from about 1:1 to about 1:1,000. Yet, in
another aspect, the molar ratio of the moles of metallocene compound to the moles of

10  organoaluminum compound is in a range from about 1:1 to about 1:100. These molar ratios
reflect the ratio of total moles of metallocene compound (or compounds) to the total amount
of organoaluminum compound (or compounds) in both the precontacted mixture and the
postcontacted mixture combined, if precontacting and/or postcontacting steps are employed.

When a precontacting step is used, the molar ratio of the total moles of olefin

15 monomer to total moles of component I metallocene(s) in the precontacted mixture is
typically in a range from about 1:10 to about 100,000:1. Total moles of each component are
used in this ratio to account for aspects of this invention where more than one olefin
monomer and/or more than one metallocene is employed. Further, this molar ratio can be in
a range from about 10:1 to about 1,000:1 in another aspect of the invention.

20 Generally, the weight ratio of organoaluminum compound to activator-support is in a
range from about 10:1 to about 1:1000. If more than one organoaluminum compound and/or
more than one activator-support is employed, this ratio is based on the total weight of each
respective component. In another aspect, the weight ratio of the organoaluminum compound
to the activator-support is in a range from about 3:1 to about 1:100, or from about 1:1 to

25  about 1:50.

In some aspects of this invention, the weight ratio of catalyst component I
metallocene(s) to activator-support is in a range from about 1:1 to about 1:1,000,000. If more
than one metallocene or activator-support is employed, this ratio is based on the total weight
of each respective component. In another aspect, this weight ratio is in a range from about

30 1:5 to about 1:100,000, or from about 1:10 to about 1:10,000. Yet, in another aspect, the
weight ratio of the metallocene compound(s) to the activator-support is in a range from about
1:20 to about 1:1000.
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component I to catalyst component II in the catalyst composition ranges from about 50:1 to
about 10,000:1, or from about 50:1 to about 1000:1. For instance, the molar ratio of catalyst
component I to catalyst component II in the catalyst composition can be in a range from
about 50:1 to about 500:1, from about 100:1 to about 500:1, or from about 100:1 to about
10  250:1. According to still another aspect of the invention, molar ratios of catalyst component I
to catalyst component II in the catalyst composition of about 25:1, about 50:1, about 75:1,
about 100:1, about 150:1, about 200:1, about 300:1, about 400:1, about 500:1, and about
1000:1, are contemplated herein.
Catalyst compositions of the present invention generally have a catalyst activity
15  greater than about 100 grams of polyethylene (homopolymer, copolymer, etc., as the context
requires) per gram of activator-support per hour (abbreviated gP/(gAS-hr)). In another
aspect, the catalyst activity is greater than about 150, greater than about 200, or greater than
about 250 gP/(gAS-hr). In still another aspect, catalyst compositions of this invention are
characterized by having a catalyst activity greater than about 500, greater than about 1000, or
20 greater than about 1500 gP/(gAS-hr). Yet, in another aspect, the catalyst activity is greater
than about 2000 gP/(gAS-hr). This activity is measured under slurry polymerization
conditions using isobutane as the diluent, at a polymerization temperature of about 90°C and
an ethylene pressure of about 550 psig.
As discussed above, any combination of the metallocene compound and/or hydrogen
25  scavenging catalyst, the activator-support, the organoaluminum compound, and the olefin
monomer, can be precontacted in some aspects of this invention. When any precontacting
occurs with an olefinic monomer, it is not necessary that the olefin monomer used in the
precontacting step be the same as the olefin to be polymerized. Further, when a
precontacting step among any combination of the catalyst components is employed for a first
30 period of time, this precontacted mixture can be used in a subsequent postcontacting step
between any other combination of catalyst components for a second period of time. For

example, the metallocene compound and/or the hydrogen scavenging catalyst, the
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organoaluminum compound, and 1-hexene can be used in a precontacting step for a first
period of time, and this precontacted mixture then can be contacted with the activator-support

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

5  precontact time, between any combination of the metallocene compound and/or the hydrogen
scavenging catalyst, the olefinic monomer, the activator-support, and the organoaluminum
compound can be from about 1 minute to about 24 hours, from about 0.05 hours to about 1
hour, or from about 10 minutes to about 30 minutes. The postcontacted mixture optionally is
allowed to remain in contact for a second period of time, the postcontact time, prior to

10 initiating the polymerization process. According to one aspect of this invention, postcontact
times between the precontacted mixture and any remaining catalyst components is from about

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

POLYMERIZATION PROCESS
15 Catalyst compositions of the present invention can be used to polymerize olefins to
form homopolymers, copolymers, terpolymers, and the like. One such process for
polymerizing olefins in the presence of a catalyst composition of the present invention
comprises contacting the catalyst composition with an olefin monomer and optionally an
olefin comonomer under polymerization conditions to produce an olefin polymer, wherein
20  the catalyst composition comprises catalyst component I, catalyst component II, an activator
(e.g., an activator-support, an aluminoxane, etc.), and optionally an organoaluminum
compound. For instance, catalyst component I can comprise a compound having formula
(C), a compound having formula (D), or a combination thereof. Catalyst component II can
comprise a hydrogen scavenging catalyst, such as MET-II-A, MET-II-B, MET-II-C, MET-II-
25 D, MET-II-E, MET-II-F, MET-II-G, MET-II-H, or a compound having formula (E), or a
combination thereof. The activator can comprise an activator-support, an aluminoxane
compound, an organoboron or organoborate compound, an ionizing ionic compound, and the
like, or combinations thereof. The activator-support can comprise fluorided alumina,
chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided
30 silica-alumina, bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia,
chlorided silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, fluorided silica-
titania, fluorided silica-coated alumina, sulfated silica-coated alumina, phosphated silica-

coated alumina, and the like, or combinations thereof. The organoaluminum compound can
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comprise trimethylaluminum, triethylaluminum, tri-n-propylaluminum, tri-n-butylaluminum,
triisobutylaluminum,  tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum
hydride, diethylaluminum ethoxide, diethylaluminum chloride, and the like, or combinations
thereof.

5 In accordance with another aspect of the invention, the polymerization process can
employ a catalyst composition comprising only one catalyst component I metallocene
compound (e.g., a metallocene compound having formula (C)); only one catalyst component
II hydrogen scavenging compound (e.g., MET-II-E or MET-II-F or MET-II-G); at least one
activator (e.g., at least one activator-support, at least one aluminoxane, etc.); and optionally,

10  atleast one organoaluminum compound.

The catalyst compositions of the present invention are intended for any olefin
polymerization method using various types of polymerization reactors. As used herein,
“polymerization reactor” includes any polymerization reactor capable of polymerizing olefin
monomers and comonomers (one or more than one comonomer) to produce homopolymers,

15 copolymers, terpolymers, and the like. The various types of reactors include those that may
be referred to as a batch reactor, slurry reactor, gas-phase reactor, solution reactor, high
pressure reactor, tubular reactor, autoclave reactor, and the like, or combinations thereof. The
polymerization conditions for the various reactor types are well known to those of skill in the
art. Gas phase reactors may comprise fluidized bed reactors or staged horizontal reactors.

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

25 Polymerization reactor systems of the present invention may comprise one type of
reactor in a system or multiple reactors of the same or different type. Production of polymers
in multiple reactors may include several stages in at least two separate polymerization
reactors interconnected by a transfer device making it possible to transfer the polymers
resulting from the first polymerization reactor into the second reactor. The desired

30 polymerization conditions in one of the reactors may be different from the operating
conditions of the other reactors. Alternatively, polymerization in multiple reactors may
include the manual transfer of polymer from one reactor to subsequent reactors for continued

polymerization. Multiple reactor systems may include any combination including, but not
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limited to, multiple loop reactors, multiple gas phase reactors, a combination of loop and gas
phase reactors, multiple high pressure reactors, or a combination of high pressure with loop
and/or gas phase reactors. The multiple reactors may be operated in series, in parallel, or
both. |

According to one aspect of the invention, the polymerization reactor system may
comprise at least one loop slurry reactor comprising vertical or horizontal loops. Monomer,
diluent, catalyst, and comonomer may be continuously fed to a loop reactor where
polymerization occurs. Generally, continuous processes may comprise the continuous
introduction of monomer/comonomer, a catalyst, and a diluent into a polymerization reactor
and the continuous removal from this reactor of a suspension comprising polymer particles
and the diluent. Reactor effluent may be flashed to remove the solid polymer from the
liquids that comprise the diluent, monomer and/or comonomer. Various technologies may be
used for this separation step including but not limited to, flashing that may include any
combination of heat addition and pressure reduction; separation by cyclonic action in either a
cyclone or hydrocyclone; or separation by centrifugation.

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

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

According to yet another aspect of this invention, the polymerization reactor may
comprise at least one gas phase reactor. Such systems may employ a continuous recycle
stream containing one or more monomers continuously cycled through a fluidized bed in the
presence of the catalyst under polymerization conditions. A recycle stream may be
withdrawn from the fluidized bed and recycled back into the reactor. Simultaneously,
polymer product may be withdrawn from the reactor and new or fresh monomer may be

added to replace the polymerized monomer. Such gas phase reactors may comprise a process
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reactor may comprise a tubular reactor or an autoclave reactor. Tubular reactors may have
several zones where fresh monomer, initiators, or catalysts are added. Monomer may be
entrained in an inert gaseous stream and introduced at one zone of the reactor. Initiators,
catalysts, and/or catalyst components may be entrained in a gaseous stream and introduced at
another zone of the reactor. The gas streams may be intermixed for polymerization. Heat
and pressure may be employed appropriately to obtain optimal polymerization reaction
conditions.

According to yet another aspect of the invention, the polymerization reactor may
comprise a solution polymerization reactor wherein the monomer/comonomer are contacted
with the catalyst composition by suitable stirring or other means. A carrier comprising an
inert organic diluent or excess monomer may be employed. If desired, the
monomer/comonomer may be brought in the vapor phase into contact with the catalytic
reaction product, in the presence or absence of liquid material. The polymerization zone is
maintained at temperatures and pressures that will result in the formation of a solution of the
polymer in a reaction medium. Agitation may be employed to obtain better temperature
control and to maintain uniform polymerization mixtures throughout the polymerization
zone. Adequate means are utilized for dissipating the exothermic heat of polymerization.

Polymerization reactors suitable for the present invention may further comprise any
combination of at least one raw material feed system, at least one feed system for catalyst or
catalyst components, and/or at least one polymer recovery system. Suitable reactor systems
for the present invention may further comprise systems for feedstock purification, catalyst
storage and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle,
storage, loadout, laboratory analysis, and process control.

Polymerization conditions that are controlled for efficiency and to provide desired
polymer properties can include temperature, pressure, and the concentrations of various
reactants. Polymerization temperature can affect catalyst productivity, polymer molecular

weight, and molecular weight distribution. A suitable polymerization temperature may be

reactor while feeding
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catalyst component II — i.e., comprising a hydrogen scavenging catalyst — has a hydrogen
removal activity that is greater than about 5,000 moles of hydrogen (H;) per mole of
hydrogen scavenging catalyst per hour (abbreviated gH,/(gCat-hr)). Thus, the hydrogen
scavenging catalyst can remove greater than about 5,000 moles of hydrogen from the
5  polymerization process per hour, for each mole of the hydrogen scavenging catalyst present.
In another aspect, the hydrogen removal activity is greater than about 10,000, greater than
about 15,000, greater than about 20,000, or greater than about 25,000 gH,/(gCat-hr). In still
another aspect, the hydrogen scavenging catalyst (one or more than one, if desired) is
characterized by having a hydrogen removal activity greater than about 30,000, greater than
10  about 35,000, or greater than about 40,000 gH,/(gCat-hr). Yet, in another aspect, the
hydrogen removal activity is greater than about 50,000, greater than about 75,000, or greater
than about 100,000 gH,/(gCat-hr). In certain aspects, these hydrogen removal activities of
the hydrogen scavenging catalyst of catalyst component II can be attained when the catalyst
component I metallocene contains an alkenyl moiety, and/or when the olefin polymer
15 produced by the process is an ethylene copolymer having a density in a range from about
0.89 to about 0.93 g/cm’, and/or when the olefin polymer produced by the process is an
ethylene copolymer having a melt index in a range from about 0.1 to about 5 g/10 min, or
from about 0.5 to about 1.5 g/10 min. As would be recognized by a skilled artisan, the
hydrogen removal activity can depend on many polymerization reactor conditions including,
20  but not limited to, the reactor concentration of catalyst component II, the reactor hydrogen
concentration, and so forth. This hydrogen removal activity can be measured or determined
under continuous slurry polymerization conditions, as illustrated in Examples 75-79 that
follow. Alternatively, the hydrogen removal activity of a hydrogen scavenging catalyst can
be determined using a batch technique illustrated in Examples 55-74 that follow; specifically,
25  a l-gallon slurry reactor, 2 L of isobutane, 80 °C, 450 psig total reactor pressure, 45 g 1-
hexene, 17 mg of hydrogen, 100 mg sulfated alumina, 0.5 mL of 1 M TIBA, 30 min reaction
time, and no catalyst component 1. For this batch determination of the hydrogen removal
activity of a hydrogen scavenging catalyst, 0.5 micromoles of the hydrogen scavenging
should be utilized.
30 In another aspect, the disclosed processes can be methods of removing hydrogen
from, or reducing the amount of hydrogen present during, a polymerization process (e.g., a

continuous polymerization process). One such method for removing hydrogen from an olefin
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polymerization process — or, alternatively, for reducing the amount of hydrogen present in an
olefin polymerization process — operating in the presence of a catalyst composition, wherein
the catalyst composition comprises catalyst component I, an activator (e.g., an aluminoxane,
an activator-support, an organoboron compound, etc.), and an optional organoaluminum
5  compound, can comprise the step of introducing catalyst component II, at a molar ratio of
catalyst component I to catalyst component II in a range of from about 40:1 to about 1000:1,
to the catalyst composition. Alternatively, catalyst component II can be added to the catalyst
composition to achieve a molar ratio of catalyst component I to catalyst component II which
falls within a range from about 50:1 to about 500:1, or from about 100:1 to about 250:1, for
10  example. These methods of removing hydrogen and/or reducing the amount of hydrogen in a
continuous polymerization reactor, in certain aspects, can be employed when the catalyst
component I metallocene contains an alkenyl moiety, and/or when the olefin polymer
produced by the process is an ethylene copolymer having a density in a range from about
0.89 to about 0.93 g/cm’, and/or when the olefin polymer produced by the process is an
15  ethylene copolymer having a melt index in a range from about 0.1 to about 5 g/10 min, or
from about 0.5 to about 1.5 g/10 min.

In another aspect, catalyst component II — i.e., comprising a hydrogen scavenging
catalyst — can be employed in a method of transitioning between catalyst systems. For
instance, the hydrogen scavening catalyst can be introduced into a polymerization reactor

20  system that is transitioning from a Ziegler-Natta catalyst system, or from a chromium catalyst
system, to a metallocene catalyst system. In such circumstances, the reactor hydrogen (Hy)
concentration may be reduced from about 0.5-4.0 mole percent to about 100-500 ppm, for
example.

The concentration of the reactants entering the polymerization reactor can be

25  controlled to produce resins with certain physical and mechanical properties. The proposed
end-use product that will be formed by the polymer resin and the method of forming that
product ultimately can determine the desired polymer properties and attributes. Mechanical
properties include tensile, flexural, impact, creep, stress relaxation, and hardness tests.
Physical properties include density, molecular weight, molecular weight distribution, melting

30 temperature, glass transition temperature, temperature melt of crystallization, density,

stereoregularity, crack growth, long chain branching, and rheological measurements.
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This invention is also directed to, and encompasses, the polymers produced by any of
the polymerization processes disclosed herein. Articles of manufacture can be formed from,

and/or can comprise, the polymers produced in accordance with this invention.

5 POLYMERS AND ARTICLES

If the resultant polymer produced in accordance with the present invention is, for
example, a polymer or copolymer of ethylene, its properties can be characterized by various
analytical techniques known and used in the polyolefin industry. Articles of manufacture can
be formed from, and/or can comprise, the ethylene polymers of this invention, whose typical

10  properties are provided below.

The processes disclosed herein, utilizing the above-described dual catalyst systems,
can reduce and/or control the level or amount or concentration of hydrogen present during the
polymerization process, resulting in a polymer having an increased molecular weight, for
instance, an increased weight-average molecular weight (Mw) and/or an increased number-

15  average molecular weight (Mn). In some aspects of this invention, the Mw (and/or Mn) of an
olefin polymer produced by the process (comprising catalyst component I, catalyst
component II, etc.) is at least 10% greater than a Mw (and/or Mn) of an olefin polymer
obtained under the same polymerization conditions without catalyst component II. For
instance, the Mw (and/or Mn) of the olefin polymer produced by the process can be from

20  about 10% to about 500% greater, from about 15% to about 300% greater, from about 15% to
about 200% greater, from about 15% to about 100% greater, from about 15% to about 75%
greater, or from about 15% to about 50% greater, than the Mw (and/or Mn) of the olefin
polymer obtained under the same polymerization conditions without catalyst component II.
In another aspect, the Mw (and/or Mn) of the olefin polymer produced by the process is from

25 about 10% to about 40% greater than the Mw (and/or Mn) of the olefin polymer obtained
under the same polymerization conditions without catalyst component II. In accordance with
yet another aspect of this invention, these increases in Mw and/or in Mn (e.g., about 10% to
about 300%) can be achieved with a molar ratio of catalyst component I to catalyst
component II in a range from about 40:1 to about 1000:1, from about 50:1 to about 500:1, or

30 from about 100:1 to about 250:1, for example.

Likewise, lower levels of hydrogen present during the polymerization process can
result in a polymer having a lower melt index (MI) and/or a lower high load melt index

(HLMI). In one aspect of this invention, the MI and/or HLMI of an olefin polymer produced
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by the process (comprising catalyst component I, catalyst component II, etc.) is at least 10%
less than a MI and/or HLMI of an olefin polymer obtained under the same polymerization
conditions without catalyst component II. For instance, the MI and/or HLMI of the olefin
polymer produced by the process can be from about 15% to about 95% less, from about 15%
5  to about 90% less, from about 15% to about 80% less, from about 15% to about 70% less,
from about 15% to about 60% less, or from about 15% to about 50% less, than the MI and/or
HLMI of the olefin polymer obtained under the same polymerization conditions without
catalyst component II. In another aspect, the MI and/or HLMI of the olefin polymer
produced by the process is from about 20% to about 60% less than the MI and/or HLMI of
10  the olefin polymer obtained under the same polymerization conditions without catalyst
component II. In accordance with yet another aspect of this invention, these decreases in MI
and/or HLMI (e.g., about 15% to about 95%) can be achieved with a molar ratio of catalyst
component I to catalyst component II in a range from about 40:1 to about 1000:1, from about
50:1 to about 1000:1, from about 50:1 to about 500:1, or from about 100:1 to about 250:1, for

15 example.

In certain aspects, these increases in Mw and/or Mn, and/or these decreases in MI
and/or HLMI, due to the incorporation of the hydrogen scavenging catalyst of catalyst
component II can be attained when the catalyst component I metallocene contains an alkenyl
moiety and/or when the olefin polymer produced by the process is an ethylene copolymer

20  having a density in a range from about 0.89 to about 0.93 g/cm’.

In other aspects, the present invention encompasses methods of increasing the Mw
and/or Mn, or decreasing the MI and/or HLMI, of an olefin polymer produced by an olefin
polymerization process. One such method for increasing the Mw and/or Mn — and/or
decreasing the MI and/or HLMI — of an olefin polymer produced by an olefin polymerization

25  process operating in the presence of a catalyst composition, wherein the catalyst composition
comprises catalyst component I, an activator (e.g., an activator-support, an aluminoxane,
etc.), and an optional organoaluminum compound, can comprise the step of introducing
catalyst component II, at a molar ratio of catalyst component I to catalyst component II in a
range of from about 40:1 to about 1000:1, to the catalyst composition. Alternatively, catalyst

30 component II can be added to the catalyst composition to achieve a molar ratio of catalyst
component I to catalyst component II which falls within a range from about 50:1 to about
500:1, or from about 100:1 to about 250:1, for example. This method for increasing the Mw
and/or Mn (and/or decreasing the MI and/or HLMI) of the olefin polymer can increase the
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Mw and/or Mn of the olefin polymer by about 10% to about 300% (and/or decrease the MI
and/or HLMI by about 15% to about 95%), as compared to the Mw and/or Mn (and/or MI
and/or HLMI) of the olefin polymer obtained under the same polymerization conditions
without catalyst component II.

Generally, the polymers of ethylene (homopolymers, copolymers, terpolymers, etc.)
produced in accordance with the processes of this invention have a melt index less than about
20 g/10 min. Melt indices in the range from about 0.01 to about 15 g/10 min, or from about
0.1 to about 10 g/10 min, are contemplated in some aspects of this invention. For example, a
polymer of the present invention can have a melt index in a range from about 0.1 to about 5,
from about 0.25 to about 2, or from about 0.5 to about 1.5 g/10 min.

The density of ethylene-based polymers produced using the catalyst compositions
disclosed herein typically falls within the range from about 0.89 to about 0.96 g/cm®, such as,
for example, from about 0.89 to about 0.94, or from about 0.89 to about 0.92 g/cm®. In one
aspect of this invention, the density of the ethylene polymer is in a range from about 0.90 to
about 0.94 g/cm’. Yet, in another aspect, the density is in a range from about 0.91 to about
0.94 g/cm’ or, alternatively, from about 0.91 to about 0.93 g/cm”>.

Olefin polymers of this invention may have increased levels of unsaturation. For
instance, a polymer produced by a process and catalyst composition of this invention can
have an average total polymer unsaturation per chain that falls within a range from about 1.01
to about 100, from about 1.01 to about 75, or from about 1.01 to about 50. The average total
polymer unsaturation per chain is the total unsaturation per chain averaged across all polymer
chains in the polymer. In some aspects, the average total polymer unsaturation per chain can
be in a range from about 1.5 to about 40, from about 1.5 to about 38, from about 1.5 to about
35, from about 1.5 to about 30, from about 2 to about 30, from about 2.25 to about 25, or
from about 2.5 to about 20. In other aspects, a polymer of this invention can have an average
total unsaturation per chain in a range from about 3 to about 10, such as, for example, from
about 3 to about 8, or from about 3 to about 6. Increasing the concentration of component II
in the catalyst composition typically can increase the average total unsaturations per chain
and the polymer molecular weight.

According to an aspect of this invention, the average total polymer unsaturation per
chain of the polymer produced by polymerization processes disclosed herein can be
controlled in a range from about from about 1.01 to about 50. For example, in ethylene

polymerizations in a continuous loop slurry reactor, the average total polymer unsaturation
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per chain can be controlled in a range from about 1.5 to about 40; alternatively, from about 2

to about 20; or alternatively, from about 2.5 to about 10. In accordance with some aspects of

this invention, these unsaturation levels can be achieved and controlled with a molar ratio of

catalyst component I to catalyst component II in a range from about 40:1 to about 1000:1,
from about 50:1 to about 1000:1, from about 50:1 to about 500:1, or from about 100:1 to
about 250:1, for example.

An illustrative ethylene polymer of this invention can have a melt index less than
about 15 g/10 min (e.g., in a range from about 0.01 to about 15 g/10 min), a density in a
range from about 0.89 to about 0.96 g/cm’®, and an average total polymer unsaturation per
chain in a range from about 1.01 to about 50, or from about 1.5 to about 30. Another
illustrative ethylene polymer of this invention can have a melt index in a range from about
0.1 to about 10 g/10 min, a density in a range from about 0.89 to about 0.94, and an average
total polymer unsaturation per chain in a range from about 2.5 to about 20.

Polymers of ethylene, whether homopolymers, copolymers, terpolymers, and so forth,

can be formed into various articles of manufacture. Articles which can comprise polymers of

this invention include, but are not limited to, an agricultural film, an automobile‘part, a bottle,
a drum, a fiber or fabric, a food packaging film or container, a food service article, a fuel
tank, a geomembrane, a household container, a liner, a molded product, a medical device or
material, a pipe, a sheet or tape, a toy, and the like. Various processes can be employed to
form these articles. Non-limiting examples of these processes include injection molding,
blow molding, rotational molding, film extrusion, sheet extrusion, profile extrusion,
thermoforming, and the like. Additionally, additives and modifiers are often added to these

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

EXAMPLES

The invention is further illustrated by the following examples, which are not to be
construed in any way as imposing limitations to the scope of this invention. Various other
aspects, embodiments, modifications, and equivalents thereof which, after reading the
description herein, may suggest themselves to one of ordinary skill in the art without
departing from the spirit of the present invention or the scope of the appended claims.

Melt index (MI, g/10 min) was determined in accordance with ASTM D1238 at 190
°C with a 2,160 gram weight.

0.9214
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High load melt index (HLMI, g/10 min) was determined in accordance with ASTM
D1238 at 190 °C with a 21,600 gram weight.

Polymer density was determined in grams per cubic centimeter (g/cc) on a
compression molded sample, cooled at about 15 °C per hour, and conditioned for about 40

5 hours at room temperature in accordance with ASTM D1505 and ASTM D1928, procedure
C.

Molecular weights and molecular weight distributions were obtained using a PL 220
SEC high temperature chromatography unit (Polymer Laboratories) with trichlorobenzene
(TCB) as the solvent, with a flow rate of 1 mL/minute at a temperature of 145 °C. BHT

10 (2,6-di-tert-butyl-4-methylphenol) at a concentration of 0.5 g/L was used as a stabilizer in the
TCB. An injection volume of 200 puL was used with a nominal polymer concentration of 1.5
mg/mL. Dissolution of the sample in stabilized TCB was carried out by heating at 150 °C for
5 hours with occasional, gentle agitation. The columns used were three PLgel Mixed A LS
columns (7.8x300mm) and were calibrated with a broad linear polyethylene standard

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

Sulfated alumina was formed by a process wherein alumina was chemically-treated
with a sulfate or bisulfate source. Such a sulfate or bisulfate source may include, for
example, sulfuric acid, ammonium sulfate, or ammonium bisulfate. In an exemplary
procedure, a commercial alumina sold as W.R. Grace Alumina A was sulfated by

20  impregnation with an aqueous solution containing about 15-20% (NH4);SO4 or H,SO4. This
sulfated alumina was calcined at 550 °C in air (240 °C/hr ramp rate), with a 3 hr hold period
at this temperature. Afterward, the sulfated alumina was collected and stored under dry
nitrogen, and was used without exposure to the atmosphere.

Examples 1-74 and 80-84 were conducted in a one-gallon stainless steel semi-batch

25 reactor. Isobutane and alkyl aluminum co-catalyst were used in all polymerization
experiments. The typical polymerization procedure was conducted as follows: alkyl
aluminum (TIBA, triisobutylaluminum), the activator-support (sulfated alumina) and the
metallocene were added in order through a charge port while venting isobutane vapor. The
charge port was closed and about 2 liters of isobutane were added. The contents of the

30 reactor were stirred and heated to the desired run temperature, and ethylene was then
introduced along with the desired amount of 1-hexene. Ethylene was fed on demand to
maintain the specified pressure for the specified length of the polymerization run. The

reactor was maintained and controlled at the desired run temperature throughout the
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EXAMPLES 1-2

Hydrogen generated by ethylene feedstock and sulfated alumina and TIBA
10

The conditions employed were a reaction temperature of 95 °C, 340 psig ethylene
feed, 2 L of isobutane, 100 mg sulfated alumina, 0.5-1.0 mg of the metallocene, and 0.5 mL
of 1 M TIBA. Calculations based on these conditions led to an estimated initial vapor
volume of 1.27 L and a liquid volume of 2.5 L (for the 1-gallon reaction vessel). Using this
15  information, the reactor vapor sample, and a calibrated micro-GC capable of detecting small
levels of hydrogen in the vapor space of the reactor, the mole ppm level of hydrogen in the
reactor can be determined.
In Example 1, no metallocene, sulfated alumina, or TIBA was charged to the reactor.
The amount of hydrogen observed in the vapor phase sample was analyzed to be about 6 ppm
20  at the 340 psig pressure.
In Example 2, no metallocene was charged to the reactor. The amount of hydrogen

due to sulfated alumina and TIBA was determined to be about 13 ppm.

EXAMPLES 3-9
25  Hydrogen generated by MET-I-A and dinuclear DMET-I-A in olefin polymerization

Under the conditions of Example 1, the polymerizations of Examples 3-9 utilized

either 0.5 mg of MET-I-A or 1 mg of DMET-I-A, and the reaction times and amount of 1-

hexene comonomer listed in Table I. Dinuclear DMET-I-A, a homodinuclear compound

30 derived from MET-I-A, can be prepared in accordance with the procedure described in U.S.

Patent Publication No. 2009-0170690, which is incorporated herein by reference in its
entirety.

In these Examples, hydrogen was generated even with no 1-hexene comonomer

present, but higher levels of hydrogen were generated when the comonomer was present, and
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when reaction time was increased. Under comparable conditions, there was less hydrogen
generation with DMET-I-A than with MET-I-A.

Table I. Hydrogen generation of Examples 3-9.

5
Reaction 1-hexene | Hydrogen
Example Catalyst Time (min) @ (ppm)
3 MET-I-A 60 0 213
4 MET-I-A 60 5 287
5 MET-I-A 120 0 297
6 MET-I-A 140 5 370
7 DMET-I-A 60 0 30
8 DMET-I-A 60 5 36
9 DMET-I-A 60 10 47
EXAMPLES 10-23
Hydrogen generated by MET-I-B, MET-1I-A, and dual catalyst using MET-I-B and MET-1I-A
in olefin polymerization
10

Under the conditions of Example 1, the polymerizations of Examples 10-23 utilized 1
mg of MET-I-B, 1 mg of MET-II-A, or 1 mg total of the dual catalyst (0.5 mg each of MET-
I-B and MET-II-A). Table II lists the ppm hydrogen generated for each catalyst system after

a 1-hour reaction time at specific 1-hexene comonomer loadings. Interestingly, the hydrogen

15  generated by the dual catalyst system seemed to track closely with that of the MET-II-A

catalyst, and not with the MET-I-B catalyst.

Table II. Hydrogen generation of Examples 10-23.

1-hexene | Hydrogen
Example Catalyst @ (ppm)
10 MET-I-B 0 197
11 MET-I-B 5 226
12 MET-I-B 10 254
13 MET-II-A 0 30
14 MET-II-A 5 38
15 MET-II-A 10 45
16 MET-lI-A 20 57
17 MET-II-A 40 75
18 MET-II-A 80 94
19 DUAL 0 61
20 DUAL 5 80
21 DUAL 10 80
22 DUAL 20 100
23 DUAL 40 143
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EXAMPLES 24-34
Hydrogen generated by MET-I-A and dual catalysts using MET-I-A and either MET-1I-A or
MET-II-D in olefin polymerization
5 Under the conditions of Examples 10-23, the polymerizations of Examples 24-34
utilized 0.5 mg of MET-I-A and either 0.5 mg of MET-II-A or 0.25 mg of MET-II-D. Table
III lists the ppm hydrogen generated for each catalyst system after a 1-hour reaction time at
Both MET-II-A and MET-II-D in dual catalyst

systems reduced the hydrogen generated, as compared to MET-I-A alone.

specific 1-hexene comonomer loadings.

10
Table III. Hydrogen generation of Examples 24-34.
1st 2nd 1-hexene | Hydrogen
Example Catalyst Catalyst (9) (ppm)
24 MET-I-A -- 0 213
25 MET-I-A - 5 287
26 MET-I-A - 10 207
27 MET-I-A MET-II-A 0 78
28 MET-I-A MET-II-A 5 76
29 MET-I-A MET-II-A 10 97
30 MET-I-A MET-II-A 20 108
31 MET-I-A MET-II-D 0 78
32 MET-I-A MET-it-D 5 83
33 MET-I-A MET-II-D 10 134
34 MET-I-A MET-II-D 20 159
15
EXAMPLES 35-54
Hydrogen consumed by MET-I-A and dual catalysts using MET-I-A and other 2nd catalysts
in olefin polymerization
20 Examples 35-54 utilized substantially the same conditions as that of Example 1,
except that 4.2 micromoles of MET-I-A and 45 g of 1-hexene were used at a polymerization
temperature of 80 °C, 450 psig ethylene, and a reaction time of 30 minutes. No effort was
made to increase or to maximize the production of polymer in Examples 35-54. For
Examples 38-54, approximately 17 mg of hydrogen were added to the reactor prior to
25  polymerization (the approximate 17 mg addition of hydrogen resulted in approximately 1800

ppm of hydrogen in the vapor phase). A different reactor was used for Examples 42-44, but
the same polymerization conditions used in Examples 38-41 and 45-54 were employed.

Table IV lists the final ppm hydrogen vapor concentration after 30 minutes at the specified
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conditions, amount of polymer produced, and/or the MI, HLMI, or Mw of the polymer
produced.

The 2nd catalyst can be used to control the level of hydrogen during the

polymerization and, accordingly, the polymer MI (or HLMI) and/or molecular weight.

5 Generally, the lower the hydrogen concentration, the lower the polymer MI (or HLMI),

assuming the same initial starting hydrogen concentration.

Table IV. Summary of Examples 35-54.

Catalyst2 | Hydrogen | MI | HLMI | Mw/ | Polymer
Example| 2nd Catalyst (micr o¥n ole) y(ppr?\) 1000 (é)
35 - 0 175 0.06 | 2.59 203 404
36 MET-II-F 0.4 53 - 0.26 316 323
37 MET-II-F 4 1 - 0.07 440 98
38 - 0 -- 1.10 | 19.7 123 237
39 MET-II-E 0.06 - 0.25 5.1 174 181
40 MET-I-E 04 -- - 0.20 437 104
41 MET-II-E 4 - - 0.13 484 64
42 - 0 483 1.23 | 20.6 - 468
43 MET-II-E 04 40 - 0.53 - 223
44 MET-I-F 04 78 - 0.46 - 93
45 Zr(NMe;)4 4 2321 0.57 | 15.6 - 49
46 Ti(NMe,), 4 1296 0.95 | 16.9 - 157
47 Ti(NMe;)4 4 712 092 | 17.7 - 150
48 | (nBuCp),TiCl, 4 3 - - - 38
49 (nBuCp),TiCl, 1 16 - 0.05 - 89
50 Pd/C 24 17 - - -- 408
51 Pd/C 22 45 - - - 262
52 Cp,(CO), 0.17 504 |017] 45 — 227
53 Cp2(CO), 0.43 178 0.03 2.2 - 330
54 Cp,(CO), 0.17 121 - 1.1 - 143
10

Notes on Table IV:

- Examples 48-49 and 51-52 utilized 1.7 micromoles of MET-I-A.

- The 2nd catalyst in Examples 50-51 was Pd, 10 wt % on activated carbon;

15 these polymerizations were conducted for 60 min.

EXAMPLES 55-74

20  Hydrogen consumption by various 2nd catalysts

Examples 55-74 utilized substantially the same conditions as that of Examples 38-41
and 45-54, except that no 1st catalyst was employed. The approximate 17 mg addition of

UPC 80
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hydrogen resulted in approximately 1800 ppm of hydrogen in the vapor phase. Table V lists
the ppm hydrogen remaining (hydrogen concentration) after 30 minutes at the specified
conditions. The results confirm that several catalysts are effective at reducing the hydrogen

concentration in the reactor, and are compatible with an alkyl aluminum (e.g., TIBA) and an

5  activator-support (e.g., sulfated alumina).

Table V. Hydrogen consumption of Examples 55-74.

Example 2nd Catalyst (r?\iactraol)r/ns(tyli) H)(/g;cr)g)en
55 MET-II-F 4 <1
56 MET-II-G 4 13
57 MET-II-H 4.4 78
58 Ti(nBuO), 4 1040
59 (PhsP);NiBr, 4 1394
60 C43H55C|2N2PRU 4 1525
61 Zr(NMe;)4 4 486
62 Zr(0-i-Pr)4.HO-i-Pr 4 2100
63 Fe(lll)(acetoacetonate); 4 1870
64 Ni(ll){(acetoacetonate), 4 1898
65 Troymax 6 (zirconylcarboxylate) 4 1690
66 Ti(NMe,), 4 1365
67 Cp*.TiCl, 4 344
68 (n-BuCp),TiCl, 4 5
69 CpNbCl, 4 1280
70 [Me,CpSiMe,N-t-BulTiCl, 4 1283
71 Cp.Cr 4 1769
72 Cp*,TiCl, 1 1283
73 (n-BuCp),TiCl, 1 73
74 Cp,Ti(CO), 4.3 <1

10 Note on Table V:
- The 2nd catalyst in Example 60 was the Grubbs 1st Generation
Metathesis Catalyst.

- The 2nd catalyst in Examples 67 and 72 was
bis-(pentamethylcyclopentadienyl) titanium dichloride.

15
EXAMPLES 75-79
Olefin polymerization runs with MET-1-A and MET-I-A + MET-II-F
20 The polymerization runs of Examples 75-79 were conducted in a loop reactor as

follows. A 31.2-gallon (118 L) slurry loop reactor was employed as the polymerization

reactor. Polymerization runs were carried out under continuous particle form process
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and the MET-I-A solution in 1-hexene were fed as separate streams into a manifold upstream
of the activator-support feeder outlet where they contacted each other and were combined
with isobutane flush. The activator-support was flushed with the combined solution into the
autoclave, briefly contacting the TIBA/metallocene just before entering the autoclave. The
10 combined solution flush used to transport the activator-support into the autoclave was set at a
rate that would result in a residence time of approximately 15-30 minutes in the autoclave,
controlled by adjusting the isobutane flow rate. The total flow from the autoclave then
entered the loop reactor. The second metallocene (MET-II-F) solution in isobutane, used for
hydrogen and melt index control, was treated with 10 equivalents of TIBA and fed directly to
15  the reactor.

Ethylene used was polymerization grade ethylene (obtained from AirGas Specialty
Gases) which was purified through a column of A201 alumina and activated at 343 °C in
nitrogen. 1-Hexene used was polymerization grade 1-hexene (obtained from Chevron Phillips
Chemical Company), which was further purified by distillation and subsequently passed

20  through a column of AZ300, an alumina molecular sieve hybrid, and activated at 343 °C in
nitrogen. The loop reactor was a liquid-full, 15.2-cm diameter, loop reactor, having a volume
of 31.2 gallons (118 L). Liquid isobutane was used as the diluent. Hydrogen was added at a
controlled rate based on the ethylene feed rate. The isobutane was polymerization grade
isobutane (obtained from Enterprise Products) that was further purified by distillation and

25  subsequently passed through a column of 13X molecular sieves and activated at 343 °C in
nitrogen.

Reactor pressure was approximately 590 psig. The reaction temperatures employed
are listed in Table VI. Additionally, the reactor was operated to have a residence time of
about 1.1 to 1.2 hours. The activator-support was added through a 0.35-mL circulating ball-

30 check feeder and fed to the 300, 500 or 1000-mL autoclave as described above. MET-I-A
concentrations in the reactor were within a range of about 2.7-3.4 parts per million (ppm) of
the diluent in the polymerization reactor. MET-II-F concentrations in the reactor were within

a range of about 0.01 to 0.03 ppm of the diluents in the polymerization reactor. Polymer was
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made to increase or to maximize the production of polymer in Examples 75-79.

10 The addition of MET-II-F — even at very low molar ratios — resulted in a substantial
decrease in polymer melt index (MI), in the 35-55% range. Additionally, the addition of
MET-II-F resulted in increases in the Mw (12-18%) and in the Mn of the polymer produced.
These polymers properties are summarized in Table VI; see Examples 77 and 79 versus
Examples 76 and 78.

15 The hydrogen removal activity of MET-II-F in a continuous polymerization process
also can be determined by comparing Examples 76 and 77, and by comparing Examples 78
and 79. The hydrogen removal activity of MET-II-F in Example 77 was approximately
64,000 moles of hydrogen per mole of MET-II-F per hour (i.e., 64,000 moles of hydrogen
were removed per mole of MET-II-F per hour). Similarly, the hydrogen removal activity of

20 MET-II-F in Example 79 was approximately 46,700 moles of hydrogen per mole of MET-II-
F per hour (i.e., 46,700 moles of hydrogen were removed per mole of MET-II-F per hour).
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i ndependeMEMyY-AMET-IBF hydr ocar byl| group havjing up t¢ 10 carbon atons{ and
olar Ratio -- -- 50:1 - 105:1
Autoclave Residence
Time(min) 17.2 15.6 15.9 15.5 15.1
Co-catalyst Type TIBA TIBA TIBA TIBA TIBA
Co-catalyst in reactor
(ppm) 45.4 48.9 43.8 414 47.7
Rx Temp (°F) 170.7 170.8 170.7 170.8 171.3
Ethylene (mol %) 10.2 9.8 10.1 10.0 9.7
1-hexene (mol%) 1.66 1.64 1.62 1.56 1.59
Hydrogen (mol%) 0.012 0.019 0.013 0.014 0.012
Hydrogen Feed Rate
(mlb/hr) 0.53 1.81 1.81 1.35 1.35
Ethylene Feed Rate
(1b/hr) 48.0 43.7 43.7 43.7 43.7
1-Hexene Feed Rate
(Ib/hr) 6.5 5.9 5.6 5.7 5.8
Total Isobutane Flow
Rate (Ib/hr) 68.9 68.1 68.1 68.2 68.1
Solids Concentration.
Wt. % 41.1 38.7 39.0 38.1 38.4
Polymer Production
(Ib/hr) 51.2 46.0 46.3 453 45.7
Density (pellets)
(g/cc) 0.9129 - 0.9214 - -
Density (fluff)
(g/cc) 0.9117 0.9145 0.9122 0.9148 0.9119
HLMI (pellets) 25.1 - 22.0 -- 20.7
MI (pellets) 1.0 -- 1.1 -- 1.1
HLMI (fluff) 15.6 344 19.1 284 17.7
MI (fluff) 1.0 2.5 1.1 1.7 1.1
Mn/1000 52.2 43.7 484 47.8 49.5
Mw/1000 127.7 101.8 120.7 107.9 121.5
Mw/Mn 2.44 2.34 2.50 2.26 2.45
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Examples 80-84 utilized substantially the same conditions as that of Examples 35-37.
5  About 2.5 micromoles of MET-I-A (1st catalyst) were used. The 2nd catalyst was MET-II-F.
Table VII lists Mn (number-average molecular weight) and 1H-NMR analysis for the
polymers of Examples 80-84. The addition of MET-II-F dramatically increased the
molecular weight, as compared to the polymer produced by MET-I-A alone. Interestingly,
the addition of MET-II-F also changed the polymer architecture, e.g., increasing levels of

10 polymer unsaturation.
The addition of MET-II-F significantly increased the internal olefinic unsaturation
(e.g., cis and trans). Average total polymer unsaturation per chain increased from about 1.2

to the range of 3-5. Internal unsaturation per chain increased to 2-3, and above, double bonds

per chain, as compared to about 0.7 for the polymer produced using MET-I-A alone.

15
Table VII. Summary of Examples 80-84.
Catalyst 2 . _ .
Example (micromole) Vinyl Vinylidene Cis Trans E(Me) Z(Me)
80 0 0.047 0.025 0.007 0.042 0.005 0.045
81 1.0 0.086 0.030 0.029 0.069 0.085 0.074
82 0.1 0.073 0.020 0.021 0.057 0.055 0.083
83 0.25 0.036 0.023 0.018 0.074 0.065 0.036
84 0 0.064 0.027 0.004 0.025 0.064 0.028
Table VII. (continued).
20
Catalyst 2 Total Total Percent Total Internal
Example {micromole) | Internal Olefins | Internal Mn UPC upPC
80 0 0.099 0.171 57.9 98,300 1.20 0.70
81 1.0 0.257 0.373 68.9 178,100 4.74 3.27
82 0.1 0.216 0.309 69.9 142,100 3.14 2.19
83 0.25 0.193 0.252 76.6 174,700 3.14 2.41
84 0 0.121 0.212 57.1 77,000 1.17 0.67
Notes on Table VII:
- IH-NMR data for vinyl, vinylidene, cis, trans, E(Me), Z(Me), total internal,
and total olefins are per 1000 carbon atoms.
25 - Total UPC and internal UPC are average unsaturation per chain.
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formula (C) is
M3 is Zr or Hf; .
X* and X° are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BH;; OBR; or

; wherein:

20 SO;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;

E? is a bridging group selected from:
a cyclic or heterocyclic bridging group having up to 18 carbon atoms,
25 a bridging group having the formula >E**R™R®A, wherein E** is C or Si, and
R’ and R* are independently H or a hydrocarbyl group having up to

18 carbon atoms,



WO 2011/ 002498PCT/ US2010/ 001843 91 9. The process of claim1l, wherein an
average total polyner unsaturation per chain of the polyner produced by the
process iwoiniizoesge from about 1.5 to about 20. 510. TireTSo@e®s18as cl ai m
1, wherein the polynerization processgg s conducted in the presence of
hydrogen at a |liquid phase hydrogen concentration in a range from about 0.1
ppmto about 5000; BR&Zing groupthvinghBe BorR@ASS-CHBRIBALORERIWNEGGERint R,
activator-support conprises.a sotid oxjide treated 10 with an _

el ectron-wit hdrawi ng aRi oR, > #h®Ref #fe independenily H or jachydsacadykgrepp haweg si | i ca,
al um na, silica-al um ng, toSiolchfBn aRAlses al um na, al um num phosphate,

al um nophosphate, heteropol ytungstate, titanig, 8{)i rc_o;IEi 3 magnesi a, bori a,
zinc oxide, a mi x&briégingierouhdpwpg theoformuly PR (R e—t$iBr &of—, wherein R™,  t he
el ectsr on-wi t hdr awi ng ap$boR7E BSLS : isul i .

chl O:Si de, 15bromi de, ?gdi’ ge,’qwgor%gﬁﬁg{@%ﬁﬁ Igg?gbﬁ(ﬁgot%g,b%%g%ﬂ%{%%

f 1 uor ophosphate, trifluptod@catbanatomstif|ate, fl uorozirconate,

fl tit ' i t , .Th
process of oRari L. Shpape AT e Eor PRt G BT Bl 0358Ry abfig

al um na,an¢hl ori ded al uni na, bronided alunmina, sulfated alumna, fluorided
silica-alum pay .chl Qri 0 .silica-al umn brom ded sili ¢a-aglum na,

sul fated sil ??a-lée:llqu c?log’,%gtf‘&lg%li cfegl%g?)?i 3‘5p2?arn o%ufga?m% | Gt id Y

si | il0a- diydrocarbd or bydrovafedsilyil groop having opioal,8 catboh atoad; snd | ca- zi rconi a,
fluorided silicatitania, fluor ded silica-coated alum na, sulfated
silica-coated alum na, phog od g 0a- coated al um na, or any conbi nation
thereof. 25 13. The procgss ) Ii53i n t he organoal um num conpound
conprises trinethylal unitnum al uni'num  tri-n-propyl al um num
tri-n-butylalum num triisobut pLIx®m tri-n-hexyl al um num
tri-n-octylalumnum dii sobutﬁ/ hydri de, diethyl al um num et hoxi de,
di et hyl al umi num chl ori d% N ation thereof. 3014. The process of
claim1, wherein the cBtaky e orR1f7urt her conprises an al um noxane
conpound, an organoboron o '

=/ WO 201%héid498PCT/ US2010/ 001843 92
15. The proceif.o% claim 1, wherein the process is conducted in a batch
reactor, slufty®fe¥dctlor, gas-phase reactor, solution reactor, high pressure

reactor, tubxfand Xéaed mdepeadén®ly|\(Y; BLACHEthyl; BEnzy1; GhekyiNAL BER, OBRY 6pf -
SOsR, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
15  hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;
E* is a bridging group selected from:
a cyclic or heterocyclic bridging group having up to 18 carbon atoms,

4 . . .
ARIZARBA, wherein E** is C or Si,

a bridging group having the formula >E
20 and R'?* and R"* are independently H or a hydrocarbyl group having
up to 18 carbon atoms,
a bridging group having the formula —CR'2’R'*B_—CR'*R"*—, wherein
R'?® R"B R'C) and R"C are independently H or a hydrocarbyl group
having up to 10 carbon atoms, or
25 ~ a bridging group having the formula —SiR'?PR!*°—gjR'2ER!*E— wherein
R'?°, RP, R'% and R"*F are independently H or a hydrocarbyl group

having up to 10 carbon atoms; and



516. The process of claim1, wherein the olefin nonomer is ethylene, and the
ol efin conononer conprises propyl ene, 1-butene, 2-butene,

3- et hyl -weohwtiene49si sobut yl ene, 1- pentene, 2-pentene, Pcmaishyloobispent ene,
4- et hyl -1 - pent ene, 1-hexene, 2-hexeng®, 3-ethyl-I - hexene, 1-heptene,

2- heptene, 3-heptene, 1-octene, 1-decene, styrene, or a mxture thereof.
1017. An ol ef ri* R W€ ran@ROUbfeGddPendditly I 8CL B§droéarby riplhavidk ufd A ticl e
conprising the olefin polymer of claim17. 19. A catal yst conposition
conprisPH%OEQPﬁﬁyst conponent |, catalyst conponent Il, and 15an activator,
wherein: catal yst conponent | conprises a netall ocene conpound; catal yst
conponent |l conprises a hydrogen scavengi ng catal yst; and a nol ar

rati o of3- cat dhgBrocessopelaamd, wherginthe hydregenseansagiag catplystj comprigesdiy, Rby st
conpgsi tps Py F8 NiNE Tid3&ofibdMtigR fidteof0: 1 to about 10,000: 1, and wherein:
20cat al yst Conponent 1 conprises: a conpound having fornula (C; a conpound
having formula (D); or any conbination thereof, wherein: E3/ mex Pi 4

\5 C forymul a LS. el n; J : ..X4 and X5 are
i ndepencfl"e nt | ;/r(l %m%?%? OEQ%HHF;i’qur}ée?ﬁ{}//??tblgset%?p‘?m&% rcl?/?],pn S " BH4; OBR2 or SOBR,
wherein Ris an | or aryl group having up to 18 carbon atons; or a

/\/\@
/\/\@/7"0 | /\/\@7/0 |
@

Y o

Zr

/\/\@ ~cl

10 ; acompound having the formula

(E); or any combination thereof, wherein:
M’ is Zr or Hf;
X? and X’ are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BH4; OBR; or
SOsR, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
15  hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of

which having up to 18 carbon atoms;



WO 2011/ 002498PCT/ US2010/ 001843 93 hydr ocar byl oxi de group, a

hydr ocar byl am no group, or a hydrocarbylsilyl group, any of which having up
to 18 carwonomtoe®s E3 is a bridging group sel ected frorcTarseyiolods4or

het erocyclic bridging group having upmgo 18 carbon atons, 5 a bridging
group having the formul a >ESAR7ARBA, wherein E3Ais Cor Si, and R7A and

RBA are i ndegghdmiﬂ/arblx{%péhdl@ﬁ(tgf DERIPEhta GBS Br A ,gal:\r)gll%ut)ﬁltl;&t SﬁlCBDn

at ons, bridging group having the fornula -
wher ei n 2RG £B, lsmperﬁwlyawaahz@ow llgﬁd’@ﬁ'éh‘ééHPF%/lfi—FaélPona?_t_ﬁjlabéar byI gr oup

having 10up ¢ rfRiHRaR th Bl -9 @HBeaVis3E ifbie
- Si R7TDR8D _si R?IIES%E Wne(rngé n R';D éf&m aR? ’I@S R8Eear elsl nélependew%‘ly H or

a hydroé‘a?rbwluﬁj}’%up having up to 10 car bon atons; RO and Rl are

i ndegendently H or a hydrocarbyl group having up to 18 carbon atons; 15and
Cpl is a cycl opentadi enyl or indenyl group, any substituent on Cpl is H or
a hydr o@ar by The prasgssrad cdaibpyl, siheyein greomplaheatic ref catelysbcargpapantoote catatyss; and

0 41,f ndependent |y
F. d; Orér 1e§1PbI %&le cX\%@E P}powﬁgfh?/llgaﬁ% %E’Fm a%gé%oalngéééﬁaﬂb\/\%gr ein Ris an
aI kyl or aryI group having up to 18 car bon atons; or a hydrocar byl o;aslﬁ ]
g hyd 0, droc rb |SI| u 0 I C
havi g O 3o 16 PERGsalr dtebl WRereR @ niohar Bavibefis Hlatf 868 9Pef o5
cycllioc oemdral activity gréater bhanoh@lomgs,gw(bmpleh af/hydyogep (Ho) pldi} nodlé bDthediydrsgen WO

2011/ 0024980CT] US010/ 01843

7. The process of claim 1, wherein:
a weight-average molecular weight (Mw) of the olefin polymer produced by the
15  process is from about 10% to about 500% greater than a weight-average molecular weight
(Mw) of an olefin polymer obtained under the same polymerization conditions without
catalyst component IT; or
a melt index (MI) of the olefin polymer produced by the process is from about 15% to
about 95% less than a MI of an olefin polymer obtained under the same polymerization
20  conditions without catalyst component II; or
a high load melt index (HLMI) of the olefin polymer produced by the process is from
about 15% to about 95% less than a HLMI of an olefin polymer obtained under the same
polymerization conditions without catalyst component II; or
any combination thereof.
25
8. The process of claim 1, wherein:
a melt index of the olefin polymer produced by the process is in a range from about
0.1 to about 5 g/10 min; or
a density of the olefin polymer produced by the process is in a range from about 0.89
30  to about 0.96 g/cm®; or
an average total polymer unsaturation per chain of the olefin polymer produced by the
process is in a range from about 1.01 to about 50; or

any combination thereof.



94 , 2ARI3A a bridging group having the formula >E4ARI wherein E4A is C or
Si, and R12A and RDA are independently H or a hydrocarbyl group having up
to 18 carwonoatooeas a bridgi ng group havi ng the formnmul aPCT/US2010/001843

- CR12BR13B- - CRI 2CR13C , wherein Ri 2B,91Rt 313, Ruc, and Rl 3c are

i ndependently H or a hydrocarbyl group having up to 10 carbon atons, or a
b si R 2DRI 3D si RL2ER13E ridgi ng group having the forrmula, wherein R121,
R131, R12E, and RI 3E are independently H or a hydrocarbyl group having up
to 10 car bon 18¢ BrAsess Hf ¢laimph wvhereim an gvergge toighpolpmyr upsaturatioapenelaim Py H or a
hydr ocarkypolghéprodiadd BYSthE Brocess IinGahhR Trdt A% 1.5 Moisho.component |1
com:)rises:lgOﬁﬁ ?BBQ C "cI?..,f,CP C“R& 2 Zrr. G 71z, ITH,CL 6 yr,
sui\(...07

5 10.  The process of claim 1, wherein the polymerization process is conducted in the

presence of hydrogen at a liquid phase hydrogen concentration in a range from about 0.1 ppm

to about 5000 ppm.

11.  The process of claim 1, wherein the activator-support comprises a solid oxide treated
10 with an electron-withdrawing anion, wherein:
the solid oxide comprises silica, alumina, silica-alumina, silica-coated alumina,
aluminum phosphate, aluminophosphate, heteropolytungstate, titania, zirconia, magnesia,
boria, zinc oxide, a mixed oxide thereof, or any mixture thereof; and
the electron-withdrawing anion comprises sulfate, bisulfate, fluoride, chloride,
15  bromide, iodide, fluorosulfate, fluoroborate, phosphate, fluorophosphate, trifluoroacetate,

triflate, fluorozirconate, fluorotitanate, phospho-tungstate, or any combination thereof.

12.  The process of claim 1, wherein the activator-support comprises fluorided alumina,
chlorided alumina, bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided
20  silica-alumina, bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia,
chlorided silica-zirconia, bromided silica-zirconia, sulfated silica-zirconia, fluorided silica-
titania, fluorided silica-coated alumina, sulfated silica-coated alumina, phosphated silica-

coated alumina, or any combination thereof.

25 13.  The process of claim 1, wherein the organoaluminum compound comprises
trimethylaluminum,  triethylaluminum,  tri-n-propylaluminum,  tri-n-butylaluminum,
triisobutylaluminum,  tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum

hydride, diethylaluminum ethoxide, diethylaluminum chloride, or any combination thereof.

30 14.  The process of claim 1, wherein the catalyst composition further comprises an
aluminoxane compound, an organoboron or organoborate compound, an ionizing ionic

compound, or any combination thereof.



cl, Ti:, 0CL ) Cd 15 (p2 /[ \ v8 E5Mb-1" \ 3/ )(9 Cp (E); or any

conbi nati on thereof, wherein: M is Zr or H; WO

2011/ 002496RaT/0052810/ 001843 95 X8 and X9 are indepemdsealoposss Cl; Br;
|; methyl; benzyl; phenyl; H BH4; OBR2 or SOBR, wherein Ris an al kyl or
aryl group having up to 18 carbon atons; or a hydrocarbyl oxi de group, a

hydr ocarisy| amhe@rageaUl.cldiin B WHetin @ proteas iy/éon@idstdin #B¥tcP readbor,CdurBaVi Ng up
to 18 carbon atons; 5Cp2 and Cp3 are_ | ndependently a cycl opent adi enyl or

i ndeny| Te35HY» SATRBRSCLIERAAT, Splutigroreanier. bigh nressyrR deastoRdEhvipg Tepctar agtopkavl ocar byl

group hawichg, d#R cbRbikdtiGithbepr, at ons; and E5 is a bridging group having
the formula -(CH2)n-, wherein nis an integer from2 to 8, inclusive; and

the activator conprises an activator-support, an al um noxane conpound, an

10 0150an@bor qhe ProcRésIaNORMN Al SyHERHP M Blefif ndrdRlef 110 ity RAE CakOROMBEL  OF any
conmbi nation thereof. 20.An ofefin polynerization procéss comprising
cont act ICABORMECT cEMnises PropIisesi t-buetangyf2-butene, 3-methyl-1-butene, isobutylene, 1-

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

hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 1-decene, styrene, or a mixture thereof.
10 17 An olefin polymer produced by the process of claim 1.
18.  An article comprising the olefin polymer of claim 17.

19. A catalyst composition comprising catalyst component I, catalyst component II, and
15  an activator, wherein:
catalyst component I comprises a metallocene compound;
catalyst component II comprises a hydrogen scavenging catalyst; and
a molar ratio of catalyst component I to catalyst component II in the catalyst
composition is in a range from about 40:1 to about 10,000:1, and wherein:
20 catalyst component I comprises:
a compound having formula (C);
a compound having formula (D); or

any combination thereof, wherein:

Noso

1
formula (C) is Cp ; wherein:
25 M3 is Zr or Hf;
X* and X° are independently F; Cl; Br; I, methyl; benzyl; phenyl; H; BH4; OBR; or

SO;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a



claim19 with an ol efin nononer and optionally an ol efin conononer under

pol yneri zation 15 conditions to produce an ol efin pol yner.
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hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;
E'isa bridging group selected from:
a cyclic or heterocyclic bridging group having up to 18 carbon atoms,
5 a bridging group having the formula >E**R7AR®A, wherein E** is C or Si, and
R’ and R* are independently H or a hydrocarbyl group having up to
18 carbon atoms,
a bridging group having the formula —CR"PR®—CR’°R®C— wherein R"®,
R®, R7C, and R*C are independently H or a hydrocarbyl group having
10 up to 10 carbon atoms, or
a bridging group having the formula —SiR"’R®’—SiR®ER®*®— wherein R,
R®®, R, and R®E are independently H or a hydrocarbyl group having
up to 10 carbon atoms;
R’ and R'" are independently H or a hydrocarbyl group having up to 18 carbon atoms;
15 and
Cp' is a cyclopentadienyl or indenyl group, any substituent on Cp' is H or a
hydrocarbyl or hydrocarbylsilyl group having up to 18 carbon atoms; and

o AIGE P

6
E M“\’§7
R'€ C C{ Q R17
formula (D) is ' ; wherein:
M*is Zror Hf;
20 X® and X are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BH4; OBR; or

SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;

E* is a bridging group selected from:

25 a cyclic or heterocyclic bridging group having up to 18 carbon atoms,



WO 2011/002498 PCT/US2010/001843
94

a bridging group having the formula SE*AR'?AR"®A, wherein E* is C or Si,

and R'?* and R"* are independently H or a hydrocarbyl group having
up to 18 carbon atoms,
a bridging group having the formula —CR'"PR"P—CR'*“R'**— wherein
5 R'2 R'*B R'*, and R"C are independently H or a hydrocarbyl group
having up to 10 carbon atoms, or
a bridging group having the formula —SiR?PR"*P—SiR'* R'*®—, wherein
R, R1P R!%E and R"E are independently H or a hydrocarbyl group
having up to 10 carbon atoms; and
10 R R", R', and R'" are independently H or a hydrocarbyl group having up to 18

carbon atoms;

catalyst component II comprises:

; acompound having the formula

Cp3 o :
P (E); or any combination thereof, wherein:

M is Zr or Hf;
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X® and X’ are independently F; Cl; Br; I, methyl; benzyl; phenyl; H; BH,; OBR; or
SOs;R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or a
hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group, any of
which having up to 18 carbon atoms;

Cp” and Cp? are independently a cyclopentadienyl or indenyl, any substituent on Cp*
and Cp’ is independently H or a hydrocarbyl group having up to 18 carbon atoms; and

E’ is a bridging group having the formula —(CH,);—, wherein n is an integer from 2
to 8, inclusive; and

the activator comprises an activator-support, an aluminoxane compound, an
organoboron or organoborate compound, an ionizing ionic compound, or any combination

thereof.

20.  An olefin polymerization process comprising contacting the catalyst composition of
claim 19 with an olefin monomer and optionally an olefin comonomer under polymerization

conditions to produce an olefin polymer.



