WD 2011/ 133409PCT/ US2011/ 032610 1 CATALYST COWVPOSI TI ONS FOR PRODUCI NG HI GH
Mz/ Mv POLYOLEFI NS BACKGROUND OF THE | NVENTI ON 5The present invention

rel ates gwoenalisgswo the field of ol efin polymerizati onpcatimkggio32610

met al | ocene catal yst conpositions, nethods for the polynerization and

copol yneri zation of olefins, and polyolefins. Mre specifically, this
invention relates to olefin polyners having high M/ Mv ratios, and the
catal yst conpositions and pol ynerization processes used to produce such

ol efin polynmers. 10In the polyner sciences, various neasures of the average
nol ecul ar weight of a polymer are utilized. For instance, M is the
nunber - aver age nol ecul ar WeAGIRLY SEINCOBPOSETMINOFOR aver age nol ecul ar wei ght
and Mz is the z-aver agePRODeEUINGrHWE HhatMw PROEYCGLERONST MM Mn is often used
as a neasure of the breadth of the nol ecular weight distribution of the

polynmer, and this ratio i r 15 pol ydi spersity index.
The ratio of Me/Mvis a néégﬁﬁﬁﬂﬁﬁﬁﬁﬁégﬁﬁgiﬁ?ﬁNﬁﬁSWhe hi gh nol ecul ar wei ght
fractions of the Telpeweit imadneich Irélitesvpinghilly db Stiar filldtoff @fefin polymeriz&adny ol ef i n
honopol yrer s, poI erpolyners, etc b duced. usi ng vari ous
Conby nat | on e i pscte St Bine bERer sty eSS firofie BGEBLEUT Ba met hod
that can becdpsBehetigatidh @HbIGENS dl’ﬁdlélﬁlkel\/ldﬂ@s@&ﬂbeﬂwsth@\s iFRdnabh ﬁmae based

20 catal yst systen1 PonoIefln avi ng a uni nodal npl ecul ar. wei g

di stributi of, Olpfibaglrastaving MehMaYMorEns -and Sbel caaly s %PéllPO%lf}%l%Se%ﬁd general |y

have rel atl J{Merlz@ll\bd\ﬁ%é\éase@GQd%fJMﬁde%émeﬁd olyRyb d be beneficial to
efins using a netall ocene-based catal yst systemthat have

pr oduce
hi gher k@/ Mv r atln 8 ROARET SOiRREhtvRBoREI Menstray ofobe merass srdeqyler yeictt ofns .

Accor dingly, lB/m'els arrechnthgéds F&Clnétﬂf‘élé fhes R fEter g@ra@é%&lb&'&r'v&@lﬁr ect ed.
SUMVARY OF TlBl present 1 nvention di scl oses

polynerlzatM@hwpﬁGGQQQ@éW@ﬁgiG@kﬂghﬁﬁamhb&méﬂvgvs§®Bi@ﬂ%%ﬁom0bﬁéwproductlon
of pol ymers,, Xl%ﬂth e l]atll{téwxxl/ﬁﬂl' RSoftchusBE GO fof%@a?sﬁre"‘l)i{ ﬁlaatgeaélﬁpglstﬂhm the

present invention, a cat st conposition rovi
cat al yst compbaﬂ@hmﬂ@ﬁah@@mﬁwsOEamamwmwrcmdﬁbﬂeﬂm1$ahcaﬂathDasdnponent I,

and an B84 N ANSL NG ARPECAARD 0L Sl PO WISELERL LR RERCSSS 1o
provide andf, PP 4 pect rocess Ses' “contacti n égcatalyst
conposi ti Onmolecular weight fract10n of the polymer molecular we1ght distribution.
Polyolefin homopolymers, copolymers, terpolymers, etc., can be produced
using various combinations of catalyst systems and polymerization processes. One
method that can be used to produce such polyolefins employs a metallocene-based
20  catalyst system. Polyolefins having a unimodal molecular weight distribution,
produced using a metallocene-based catalyst system, generally have relatively low
Mw/Mn and Mz/Mw ratios. It would be beneficial to produce polyolefins using a
metallocene-based catalyst system that have higher Mz/Mw ratios than conventional
metallocene-based polyolefins. Accordingly, it is to this end that the present

25  invention is directed.

SUMMARY OF THE INVENTION

The present invention discloses polymerization processes employing dual
catalyst systems for the production of polymers with high Mz/Mw ratios.
In accordance with an aspect of the present invention, a catalyst composition
30 is provided, and this catalyst composition comprises catalyst component I, catalyst
component II, and an activator. In another aspect, an olefin polymerization process is

provided and, in this aspect, the process comprises contacting a catalyst composition



2 wth an olefin nononer and optionally an ol efin conononer under

pol yneri zation conditions to produce an olefin polyner, wherein the

cat al yst worepugi3s40on conpri ses catal yst conmponent |, catraryustogcosponent |1,
and an activator. In these catal yst conpositions and

pol ymeri zati on processes, catalyst 5 conponent | can conprise at |east one
ansa- net al | ocene conpound havi ng formd a (n: MAis Ti, Zr, or Hf; XiA
and X2A are independently F, C; Br; |; nethyl; benzyl; phenyl; H BH4; 10
OBR2 or SR, wherein Ris an alkyl or aryl group having up to 18 carbon
atons; or a hydrocarbyl oxi de group, a hydrocarbylam no group, or a

hydr ocar byl with ywh otpfiouponoary and optiinglty Waviefig cupommnelsmdfarMmfa'tzamm; EAis C

or Si; RR2 nt | dr I (9 to 18 carbon
S S N i
havi ng up ta:atalﬁtccanﬂnmantamatmlystwmroaemIIRﬁiﬂiﬂanaacevamt ar yl groups; R6A

Z? gm;R 7Aaﬁ‘{je I ndeIBe%%gentcla%Iylgt 0crompos1 91{80%1’15 blyolyr%rl it onhap\flocrc]e selsjp cgtglys:!'ts car bon

S5 component I can comprise at least one ansa-metallocene compound having formula

(I):
R6A O Q R

1A
R1A\EA X

/ \ / \XzA

p (I), wherein:
M* is Ti, Zr, or Hf;
X' and X** are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;
10 OBR; or SOsR, 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 C or Si;
R'* and R* are independently H, a hydrocarbyl group having up to 18 carbon
15  atoms, or R' and R** are connected to a form a cyclic or heterocyclic group having
up to 18 carbon atoms, wherein R'* and R** are not aryl groups;
R® and R™ are independently H or a hydrocarbyl group having up to 18
carbon atoms; and
Cp”* is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
20  substituted derivative thereof, any substituent on Cp”* is independently H or a
hydrocarbyl or hydrocarbylsilyl group having up to 36 carbon atoms.
In these catalyst compositions and polymerization processes, catalyst

component II can comprise at least one ansa-metallocene compound having formula

(II):



CPA is a cycl opent adi enyl, indenyl, or fluorenyl group, or a
het er oat onR20substituted derivative thereof, any substituent on CPA is
i ndependew®l2911H38109a hydr ocar byl or hydrocarbyl silyl gr@ap/usamitiospesp to 36
carbon atons. In these catal yst conpositions and polynerization
processes, catalyst conponent |1 can conprlse at | east one ansa-netal | ocene
conpound having formula (11): M |s'ﬁ Hf ; X1B and X2B are
i ndependently F, d; Br; |; methyl; benzyl phenyl; H, BH4;, OBR2 or SOBR,
wherein Ris an alkyl or aryl group having up to 18 carbon atons; or 5a
hydr ocar byl oxi de group, a hydrocarbylanlno group, or a hydrocarbyl silyl
group, any of which having up & 1§ atons; EBis Cor Si
Ri B and R2B are independently group having up to 18
carbon atons, wherein at | 2B is an aryl group having
up to 18 10 carbon atons; snd R711 are independently H or a
hydrocar byl group having up to 18 carbgn atogt8 and CpB is a

up,

cycl opent adi enyl, indenyl, & nyl 0 or a heteroatonsubstituted
derivative thereof, any substlyuénm\gaé B ndependently H or a

15hydr ocar byl or hydr ocar byIRAE yI aV|ng up to 36 carbon atons.

Pol yners produced fromthe polyneriz§ of olefins using these catal yst

systems, resulting in honopol yners, copol yners, and th&»MIREM™ can pbe used
to produce vari oudisartz.chasr,of manufacture. In sonme aspects of this
i nvention, an eth,)élene2 ol yner produced hereln can be characterized as

havi ng the fol | oW ﬁ@dab ivapdependspibplyr ¢ 8&: L etyh-bspadadentolleBlar wei ght

di stributi ogpRAoF SOIRO whtreMW Munf JI8ToRRQHE 0B hai 18.caoh abhR; & M/ My
from about 3 to about 6, and a reverse conononer distribution. BRI EF

DESCRI PT1 O\t @rag by xGlgRergulre| achy drogartyy ipstinea 8esp.a0Tr & By dreeertyat iy b erosp.nodal
mol ecul ar V‘ﬁly%‘ivh%'hshta{;ihg ng PR carbon atoms;

E® is C or Si;
R'"™ and R*® are independently H or a hydrocarbyl group having up to 18

carbon atoms, wherein at least one of R'® and R*® is an aryl group having up to 18
10  carbon atoms;

R® and R™® are independently H or a hydrocarbyl group having up to 18
carbon atoms; and

Cp® is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
substituted derivative thereof, any substituent on Cp® is independently H or a

15  hydrocarbyl or hydrocarbylsilyl group having up to 36 carbon atoms.

Polymers produced from the polymerization of olefins using these catalyst
systems, resulting in homopolymers, copolymers, and the like, can be used to produce
various articles of manufacture. In some aspects of this invention, an ethylene
polymer produced herein can be characterized as having the following polymer

20  properties: a non-bimodal molecular weight distribution, a ratio of Mw/Mn from
about 3 to about 8, a ratio of Mz/Mw from about 3 to about 6, and a reverse
comonomer distribution.

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 illustrates a representative bimodal molecular weight distribution

25 curve.



4 FIG 2 illustrates a representative binodal nol ecul ar wei ght distribution
curve. FIG 3 illustrates a representative binodal nol ecul ar wei ght

di stri butworrotum3s®9 5FI G 4 illustrates a representati vechiusedalo3zesnd ecul ar
wei ght distribution curve. curve. 10curve. curve. FIG 5 illustrates a
representative binodal nol ecular weight distribution FIG 6 illustrates a
represent ati ve non-bi nodal nol ecul ar ight distribution FIG 7 illustrates
a representative non-bi nodal nol ecul ar weight distribution FIG 8
illustrates a representative non-binodal nol ecul ar wei ght distribution
curve. 15FIG 9 illustrates a representative non-bi nodal nol ecul ar wei ght

di stribution curllé. Flilfmstrdtes jal tepstangties tamodab rredeqviaat weightndintributrmd al

nol ecul ar vwguirgeht di stribution curve.
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FIG

3 illustrates a representative bimodal molecular weight distribution

4 illustrates a representative bimodal molecular weight distribution

5 illustrates a representative bimodal molecular weight distribution

6 illustrates a representative non-bimodal molecular weight distribution

7 illustrates a representative non-bimodal molecular weight distribution

8 illustrates a representative non-bimodal molecular weight distribution

9 illustrates a representative non-bimodal molecular weight distribution

10 illustrates a representative non-bimodal molecular weight distribution

11 illustrates a representative non-bimodal molecular weight distribution

. 12 illustrates the definitions of D90 and D10 on a molecular weight

curve.

. 13 illustrates the definitions of D85 and D15 on a molecular weight

curve.

. 14 illustrates a substantially linear short chain branching distribution.

. 15 illustrates a short chain branching distribution (SCBD) that is not

substantially linear.

FIG

. 16 presents a plot of the molecular weight distributions of the polymers

of Examples 5-6.

FIG

. 17 presents a plot of the number of short chain branches (SCB) per 1000

carbon atoms as a function of the logarithm of the molecular weight, and a linear

regression analysis, for the polymers of Examples 5-6.



FIG 11 illustrates a representative non-bi nodal nol ecul ar wei ght

di stribution 20curve. FIG 12 illustrates the definitions of D90 and
D10 on a wol2ecwi3aowei ght di stribution curve. FI GpcTaISeéwston@t es t he
definitions of D85 and D15 on a nol ecul ar wei ght distribution curve. 25FI G
14 illustrates a substantially Iinearﬁghort chai n branching distribution.
FIG 15 illustrates a short chain branching distribution (SCBD) that is not
substantially |inear. FIG 16 presents a plot of the nol ecul ar wei ght
di stributions of the polyners of Exanples 5-6. 30FIG 17 presents a plot of
t he nunber of short chain branches (SCB) per 1000 carbon atons as a
function of the Iflé?gaS prebantsof plohe tivolvethgl af shortichin braaeias ESTB)peat000egr essi on

anal ysi s, fé)arb aet\orgé) ]aél m‘afut§ct181f1 OFXI%HB%arﬁh 0(% t]aes%g ecular Wiléht(’) an(i]' §1 & gsents a

pl ot of t he“Nu ey of* SHOTT KA anc ¢arbon atons as a
function ofmgnsmhn@mbm$hhnmépmymmnﬁmhambhm MEIght and a linear regression

anal ysis, for the polynmer of Exa I NI TIONS 5To define nore clearly
the terns used herein, the folloaﬁﬁgﬂgg¥§ﬁgtions are provided. To the

extent that any Teldfmetrmh@n chharlySiegermy 0deddeebihthamllodagudsnitionnaer por at ed

herein by referenc nflictg with t e.definition o sa rOV|ded hereln
t he defini tPYBWdBGP ﬁ?a & eﬁS%Rxﬁ’G‘eﬂ% 8? BP0 O Pags sPrOV*F[?Q Lhye?% WM Her

used her ei Ning@pPGHice aleckdin 19 icftgdndéd Qo@ﬂh@tfs I Withl Ghch @EMRARInY B isage (iﬂ@ﬁiléﬂner 5
terpolyners, and so forth. A copoly is derived froman ol efin nonomner

and one ol el?qrﬁnébmw@ﬂorwwoal ?%P%wﬂ%m s derived froman ol efin

nmononer and two @efitdh COIBMARITEr §. &L ORI lo¥nericAR! VBB inclQRC YIRS Ses
copol yners, terpolyners, etc., derived fromany ol éfin nononer and

cononom? ( shorepelinsse gonebedh termlpnerrang so dorthet A oRANMEG Y Jared fOW d i ncl ude

et hyl ene an olefin monomer and one olefin comonomer, while a terpolymer is derived from an
olefin monomer and two olefin comonomers. Accordingly, “polymer” encompasses
copolymers, terpolymers, etc., derived from any olefin monomer and comonomer(s)
disclosed herein. Similarly, an ethylene polymer would include ethylene

15  homopolymers, ethylene copolymers, ethylene terpolymers, and the like. As an
example, an olefin copolymer, such as an ethylene copolymer, can be derived from
cthylene 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.

20 In like manner, the scope of the term “polymerization” includes
homopolymerization, copolymerization, terpolymerization, etc. Therefore, a
copolymerization process would involve contacting one olefin monomer (e.g.,
cthylene) and one olefin comonomer (e.g., 1-hexene) to produce a copolymer.

Hydrogen in this disclosure can refer to either hydrogen (H,) which is used in

25  apolymerization process, or a hydrogen atom (H), which can be present, for example,
on a metallocene compound. When used to denote a hydrogen atom, hydrogen will
be displayed as “H,” whereas if the intent is to disclose the use of hydrogen in a
polymerization process, it will simply be referred to as “hydrogen.”

The term “co-catalyst” is used generally herein to refer to organoaluminum

30 compounds that can constitute one component of a catalyst composition.
Additionally, “co-catalyst” can refer to other components of a catalyst composition

including, but not limited to, aluminoxanes, organoboron or organoborate compounds,



15 honopol yners, ethyl ene copol yners, ethylene terpolyners, and the |ike.
As an exanple, an ol efin copolyner, such as an ethyl ene copol yner, can be
derived fwormnatiigdoene and a conononer, such as 1-but enepPCIAISexa08261@r
1-octene. If the nononer and conmononer were ethylene and 1-hexene,
respectively, the resulting polyner wo(ﬁI d be categorized an as ethylene/l
- hexene copol yner. 20l n |ike manner, the scope of the term "pol ynerization"
i ncl udes honopol yneri zati on, copol ynmeri zation, terpolynerization, etc.
Therefore, a copol ynerization process woul d invol ve contacting one olefin
mononer (e.g., ethylene) and one ol efin conononer (e.g., 1-hexene) to
produce a capoloymag. ioklgdroogenndsnag Kissloghidsldrgs,uwberc asedr isf aiditioo teianher

hydr ogen ( - wWhi i ed . in pal izat]o e hydr ogen
atom (). wtHOkEoy BRCEuh oo ARl WHERLARD RLRRET huclln & Vo
When used tthe dempduadar hydelegeical atedrmishyigr ehjieln thai dompbeddingpdgyed ms "H, "
whereas if the inte .s.to disclose the u f .hydr.ogen. .n a

pol yreri zat ?Ig’nasﬁ%cnéglfs AR (H%‘? ?ﬁﬂny %)éca?%fsgr Fseéseflot%aglsguhgyﬁpo@%tn. " The

t er m " cos catamhppfint of the uselgistgompodd dnyfrdnethe intetdllocdne bempdund@y.ganoal um num 30
conpounds t hat n constitute aone conponent, of .a catal yst. conposition.
Additional Iy, "coeddts lcailé{ﬁref‘tégé&})dt%“ h&F eSS BMSH: s t‘i??tggs@gt al yst
conposi t i onodidCdduthotld,” Bl the ke, lateist@Bertif to AldibAIcROXBNESoreMi@SIGDET On or

or ganobor at e. conpounds, and ionizing ionic¢ _conpounds, .as disclosed

. .6 [
herein, wheislatisey high noryity.i Wk epnaayhibitliewat idis pipBrntted agidic behayior,
" co-cat al ysfng Which 28 béaopatliesish of clbRoelidhwihbRehbOnOftyfibiglycampound or
any chem cal nmechani sm by which the conpound nay operate, %’n one aspect of

this inlent e anhavhichrimcalgied aflhe ylsetron-withfsaping gogpaenhiyuyippllyrgt 5

conponent  ofjdifig vARuAMSS 2HONROSEL LORpdIMEM TR, MRt ALhRGANGAQTRAMN(S) .
The ternms "chemcally-treated solid oxide," "activator-support,” "treated

sol i d oxi deoxiémgso saapriscanglaied chitRed preguet afgelbati opesqhidtagidenvdihcrdeasta sol i d,

i norgani ¢ oxj 1 Lvel .y hi Y, ' L1k Wi s acidic
or Bronst ed&fge?%%n lg@h%%”}é% %éoﬁcf gﬁv\lﬁ?gﬁlﬂﬁdgybgﬁﬁkﬁgég?ga%ﬁ% lﬁ, %%a%%

el ect r on- wi sdhid oawk ngmpsep anlest pnet agplicallidyxaln cd@pamidoihe gmas (uppdit™ s

cal ci ne The el.ect ron-w.t.hdr awi (o] n is tvpicall.
el ectr ogs- Wi {]ﬁd %gt\?&laaoéglé?ﬁ Bt n Qgeoﬁo\ﬁncuggdc%rqug)%ﬁegﬁoznsqoxﬁsegjg H%erﬁe % 311 ISlf/qht reat ed
sol i d oxi decangrnooiphiigé @otchd conedied oast act inpit ochmgionoft aft theeastlysne sol i d

oxide with at | east e el.ectron-w thdraw ng .ani on source conpound.
Typically, SHoSREh dhriShETaaiBs b T PPl RbE 4 SR one acidi o
sol i d oxi detrepsdpaliddoxiddie Thertemn “sdaippor,t "as hisedhekeingcéthbiv ageneraByppart” are
not used touirbn*g%y hese c rrp?nent S. are irﬁzrt, and such co ogrentﬁf shoul d
not be constPHecde FhCIPRRF 1 ETHFIRE At I CHE ‘i?&tpa’fl‘i}%ﬂnt%%& PE%n. The
acti vat o - s¢HaRRIyimedize HRENYLE s IVertind\eedhiaOipro@itt bea tefllefthe dbhyonkfiteat ed
solid oxide. The term"activator," as usid herein, refers ggner%}lly to a

subst ance t#Hdt? FUNRORFH Biad P Ideh Ay aGtEvRiablc disak 1 R el edhdafere tent o a

catal yst t habtaBQcr@NvIRA! HEBAUARCIcEEdFoun®do&ORMELIEch Mg campRRt @k apr oduct of
a netall ocene conponent and a conponent that provides an activatable |igand

(e.qg., an aligapf, intg apatphistidnt qap pplyecres Aefitse dhes, teihis sedyegadlenof dcene

conpound doéb%ua'i‘%tié‘a{tfng?ﬁ%c}faﬁmﬁ!i S@usHER Bclil A3 dinclL i %c@va@cﬁ‘ls%ﬁ&k, that can
polyneri ze olefins. This termis used regardless of the actual activating

mechani 8m #lpmipexangs.ioyganglearpy gt egendbaratauelpeeRdsy HNINgSIpIe sempounds,

and the like. Aluminoxanes, organoboron or organoborate compounds, and ionizing
ionic compounds generally are referred to as activators if used in a catalyst
composition in which an activator-support is not present. If the catalyst composition
contains an activator-support, then the aluminoxane, organoboron or organoborate,

30  and ionizing ionic materials are typically referred to as co-catalysts.
The term “fluoroorgano boron compound” is used herein with its ordinary

meaning to refer to neutral compounds of the form BYs. The term “fluoroorgano



25 al um noxanes, organoboron or organoborate conpounds, ionizing ionic
conpounds, and the |ike. Al um noxanes, organoboron or organoborate
conmpoundswoand/i3spzi ng i oni ¢ conpounds general |y are reCensed1seas
activators if used in a catalyst conposition in which an activator-support
is not present. If the catal yst conpo ’ tion contains an activator-support,
then the al um noxane, organoboron or ofrganoborate, 30and ionizing ionic
materials are typically referred to as co-catal ysts. The term
"fluoroorgano boron conmpound” is used herein with its ordinary neaning to
refer to neutral compounds of the form BY3. The term "fl uoroorgano 7
bor at e corrpbmutd'bomp@mdﬁaboihtlsitsuwa] mpgany togefeo to dik enonpaniviie setdrdani oni ¢
salts of a fl 0 he- [ where Y
" epr osent o MqRBRoARS, CGhAn NTRE It B, LR LT ooy e
general ly aﬂubrmaﬂeﬂ emgalnmegrysupf eMaterath ofothes fypsrsgaacgbmr:dbf ard arlgaivolyor at e
conmpounds. r.m 16/ ein, describes a conpound
conpri si ng rﬁeniegé 5t 8?%%?%0501%3%0%? 805113?38 enyl -type noiety, wherein 113
to g5- cyxl oal kaditenyin mdtatdcas,’ d?,ojsbtﬂberé:lyCde@@&ﬂi adompytind|lcompridsg ati ndeny|
| i gands, fluorenyl ;ligands the Iike, Iudlng pactially saturated or
het er oat om@%mt*ﬁtt@m e Oelgﬁfid IS OHE rawatp/o ile@fn AniP ofcyqdedirdiepdssi bl e
substi t uent l%ofaﬂestlhaafe Ay BBOASITBY1idnad, lﬁﬂﬁnﬁ' hgallrt@rﬁﬁ&érﬁdﬂ hganas a;k@ tHenvention
conprises partially saturated |igands such as tetrahydrol ndeny
t et r ahydr of llgomshying nagtedh yefrigtod o hetsiprtonpaibstitated ﬂerwflwa&reﬂaalpgﬁd@nyl
partially sghusahed fﬂgg%@wﬂ)mm@ﬂ@ el ngsHERPHRAOT, SHASbI e
versions of cycloal ka Dl 6t 1 es al So ‘are enconpassed .
het er oat®m Budnsion t @p@arlaseer phioakdy ofaturatey clliopdnt aetibe ragl teteahydrnuléﬁwl,, or a
fl uorenyl S ogen, 15
silicon, bor %%Bldﬁog@gn%%%l 6%8’8{6% ragba?%iﬁp]ﬁ%gnﬁ Mat Ilydgttr}al&n%atﬂ}at(t:%r bon atons
to formt heﬂmceeqye(amd\ﬂe ldgecIHettermwre{sybstltunedsmmorrsmﬁtceododkadiehml meleaetSI ocene is
referredto sinply. as c

"co-cat al ys%lﬁ0 "lgg eﬁcs et a%er elleri% fc‘)al’m\ré?efm Subftqutn? Versmns Oﬁ‘f %"Cloé’np{taéle rlfoaéll um num
corrpound ‘I'inéertyErolrra fluvomhgl gredp, canfogigt dno oy mord:]ﬁtﬁbay&hs rsuohta.srrmogen cat al yst
system 7. and fohe li ke, .do not degend upon het act L{ﬁﬂ rod ct or
conposi t1 on ‘P%Oélu PR SF PBRITHET BAP AP o/ CRRRPFEN B CALOT &
conmponent s ﬁ)imtth@reslbean%dzcﬁaha)h@tﬁt Ircmﬂiwsdntdxfsnmmrxéturoeélﬁ:yistrﬁmred ﬂ@e nat ure
of the active atalg%tlc site, flhefate f the, co-cat al hthe
met al | oceneSIE‘Bﬁ'ﬁéd (cal yS‘anS‘i‘ rB‘i‘ %S%n‘ﬁ% © (RGP GRAYEp 1@6%[ pf¥cont act ed
m xture, ortotrbfer dCtok ¥ainfle, af oiGanoaR@lihMatehpspport), after conbi nl ng these
25 conponents. Therefore, the terns "catalyst conmposition, " "catalyst
m xture, " "cat al YSttcrEipsicaplyst compositien. ‘F@@lyséﬁé’éfﬁi?asscaﬁah’ét 1Yter; a‘lmdst arting
componedd s @f 1HkBeds RIMRPEdd Qibn BS a&ﬁillpr@cﬁlcma&&ﬂﬁsu@ﬁ Qsisuﬁﬁlgsﬂom resul t
fromcontacting these initial starting components, and this is inclusive of
both het er o@if€buSr arsaction o erbsusingisl acymponsyist oks thsr @@Wﬁésﬂt“iﬂdﬁs 30The
term " Cont aghm R AGGhxtuk v USEANDREGNL AR ABSCEMRCHCATPOS ki @asyer e n the
conponents are contact %loget her 1n any order, in any manner, and for any
| engt h of témeatalysortheegiglloesnet ¢nenponidion ent 9le@ann@@mnls@ctoeurebafem endi ng or
m Xi'ng. precontacted mixture, or the activator (e.g., activator-support), after combining these

2 (13

25  components. Therefore, the terms ‘“catalyst composition,” “catalyst mixture,”
“catalyst system,” and the like, encompass the initial starting components of the
composition, as well as whatever product(s) may result from contacting these initial
starting components, and this is inclusive of both heterogeneous and homogenous
catalyst systems or compositions.

30 The term “contact product” is used herein to describe compositions wherein

the components are contacted together in any order, in any manner, and for any length

of time. For example, the components can be contacted by blending or mixing.



8 Further, contacting of any conmponent can occur in the presence or absence
of any ot her conponent of the conpositions described herein. Conbining

addi ti onaworeatierns@bs or conponents can be done by any s®CTAlst@1meich@d.
Further, the term "contact product” includes m xtures, blends, solutions,
slurries, reaction products, and 5 the lIike, or conbinations thereof

Al t hough "contact product” can includ€ reaction products, it is not
required for the respective conmponents to react with one another.

Simlarly, the term"contacting” is used herein to refer to materials which
may be bl ended, m xed, slurried, dissolved, reacted, treated, or otherw se
cont act ed i Furheneountattang afeampepmpdi@fheant eacm Ihpthe poneree toe dbsentexoilany i s used
herein to d ri ir m . talyst conp t{u . are

cont act ed f%ﬁgrac Iﬁl?os? IEtp%fitﬂ%)ed C%(;%'bqsﬁlorrgg p#%é@e%/gle{e%lé f¢$1§l§ﬁn% X aﬁdﬁtleo%lei ng used
to form a "pastidont aompaicnercas eeoduae rhyxdngr siitalfle catlaldy sFurdenpbaemtns t hat are

contacted for a second.perjod.of ti . Typi.cal ly,. the precontacted m xture
describes a ST PANGE BRI iR DI SRIC oHidTie: "I ARG 1800, ne)

ol ef i n ndnotieniké,osr cvadOAEsS)theradsi] ARG PIO &t dnfdch privd g pauindlu(©reactipounds) ,
before this m xture is contac e&lﬁwith an activator-su otés% nd opti onal
addi ti onal WP lﬁﬁPh‘iﬁﬂlflf?grflﬁb deSPeFie ,COIBP%Q?Bﬁtt%ETaé‘g H](r’-zg ¢ “conponent s

that are usgihilfy COnkamt “ORAERIMRT RetsedMeteiPtd Rfferttd mMddEaRCHhiBY nayebecoOnponent s
in the second, postcontacted m xture. Accordi nglg this invention may 20

occasi onal | §eiseds Mixgthi rrigrh disedieds reagiepotiated. piseiBeryvise soniaspd in ypane

precont act egihéintdndée and that conponent after the m xture has been
prepared. For exanple, according to this description it is possible for
the pretdnt act edhsrigAhGurRiapad Boe imercd bpred tprdescgibe 8 g apis@rawit h t he
met al | ocene e thiterrOlceihAed RAA Bt pbiRdN&VEmE HR6E &AMk OrirfOr M at

| east one different chem cal conpound, 25 formulation, or structure from
t he di sti ncmixgirgabeid whhdn tamfedhsolipestagaieeted o opreparde mixferepple catabysict ed

m xture. In ' e nt.ac rg | ypi aum d qor
conponent igot"ﬂigggﬁﬁ@% %arg %dgllrir@g%?sfoggé gsgcoglrd gg‘%%gl gfrgt%m g%%gg’d tl?}hat was
used to prepasatacted npxiecaletaibtedmmtut of mctaldphding ¢ammihd/(ont hempredlzmnt act ed

m xt ure,gan scri-he 1. X f talloce conpou n

or ganoafﬁm’ Onn% cog)ert;l%oﬁl?loél%)e% u%rFi %Pnﬁer bn%gc{a?%%ggathﬁﬁlggﬁi E?%lﬁgeun\?\n g%r an

acti vat or - sumpontdss) befdiki thipmextort & cedaaddx withe aralasivat@rsuplesicy)i el a m xture

of 9 netall gcene mpound( s ol efin nmononer ( and activator.- support(s),
et ore th SR uPERREet e eudng ARG ga Ikt AR ShREPSo!
conmpound orcogispaisndRat are used tOI todtak | aach tdileert ®utMptipO3é cooRtadtigedie m xt ure

is used herein to describe g second%%ll xture of c Iaifl i cog:ﬁ.onents that are
cont act ed fMPYIEUE Bhe SEOPGPOSEORRGle! mixgure , fogerdinglyn ¥ YN BRaYahi ch i s
the " pregontedi@dlly Qfistinbhisit beiwebnl e cethpdnaitahiyts tto CRERGNENY prebhiddctayer e
contacted for a fi rslt1 period of tine. T)I'()#Ipi cally, the term "postcontacted”
m xture is WEEHe Hef dhel cogPaRat it thepaixirg gy Segy PieBtrad | JOBFE2RIfpound(s),

ol ef i n MONOLRE ML, toOthBAMNQEHHTHh NHMY GRIRN TG &k, prédddtaded Io¥@he41SHRRAT t (S)
formed fromcontacting the precontacted m xture of a portion of these 10

conponent s wIeuRhyongeldt 5 sprErctedo B nBatBetaipgers eUnppaRe AP theelefin

post cont act ggndhet! W GavdhidaBrd ©NRrACh ¥aliObnS URRAME HONRAI 8&Fpdind,
chemcally-treated solid oxide. For instance, the additional conponent

added t & nafeemuiptiarher pasutcotradeditingtorganealennupeompendiisehiolpyepeiceat ed
solid oxi d_ethg %&%oﬁﬁct@@ﬁ\}é{gaﬁi ﬁ)l%eéaﬁe Ql%d;%;g&tn{agfaalo G%P?ﬁlﬁﬂin{uﬂccloﬂlg"&rﬁln
or ganoal um num conpoun i'ch I's thé sane as or erent fromthe
or component is described as comprising an organoaluminum compound that was
used to prepare the precontacted mixture.
Additionally, the precontacted mixture can describe a mixture of metallocene
30  compound(s) and organoaluminum compound(s), prior to contacting this mixture with

an activator-support(s). This precontacted mixture also can describe a mixture of



15 or ganoal um num conpound used to prepare the precontacted m xture, as
descri bed herein. Accordingly, this invention may al so occasionally

di stinguiwb 2battme®n a conponent used to prepare the postconiSacii@send xt ur e
and that conponent after the m xture has been prepared. Al t hough
any nethods, devices, and materials simlar or equivalent to those
20descri bed herein can be used in the practice or testing of the invention,
the typical nethods, devices and materials are herein described. Al l
publications and patents nentioned herein are incorporated herein by
reference for the purpose of describing and disclosing, for exanple, the
const ruct s anatdllorend ocdopagiles ddfat man@naes candletviter-suhgortinbbéfort thons, whi ch
m ght be us in. n i i . resent i ipvention. The
publ i cat 1 ond S beoRug e RRE L Al b e PE ARG b lBR S LBRRMET S e

di scl osure pri orSitngadyhehé itdrin gpaabetactd’t méxtprees entd dpplin catdewnbe Mot hi ng

herein is to b% constr eﬂala an adrp' Sj on trgaid'éhe i nvent or .€ not
entitled t o SARRES BCHRAT slhelits D870 roniisdde pise i hROZal 18R For any
particul ar agnpouochsdiusil of edicheis ethe,“paoyntgesidr @l fint nsipwed bf ¢atal3@ structure
presented al so enconpasses all co forg?ti ona is.orrersf, rgg} ostorrers, and

st er eoi sonefEROALS %V%Ff‘? SNG4 &St iRePd Of JBRe: of YRIGHE: iRUEAPs, unl ess

stat ed ot hefpyktentacRdM hadulry ,is UREE HSrefit & @idscPibhahWinsiRurd be efnreale or
specific structure al so, 10 enconpasses all. enantioners, diastereoners, and

ot her opt i cEAMAoERHPr LlefHe MEPMELS)e QERRPDHBINFR SHMPOYR, cadopGiYatols wel | as

m xtures of ¢ $h&EEOiFAFE IO &htddhd theDGrodARRANI RRArOYSr @ pkhdnl Sdmadt | san.
Applicants disclose several types of ranges in the present invention. These

5 i nclube, smpoass woh any ddiianl compopantrgeddsd toumakerupothe podpytackedr ange of
vei ght rati Qs HABYGhctiPROBIpp R dRris@ & RRRR B« SHES RBE oRI€aBor & T ange
of pore volunmes, a range of par?lcle sizes, a range of catalyst activities,
and so f orthstangethe aAddinprad gerspanicricddded toomales & e Rosteangpstedfmiziwe eappe,
Applicants', | nt - i o] | ai m.i.ngivi dual 0ssi bl e
nunber thatbigc Q%”?%%E%“%%%ﬁ@ ?ﬁ%ﬁ %%bﬁygéﬁggﬁ%ggéja#%é’ﬁﬁ?ﬁg %%d poi nts
10 of the ranlyde as ovgshdalasinamycogpburdawbiek iathd semris matdifdament dfons tis- r anges
enconpassed erein | e t | j ts dis 0r, claima
chorn cal> mov erfixdhunl L EATENG e UR ARRpLeel TNl SR8, S % Mt o
i s to discllxsénorAcioaiingly, nilisvindinabh ynayvasy opasisndblyedistingbsht betvabn such a
range coul d _enconpass, . consistent with the. disclosure herein.. Fgr exanpl e,
e “di sl osUPBRTLANG froirarye 1 T Eets’ it anEgl Forifiiy gt e,
al t er nat i vemlxangtagee@prepdréd/l group having up to 12 carbon atons, as used
herein, refers to a noiet hat can be sel ected i.ndependent | rom an al kyl
or oup havi ng. 1, Syl a Heba®, 48g "G TGt Sy SDRER b “as wel |
as angf Q@ng&sftﬂw@@&lﬁ 5@5&: 1960 imumnb_ adick fo@ﬁesfﬁﬁ@ﬂﬂh@,in\%n@n, tige @gicaﬂ kyl
group), and al so including any conbi nati on of ranges between these two
nunber s (fo‘FletQQ(g?nﬁqVéieS %\ndC?atFréﬁs_C%e Serainglevssibed cs al kyl group). _
Simlarly, another pheREESRMMAL it XRIBIRA IRkiPWR: {RbrpbRARdI Ridif Bf M/ My
for an ethylene polynmer provided in one aspect of this invention. By a
di scl osur e tefragnce Fs thapumtesoef dercridingand desclopng e cxgmnlepbe popsugtatide from
about 3 to ﬁ@tﬂH&ol%iesAﬁﬂ{ lfARLS b §NGhd guﬁli‘cﬁﬁén‘%‘, Gihah B%Mecﬁs%dbr% about 3,
about 3.1, about 3.2, about 3.3, about 3.4, 25 about 3.5, about 3.6, about
3.7, abdut @ngsctighowith 3hg preseyslt describedompyention,  Fhoumblcaponsadisertsse, 3, about
4. 4, about tﬁ h t 4 4 14 p : U[ K : f 5, about
51 apour @it S naPOt sdef naabbisgodne B of @indBBlr o
about 5.8, tboeuwmsed.agplicatiorabdathing, heAguiist fodradonytrueiies Myadansibe theit thei n any
,[ ﬁ|n gear ggml 1‘?}1\27%3(&{% gretélﬁg/ &1%93'& t06an{efd§)ure s&ﬁ%%@iogure B}r/ Qmuggpﬁﬁor:%n\;egtio%bom 5.2), and
For any particular compound disclosed herein, any general or specific

30  structure presented also encompasses all conformational isomers, regioisomers, and
stereoisomers that may arise from a particular set of substituents, unless stated

otherwise. Similarly, unless stated otherwise, the general or specific structure also



30 conbi nati on of ranges between about 3 and about 6 (for exanple, M/ Mwvis
in a range fromabout 3 to about 4 or fromabout 5 to about 6). Likew se,
al | ot herwoanges3gpscl osed herein shoul d be interpretedPCh/ts20ma/08210 si m | ar
to these two exanples. 11 Applicants reserve the right to proviso out
or exclude any individual nenbers of Qy such group, including any
sub-ranges or conbi nati ons of sub-rang s wthin the group, that can be
claimed according to a range or in any simlar nmanner, if for any reason
Appl i cants choose to claimless than the full measure of the disclosure,
for 5 exanple, to account for a reference that Applicants may be unaware
of at the t¢mmmm¢m®hélhﬁhﬁmgmafﬁmmﬂmamp$hm&uMum(mﬁuﬂﬁhnmﬂsﬁmgmﬁcmnts
reserve t heenrah I'ICo I'plré.lé)e\{l{ §?01‘ eﬁ’\)ég lITHXtuI'G@Q))f s{ere%l \éingl%a S W%ltl)ﬁtﬂ t uent S,
anal ogs, cofnpounds ? d Tuc ar es, ther or "any nenbers
of a clainedagmﬁm¢byaﬁhﬂeﬁmﬂmm reason Appllcants choose to claimless than
the full neasure, of. t he discl osur.e ccount

ref erence that ﬁ$%1w%5%9§dW§nggd'Hgﬁdﬁéa%?sgf%FHgﬁF%h@V%¥mPhehFFI|ng of

t he appl§ caintlate, but are not Tingitct &s, ﬁli&anga of ntir@ber'of atohe, d' raegcCof, woaghe rdtiot,@nded to

i ncl ude plural %#%ernatlves ., At least one, .unles othermnse

speci fied. 8% PHEPAREHOS. PHANSS; %&Pﬁ%‘iﬁraéeaé’ra wagEe SEPYTG AP MCY yRBYY of "a

met al | ocenepLAIPARRIA range HRARLyst RtiQiicH ARASSIORREWHRH AbpRdaxts ldl'is@b‘as@ér
conbi nati ons of nore than one, actlvator suppaort or_ nmetall ocene conpound,
respect i vel glalm a range QAN AYRSo APRIESRRE RENEIN P Hstls s clhia dbder Bt n terns

of CO”Dr'Syﬂgwaﬁﬁ%&MﬁmQQQDQ ?E%mﬂdnﬁ&%@@yeh&%qﬁ@ﬂﬂ&ﬁhh@Qﬁﬁp@ﬁ% met hods
can al so "consist essentially consi st of™ the various conmponent s or

steps. Hor efichapinge agwelbes @@(tsaby@tge%mmﬂbmaaﬁmdﬂrf sppreangesedEAMPaskRflent i on can

conpri se; adhtﬁ%fnnalwbe/@;!axhplé:%eﬁ%IA%h@mema@slelaf Qfim £chahibqr fakiyvel y, can
consist of (i) catalyst conmponent I, (ii) catalyst conponent I, and (iii)

an act i vat ohavinpETeqria EDWDESCRf Fﬂrb@\ﬁtélﬁs THPLICAENTICONS Théisgpwserrtlaiiinyent i on
i s directed,genardl byerd k&ﬁﬁ@hﬁ@ﬁer%ﬂ%ﬁ% LI QN8 tQBgﬁi as€cdn@fteht €paring

cat al yst conp05|t|ons or using the tat a yst ¢ np05|t|ons to
pol yneri ze whbﬂwnh&mﬂhelpnmynﬁwrm@@mhsmPMde@Edﬂu&angngmcmaéanmﬁyﬁt

conposi E% ﬁgﬁgl}ggu 51!; in% ltg at@veolg ug c %S%I%qgi‘pu%sh v g }Sr@ﬁz cgr%{)rpgtom n .One

aspect, i AVentTon ret tal nposition, ’'sa
cat al yst composd heroin, cderpré 8|nn[get32 ahaalcyrs be s«je’qminmdetpehdendatﬁa)hym alk;nlrrponent

& provi edsSHATTE LA S aepber o D b e i Bl C aE Vel b Fhis"a T 00"
cat al yst comrﬂﬁmhh@etwmhmmﬁﬂsQbe&mmmmDm@mafCaﬂﬁﬂqphm@mahhmOanhmh%f|n
combnoner ugng/ecronf%ma}{on otl rzaraféels %gt\x%grl;] dnege! tC\)Vno num%ers (for example, a C;, to C,4 and
20  Cgto Csalkyl group).
Similarly, another representative example follows for the ratio of Mz/Mw for
an ethylene polymer provided in one aspect of this invention. By a disclosure that the
Mz/Mw of an ethylene polymer can be in a range from about 3 to about 6, Applicants
intend to recite that Mz/Mw can be about 3, about 3.1, about 3.2, about 3.3, about 3.4,
25  about 3.5, about 3.6, about 3.7, about 3.8, about 3.9, about 4, about 4.1, about 4.2,
about 4.3, about 4.4, about 4.5, about 4.6, about 4.7, about 4.8, about 4.9, about 5,
about 5.1, about 5.2, about 5.3, about 5.4, about 5.5, about 5.6, about 5.7, about 5.8,
about 5.9, or about 6. Additionally, Mz/Mw can be within any range from about 3 to
about 6 (for example, from about 3 to about 5.2), and this also includes any
30 combination of ranges between about 3 and about 6 (for example, Mz/Mw is in a

range from about 3 to about 4 or from about 5 to about 6). Likewise, all other ranges

disclosed herein should be interpreted in a manner similar to these two examples.



12 produce an olefin polyner, wherein the catal yst conposition conprises
cat al yst conponent |, catal yst conponent Il, and an activator.

A ef i n howopoliwisets, copol yners, terpolyners, and the | Pk&/USec@n/obmssipr oduced
usi ng the catal yst conpositions and nethods for ol efin polynerization

di sclosed 5 herein. For instance, anlithylene pol ymer of the present

I nvention can be characterized by the follow ng polyner properties: a
non- bi nrodal nol ecul ar wei ght distribution, a ratio of MV Wnh from about 3 to
about 8, a ratio of Mz/Mv from about 3 to about 6, and a reverse conononer
di stribution. CATALYST COVPONENT | 10Catal yst conponent | can conprise at

| east one ansa- ratpdicdndcemeycthepghirid phaiso gt droxeull@anylipdividual MgnitersTi |, Zr, or

Hf ; Xi A and A_are jind |y F. ; ] P ; zyl.. .phenyl; H
aria: 15 om0 S5 MTREINE Uy Yt Bimngbeig PO b SR abin R o 16
car bon at ongpumrtha clry tle clemrddyakcoxdide tga cange ominhangrsdoidarbydnaen ifdogaryup, or a

hya0sar oY 31 50U 080 B ol . DRE RSPl Sy LRSI A L
up to 185 casdaonlc2f Rtams forarreficAcathet Applicartemapbnecivet: dfoat sheftmawfa cyclic
g{)t h:}, ;{ O;%/tglla b‘@pg ro(f-)'fﬂ% arll)la)'l\{clal‘;llgn.uBu}t}?er,lgppqlacgnl%sp ?esg'rtvg m%’ rigl\{t? (taor Srlogisgméﬁt oarnd R2A are
exclude any individual substituents, analogs, compounds, ligands, structures, or
groups thereof, or any members of a claimed group, if for any reason Applicants
choose to claim less than the full measure of the disclosure, for example, to account
10  for a reference that Applicants may be unaware of at the time of the filing of the
application.
The terms “a,” “an,” “the,” etc., are intended to include plural alternatives,
c.g., at least one, unless otherwise specified. For instance, the disclosure of “an
activator-support” or “a metallocene compound” is meant to encompass one, or
15 mixtures or combinations of more than one, activator-support or metallocene
compound, respectively.
While compositions and methods are described in terms of “comprising”
various components or steps, the compositions and methods can also “consist
essentially of” or “consist of” the various components or steps. For example, a
20  catalyst composition of the present invention can comprise; alternatively, can consist
essentially of; or alternatively, can consist of, (i) catalyst component I, (ii) catalyst
component II, and (iii) an activator.
DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed generally to catalyst compositions, methods
25  for preparing catalyst compositions, methods for using the catalyst compositions to
polymerize olefins, the polymer resins produced using such catalyst compositions,
and articles produced using these polymer resins. In one aspect, the present invention
relates to a catalyst composition, said catalyst composition comprising catalyst
component I, catalyst component II, and an activator.
30 In another aspect, an olefin polymerization process is provided and, in this
aspect, the process comprises contacting a catalyst composition with an olefin

monomer and optionally an olefin comonomer under polymerization conditions to



R6A and R7A are independently H or a hydrocarbyl group having up to 18
carbon atons; and CPA is a cycl opentadi enyl, indenyl, or fluorenyl
group, orwea 2heiBsmat onR5substituted derivative thereof, pamuSsubssisicwent on
CPA is independently H or a hydrocarbyl or hydrocarbylsilyl group having up
to 36 carbon atons. 13 Fornulg (1) above, any other structural
formul as di scl osed herein, and any ne al | ocene speci es disclosed herein are
not designed to show stereochem stry or isoneric positioning of the
different noieties (e.g., these fornmulas are not intended to display cis or
trans isoners, or Ror S diastereoisoners), although such conpounds 5are
cont enpl at egtodurd @nolfipambectrbyhtiems thef ctalyst asmaositiar canprises watelyst

Hydr ocar byl _i h in._to specjfy hydr ocar bon radi cal group that

i ncl udes, HﬁPﬁPﬁaﬁgfaﬁﬁﬁ?ggﬁg?%gﬁé?yﬁP%%ﬂagr; cycl oal kyl, al kenyl,
cycl oal kenyl , cyelkeiahdkadiogmydrs, capokymars, terpolpinky,| and alredikepray lbe pardatddynyl , and
the like, and i clug s.all substit teq (gn%ub %jtuted .I¥ne r,, and/ or
branched def T Fatcyvadi{h&PBBr g 08 meiBods: e ANTePdpagiF iy Sstige

hydr ocardyl h@gioupFoofindtdrics, nimveintlénanpblymec alf | §ie corogeni S@vetfiort @aBecar bon
atonms. In other aspects, dr.ocar byl groups can have 0 24 carbon atons,
For T st ancan s 70! et Ao R e B G19 TRAU LR S pSEl 70 car bon
atons, up t@sBbeanbmtidlo® VBy/MI fréi absut 6 tE€IROY ah@ITSE MAMWY GoRGRLRY | oXi de

group, therefore, is used generically to jinclude both al koxi de and
aryl oxi de gt BLASSUt Capyl § Ewee comongme (iR conpri se up to about 36 carbon
atons. |11 ushrailyse c@andporpnmim ti ng exanpl es of al koxi de and aryl oxi de

groups gi.e., hydr ocar byl oxi de groups) include nethoxy, ethoxy, propoxy,
but oxy, bhenoxy,Caars cpnpensst berdrroxprisatideishang ¢pe-metfiecengcepound

hydr ocar byl i 3G @ Q4@). s used generically to refer collectively to

al kyl am no, aryl am no, dial kyl am no, and di aryl am no groups. Unl ess

ot herwi se specified, the 20 hyd , \O0 groups of this invention
conprise up to about 36 carbo orar byl silyl groups include, but
are not linmted to, alkyl ®6A7] s/ allényT Ryl groups, arylsilyl
groups, arylalkylsilyl groups, and th& |ike, which have up to about 36
carbon atons. For exanple, ilvystr.'iv: hxggpvﬁrbylsilyl groups can incl ude
trimethylsilyl and phenyl octfy ;\i};g/x T hydr ocar byl oxi de,

hydr ocar byl am no, and 25 hydr arb%Lsilyl Zups can have up to 24 carbon
atons; alternatively, up toR% carb at,ons; alternatively, up to 12 carbon
atons; alternatively, up to 10 car bol ns; or alter tiyeLx, up to 8
carbon atons, in other aspects of the present inventigﬁfw e Unl ess

ot herwi se speci fNed, Tigkkyl HQr oups and al kenyl groups descri bed herein are
intended to include all,,structural isoners, |inear or branched, of a given
moi ety; 30 for:%xéﬁgpé,aﬁﬂP&@ﬁ%ﬁPﬂ%ﬁé 'E%Han&aW%&Fg@@ﬁgﬁﬁﬂéﬁéBﬂﬁe i ncl uded
wi t hi n 141 soER] bNSOIRY Khedfh R SXAR L ary R8s Bavdid gy 101 18R@aBbeGlofdsest, the term
propyl is nmeant to include npropyl and iso-propyl, while the termbutyl is
meant to i ntPUdecHda SropRy bx%%a{bﬂamm%r%m 1 @ hydrecaRilyly! oM so forth.
For i nst ancgy hidhinalihl B8 tLreaRo Stodfs; octyl i soners include 2-ethyl hexyl
and neooctyl. Suitable exanples of alkyl groups which can be enployed in
the present invéntihb&rPriSkicl ude, but are not linmited to, methyl, ethyl,
propyl, butyl, pentyh RZA}'%%(\HdepelﬂﬁQﬁMlH, a%?ﬁ%karbﬂ%p’ha@ﬁgﬁf) to BGrdne |1 ke.

Illustrative A oA ' ' '
20  atoms, or R™* and R*" are connected to a form a cyclic or heterocyclic group having

up to 18 carbon atoms, wherein R'* and R** are not aryl groups;
R® and R™ are independently H or a hydrocarbyl group having up to 18
carbon atoms; and
Cp”* is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
25  substituted derivative thereof, any substituent on Cp”* is independently H or a

hydrocarbyl or hydrocarbylsilyl group having up to 36 carbon atoms.



5 exanpl es of al kenyl groups within the scope of the present invention

i nclude, but are not limted to, ethenyl, propenyl, butenyl, pentenyl,
hexenyl , wepvamgb409oct enyl , nonenyl, decenyl, and the | iPk&/USTie/0adchkeny|
group can be a termnal al kenyl group, but this is not a requirenment. For
i nstance, specific al kenyl group subshétuents can include, but are not
limted to, 3-butenyl, 4-pentenyl xenyl, 6-heptenyl, 7- 10octenyl, 3
-net hyl - 3-butenyl, 4-nethyl-3 -p entenyl, 1, 1-dinmethyl-3 -butenyl, 1, 1-
di rethyl-4 -pentenyl, and the |iKke. In this disclosure, aryl is
meant to include aryl and aryl al kyl groups, and these include, but are not
limted to, pherfigrmulal(Kyibosebsiyi ather sttugthehyirmuhaplircloydd hatikyindsutyst i t ut ed
naphthyl phen u I t st tu nd t he

i ke. F@@taﬁ&ceﬁe ?psﬁcleg l’c'l%s%f%sc% ﬁéf(l:lh a@@BQTT Qéé L%ngd‘l ?0 Tslllqw %t%iogie@eﬂst at can be
used in them@maxammnmmmgnfmﬂmﬁﬁmﬁﬁudmﬁmh@q%hh%bﬁhmmasb&ﬂDymnm&ﬂto

di net hyl phenyl., t.ri thyI henyl h eth enyl but yl ,

ot oy 1. 2 phEset T P e i, BT Bl BtebtbonBh b uRh 3B st

substitug edarab(yﬂterﬂiﬂated yndﬁle@inllsesgeaib@ thele foe@nlas a@l/drRghdtgles.al | regi oi sonrer S;
for exanpl e, termtolyl is nmeant to jnclude any possipl e substituent
posi ti on, that ‘§“35Wfﬁ%}wﬁépgemoV’ﬁﬁ?gy‘lﬂyﬁoaggEbFﬁFﬁ BIYPofid! aspect of
this i nventinedesl Mut Gk rrwtam{ﬂte)d t@t aﬂyeaslkylor@cmlkﬁA Ay R2Acloglkanyler m nal

al kenyl group haV|ng up 12 carbon | east one substituent on

CPAis a te?ym%%fﬁdlswbeﬁ%@fn%rar%ﬂgﬂ n%rﬂéfrny(%uav?élﬁgnwg.aﬂr thegiksupnchigldsy allp to 12

carbon at onFbstdmtE C ARBbAButt® BRAELNELY/&SBRGENAT ddrRbfvek MBS ONUneat al yst
component | conprises at |east one ansa-netal |l ocene compound having fornmul a

(1A): 16  qtheryise speericdrehe Aydrpgeriyd gropps Q‘@q invention typically comprise up to

36 carbon atoms. In other aspects, hydrocarbyl groups can have up to 24 carbon
atoms, for instance, up to 18 carbon atoms, up to 12 carbon atoms, 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

15  groups can comprise up to about 36 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. Unless otherwise specified, the

20 hydrocarbylamino groups of this invention comprise up to about 36 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 36
carbon atoms. For example, illustrative hydrocarbylsilyl groups can include
trimethylsilyl and phenyloctylsilyl. These hydrocarbyloxide, hydrocarbylamino, and

25  hydrocarbylsilyl groups can have up to 24 carbon atoms; alternatively, up to 18
carbon atoms; alternatively, 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;

30  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-



Co RBA/ y ARAAN \R5A (1A, wherein: MAis Ti, Zr, or Hf; Xi A and
X2A are independently F;, C; Br; |I; nethyl; benzyl; phenyl; H BH4; OBR2 or
SABR, wheweizn1iR3B®9an al kyl or aryl group having up to P2Tame@ofm3mwi©ns; or
5a hydrocar byl oxi de group, a hydrocarbyl am no group, or a hydrocarbylsilyl
group, any of which having up to 12 Cﬁl‘ bon atons; EA and YA are

i ndependently C or Si; R A and R2A are i ndependently H, a

hydr ocar byl group having up to 12 carbon atons, or RLA and R2A are
connected to a forma cyclic or heterocyclic group having 10 up to 12
carbon atons, wherein RLA and R2A are not aryl groups; R3A, R4A, and
R5A ar e i ndepdnstertuly, dddop fartthy doomatetel ngrbmiinp avimgesug deyl 10mesr bon

at ons; . ng, R7 re jnde | or, rocar. oup havi ng
ap to 12 cal§al SeBEn R R Bl A BRNATTH sl ah ALY by

fl uorenyl gemplpyedoin the hpetsentoiatomion Sodbsdel but ed wherlinvigetli toe nicthet, eliyl, any

i onal SRSl 521 il LORRESRIL b BE B0
and R5A § s aamplckenylkergi @tops within the scope oflthe progeitin@sntioh inchrid, fut Ade, MA i S
i, zr, or rll_gt' lirllf:[]eds ?or,reet}?é% I?Cptrospeglgll,s %lu‘%ﬁgl(,j p%r?tgr%yl,e ihgx’enyll\{{A }jegter%il,t gcetgny ’I‘ or Hr.
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-
10 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.
15  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, propyl-2-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
20  is, ortho, meta, or para.
According to one aspect of this invention, in formula (I), at least one of R'*
and R* is a terminal alkenyl group having up to 12 carbon atoms, or at least one
substituent on Cp” is a terminal alkenyl or terminal alkenylsilyl group having up to 12
carbon atoms.
25 According to another aspect of this invention, catalyst component I comprises

at least one ansa-metallocene compound having formula (TA):



Xi A and X2A i ndependently can be F; C; Br; |; nethyl; benzyl; phenyl; H
BH4; OBR2 or 503R, wherein Ris an aIkyI or aryl group; or a

hydr ocar bwbaride3gpoup, a hydrocar byl am no group, or a Irgarusc@niogicse | yl
group. The hydrocarbyl oxide 16 group, the hydrocarbyl am no group, the

hydr ocar byl silyl group and R can have up to 18 carbon atons or,
alternatively, up to 12 carbon atons. X1A and X2A i ndependently can
be F, d, Br, I, benzyl, phenyl, or nethyl. For exanple, XlA and X2A

i ndependently are O, benzyl, phenyl, or nmethyl in one aspect 5 of this

i nvention. In another aspect, X A and X2A independently are benzyl, phenyl,
or nethyl. Yet, in another aspec [A=and X2A can be d;
alternatively, both Xi A and X2A X alternatlvely, both Xi A and
X2A can be phenyl; or alt ) A can net hyl.

EA in fornmulas (I) and (IE3

Si. 10 Oten, both EA and YA are C

R2A are independently H a I reeaEﬁzgv
h

or, alternatively, up to 12 carb a
forma cyclic or heterocycli up

a
alternatively, up to 12 carbon atons. aﬁg
15groups. Cyclic groups include cIo
such noi eties can include, but é\ |n1ted to, cyclopentyl
cycl opentenyl, cycl ohexyl, | cycl &g and the |ike. For instance,
bridgi ng aton1EA RA, and R2A caR rn1qQ5 Iopentyl §$$) ﬁlohexyl noi ety.
Het er oat om substituted cyclic groups can be formed w f 0gen, oxygen,
or sul fur heterddt &, Zgeriéf.al |y when EAis C. Wile 20 these het er ocyclic

groups can have up t 2 0 8 ¢ ops 0 het cyglj,c.groups can
be 3- menber ed, iynﬁﬁggg amlgiwg%ﬁgﬁ’ﬁ Cg%ﬁggﬁgi gbegW' %ﬁéﬁb%rg “groups in
sone aspect OBRS ot $ﬂ)§R whe¢eiit R @an alkyl or aryl gro@mBavagpgCh 10fcaibbe appres@nt
inventio re i ndependent|y .H nethyl, ethyl, pr |, butyl,
bontyl | hexy R abgeyr & RoRRe Y abngny oD, hut eny!
pentenyl hﬁﬂ&ﬂ%mwhmgﬂhgﬁyh)npﬁﬂ@ﬁﬁbnmnonenyl or decenyl. In another
aspect, RA and R2A are 1 ndependently H or an aIkyI or a term nal al kenyl
group having up it @8 YearbBrcrspdstgy GR35t nst ance,  RA and R2A i ndependent |y
can be H nethylgi2ghhgts ar@ﬁﬁ@%lnder@lg Ppldth}(/l:lroca{rﬂylﬁ%up%(’ﬁl@%? tABP&eton at | east
one of RA and R2A is a tgrm nal enyl “group havin 0 8 carbon atons
or, alternattPwe|oy, R uanc{ R &re semyegied to a form a cyclic or heterocychc group having

10 upto 12 carbon atoms, wherein R'* and R** are not aryl groups;

In foymalas (1) and (1A, RA and
ng up to 18 carbon atons

[)
and R2A are connected to a
%2&@‘8 carbon atons or,
, and R2A are not aryl
and cycl oal kenyl noieties and

R** R*, and R** 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 12
carbon atoms; and
15 Cp”* is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
substituted derivative thereof, any additional substituent on Cp” is independently H or
hydrocarbyl group having up to 12 carbon atoms;
wherein at least one of R'4, R**, R**, R**, and R* is an alkenyl group.
In formulas (I) and (IA), M* is Ti, Zr, or Hf. In some aspects disclosed
20  herein, M* is either Zr or Hf.
X' and X** independently can be F; Cl; Br; [; methyl; benzyl; phenyl; H;
BH4; OBR; or SO3R, wherein R is an alkyl or aryl group; or a hydrocarbyloxide
group, a hydrocarbylamino group, or a hydrocarbylsilyl group. The hydrocarbyloxide



30atons. In still another aspect, at |east one of RA and R2A is a nethyl
group; therefore, both RA and R2A can be nethyl groups in aspects of this

i nvent i orwO 20i1/133409 R6A and R7A on the fluorenyl groupCirrustanmsdeas (1)
and (1A are independently H or a hydrocarbyl group having up to 18 carbon
atons or, alternatively, having up to 12 carbon atons. Accordingly, RG6A and
R7A i ndependently can be H or a hydro& rbyl group having up to 6 carbon
atons, such as, for exanple, nmethyl, ethyl, propyl, butyl, 5 pentyl, or
hexyl, and the like. In sone aspects, R6A and R7A are independently nethyl,
ethyl, propyl, n-butyl, t-butyl, or hexyl, while in other aspects, R6A and
R7A ar e i ndgpemdeniyldyocktbglamincogrow, theFgdrogxdpipild  grdvptand Redandwde W/®& can be H
or, alternatdyv , t nd R -butyl. In fornula (1A, R3A
R4A, and RSIAII (e"aar%e&ﬁiaﬁo espogh%gﬁaﬁg/eqx—’luéfb ?II‘)III)%&II:OaeryI 10 group having up to 10
carbon atons. Wx''endiy" odepeodenRSAan BRAR, ClaBud I REAzyl il durabdtlyyl.nByr have up

to 10 carbon at iathe faatal n er carhon atons inh R3A, R4A  R5A, and
VA typi cal ) meR g it naRlRER brs G SRR ey e it or” equal
to 18; o abftikis Nakhtudl Vi alodiss agpeanX OY and qifalindegenlehtlylanc uneylagieed! oof this
invention, YA is either or Si, and;R3A _RAA, and RS5A are indepgndently
sol ect ed T rBANKE T ByroTrhgre tobgyI i Y2 BESLE BRREgI T HERVR. hept yi
octyl, nonyind d8tydan & eiyl;, alie@Eeay! bolutéhydnd RENt@NWe, ph@xENy |

hept enyl , octen¥l, nonenyl , .or, decenyl . I n another aspect, R3A and R4A are
i ndependent ${Frmatiyely.hothhy| ,anféP*Fd o8 Angt _l-a term nal al kenyl group having up to
8 carbon atons o jn d#HRIRA) M) aR@VF MY fRuk PO £AMBGRN&NAYE: orlsh for mul as
(I') and (1A, CPA isg a cyclopentadienyl, indenyl, or fluorenyl 20 group,

or a_ het®r oQttePeilidistand 0t & @eri vati ve thereof Possible substituents on CPA
may include H tlhenehfder) Bid 1A)VRM L RNR ORI RESPRL Hak IydRed byt ed
ligands such as tetrahydroindenyl, tetrahydrofluorenyl, octahydrgfluorenyl,
partial |y saowr havérs imidelydarbopatanisadr| sltesativelntupdof R garbenyiomsapdR t'he | i ke.
CPA can be B ktut i . i an

i ndenyl , orﬁlghﬁ 3%%2’%@@3 I’?%ILJ I;;cIrIlIi aﬁc@glﬁcﬁﬁ%eggb C?ﬁécfgéﬁ%bgs? ?Bg%%%ggﬁ&%‘%%” se one
or nore het#@pwavordernsguety, ap tnil2 cogenatogi] itperyerbBromd Rjeramandtuaryl or
phosphorous, in c . i Wt n,at for he r ctive cyclic
o ety 15 ool RETRICRABE M ERIAR R B iR b SAEEY ey
group, an imdetigsl cagrimiyale, but aae hotuomiedytb, grepmtylOEyabapent@BA ¢yslohexyl,

I di I 3 bst i A f I I
hdepondent 15 LRIE R B TKC NG B4 by T CSHEAPAY bod by PGty FuFBlA having up

to 36 car bogycapeontsl, of ofcl@xagipmeictyup HeGeradort-auitdeitutedt Qe gddupsrah el8 car bon

N rafiyv r rbyl an : .
at oms ufsotrmg'cI w1t§n1I:[I ogen?%gyggx, orasul ur heteroatoms, generally when E* is C. While

20  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.

In one aspect of the present invention, R'* and R** are independently H,
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl,

25  propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, or decenyl. In
another aspect, R'* and R** are independently H or an alkyl or a terminal alkenyl
group having up to 8 carbon atoms. For instance, R'* and R** independently can be
H, methyl, ethyl, propyl, or butyl. In yet another aspect, at least one of R'* and R** is
a terminal alkenyl group having up to 8 carbon atoms or, alternatively, up to 6 carbon

30 atoms. In still another aspect, at least one of R'* and R* is a methyl group; therefore,

both R' and R** can be methyl groups in aspects of this invention.



18 hydrocarbylsilyl groups provided above can be substituents on CPA, such
as, for exanple, alkenyl (ethenyl, propenyl, butenyl, pentenyl, hexenyl,
and t he IwkeptioB3@bkenyl silyl groups. As to fornula (1 ApCTAsgoiamaicté ona
substituents on CPA i ndependently can be H or a hydrocarbyl group having up
to 12 carbon atonms. 5In formula (1A, 9t | east one of R1A, R2A, R3A, FR4A,
and R5A is an al kenyl group, for exanﬂ e, ethenyl, propenyl, butenyl,

pent enyl, hexenyl, heptenyl, octenyl, nonenyl, or decenyl, and the like. In
sone aspects, at |east one of RIA, RQA R3A, R4A, and R5A can be a term na
al kenyl group haV|ng up to 10 carbon atons; alternatively, up to 8 carbon
atoms; al t er nat iR/8layq R{ijport the ﬂu@amyb@muatlmfmmum (Iézaltda(ﬂamrﬁmeyqnduplyt 05

10car bon at ﬁ{gg%[h%drf)carbyl}%pouk hav1¥1% aﬁgt el;%%mogsatoﬁs o?rﬁgrn ?P/é Ihgxﬁﬁé] i O MPOU nds

that are sul onent hPe not
limted to, 12 d‘aebdncnltdlmmK@Drduigﬁf R?band R'? Sldl:ioerld&tlya:rad bb Heorlalﬁydl;ocﬁbylany
conbi nation _there nts, have useg)the bbr V|at| for methyl

A T QUi 8 SR LTSt g S S TRCTIAL B A

5 pentyl, or hexyl, and the like. In some aspects, R** and R™* are independently methyl,
ethyl, propyl, n-butyl, t-butyl, or hexyl, while in other aspects, R®* and R™ are
independently H or t-butyl. For example, both R and R™ can be H or, alternatively,
both R** and R™ can be t-butyl.

In formula (IA), R*, R* and R** are independently H or a hydrocarbyl
10 group having up to 10 carbon atoms. While any one of R**, R**, and R* individually
may have up to 10 carbon atoms, the total number of carbon atoms in R R* R,
and Y typically is less than or equal to 24; alternatively, less than or equal to 18; or
alternatively, less than or equal to 12. In one aspect of this invention, Y* is either C
or Si, and R*, R**, and R** are independently selected from H, methyl, ethyl, propyl,
15  butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl,
hexenyl, heptenyl, octenyl, nonenyl, or decenyl. In another aspect, R** and R** are
independently H or methyl, and R* is a terminal alkenyl group having up to 8 carbon
atoms or, alternatively, having up to 6 carbon atoms.
In formulas (I) and (IA), Cp® is a cyclopentadienyl, indenyl, or fluorenyl
20  group, or a heteroatom-substituted derivative thereof. Possible substituents on Cp®
may include H, therefore this invention comprises partially saturated ligands such as
tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, partially saturated
indenyl, partially saturated fluorenyl, and the like. Cp® can be a heteroatom-
substituted version of a cyclopentadienyl, an indenyl, or a fluorenyl group; in such
25  instances, CpA can comprise one or more heteroatoms, such as nitrogen, silicon,
boron, germanium, or phosphorous, in combination with carbon atoms to form the
respective cyclic moiety.
In aspects of this invention, Cp”* is a cyclopentadienyl group, an indenyl
group, or a fluorenyl group. Often, Cp” is a cyclopentadienyl group.
30 Any substituents on Cp® in formula (I) independently can be H or a
hydrocarbyl or hydrocarbylsilyl group having up to 36 carbon atoms, for example, up

to 24 carbon atoms, or up to 18 carbon atoms. Illustrative hydrocarbyl and



be enpl oyed in catal yst conmponent |, as long as the conpound fits within
formula (1) 5and/or (1 A). Therefore, the scope of the present invention is
not |im two 20o/BB9bri dged netal | ocene speci es provi dedPabaseo11/032610 Ot her
representative ansa-netal |l ocene conpounds which may be enpl oyed in catal yst
conponent | in sone aspects of this iqgenti on are disclosed in U S. Patent
Nos. 6,524,987, 7,119,153, 7,226,886, and 7,312,283, the disclosures of
whi ch are 10i ncorporated herein by reference in their entirety. CATALYST
COMPONENT 1 | Cat al yst conponent |1 can conprise at |east one
ansa- net al | ocene conpound having fornula (11): MB i sATi , Zr, or Hf;
X1B and X2Bhalreaibyidplegrdepst prpvided @qveBran be; subgtithgrits obéipzy bychphveriyrl ; H, BH4;
OBR2 or 503 ergj j n_al r.ary u Vi .0.18 carbon
atons. or aoeleByrishnd " pRbd QorflisaBhey Reli, Wy ot Ry b,
hydr ocar by| slkdnylsilgr @rpps. 20Aarty fofmuthi @A), hai ndditigmat culiditcarsbom Gt*oms; EB is
Cor Si; 21 Ri o] are | ndependent | of a hydrocarbyl group
havi ng. up ¢ BORSA S DR o Ty R PRk ra” 5ot a ReB T an
aryl group havi ng fupmilo (IA3, skonnabO®s), R*, R* R*, and R’ is an alkenyl

group, for example, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,

nonenyl, or decenyl, and the like. In some aspects, at least one of R™ R* R* R*™,

and R> can be a terminal alkenyl group having up to 10 carbon atoms; alternatively,

up to 8 carbon atoms; alternatively, up to 6 carbon atoms; or alternatively, up to 5

10 carbon atoms.
Non-limiting examples of ansa-metallocene compounds that are suitable for

use in catalyst component I include, but are not limited to, the following:
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R6B and R713 are independently H or a hydrocarbyl group having up to 18 5
carbon atons; and CpB is a cycl opentadi enyl, indenyl, or fluorenyl
group, orwea heiBsmat onsubstituted derivative thereof, amgTAIsk@ilios26ent on
CpB i s independently H or a hydrocarbyl or hydrocarbylsilyl group having up
to 36 carbon atons. As noted above, f 5nu|a (1), any other structural
formul as discl osed herein, 10 and an3 net al | ocene speci es di scl osed herein
are not designed to show stereochem stry or isoneric positioning of the
different noieties (e.g., these fornmulas are not intended to display cis or
trans isoners, or Ror S diastereoisoners), although such conmpounds are
contenpl at ed ang d/ or structures.

15Accor di ng,_ pg,this invent , ormula (I11), at |east one
of Ri B and : al kenyl ar Qup hai ng up to 12 carbon atons, or
at | east one s Clon CpB is ternminatl{al ker§l or termnal

al kenylsilyl g p hgvingl up to 12 carb at . Cl According to
anot her aspect of @4 invention, catalyst onent |1 conprises 20 at
| east one ansa-netallsceqe conmpound having for (11B): MBis Ti, Zr,

or Hf; 22 » Br;.1; nmethyl;
benzyl ; phenyl; H BH4; OBR2 or S8R, wherein R is an alkyl or aryl group
having up to 12 . ' de group, a

hydr ocar byl ggj
to 12 carbon atg
R2B are i ndepe
atonms, wherein'a
car bon at ons;

5:>BEB and YB are i ndepe é»‘fy Cor Si; R B and
(| yzit@r a hydrocar byl k@i ng up to 12 carbon
| 2&st Gne of RIB and i




R6B and R713 are independently H or a hydrocarbyl group having up to 12
carbon atons; and CpB is a cycl opentadi enyl, indenyl, or fluorenyl
group, orweanatBsmat onsubstituted derivative thereof, amgTadéiiosasad
substituent on CpB is independently H or 15 hydrocarbyl group having up to
12 carbon atons; wherein at |east one f RI B, R2B, R3B, R4B, and R5B is an

al kenyl group. InformJIas(II)zand(IIB), MBis Ti, Zr, or H. In
sonme aspects disclosed herein, MBis either Zr or H. X1B and X2B
i ndependently can be F;, d; Br; I; nmethyl; benzyl; phenyl; H 20 BH4; OBR2

or 503R, wherein Ris an alkyl or aryl group; or a hydrocarbyl oxi de group,
a hydrocar byl amyc Py or a hydrocar byl si . The hydrocar byl oxi de

group, the roup, the v roup and R can
have up to Eé” 8@\? al t er nat P‘églu 0 12tggr bon atons. X1B
[)E

and X2B i ndepefidey Iyzp«a(al be F, d, Br, I, Zy| ,zggﬁényl or methyl. For
25 exanpl e, X1B—aho B> Cndependently are A/, berzylCl phenyl or nmethyl in
one aspect of this entl on I n anot her aspect{(DX1B and X2B i ndependent |y
are benzyl, phenyl, . Yet, in another aspeg both X1B and X2B can
be O ; alternatively, /%\ot 1B and . X2B can be ben ternatively, both
X1B and X2B can be phenyl; or al ternativel y, both X1B and X2B can net hyl .
30EB i n forandl ths like,l 9r zmrycbo(ﬂbhrﬁ)mmmtre\ﬂB iApplicammuheave (dsech)heeubbreivmdemendent ly C
or Si. Ote

2 & and o M 30 ReERRHaRER, B frpuga Dies igacd gRaUS s PRa il ¢8"s e ar bon

atons or, abd @ﬁmaﬁekimebaxalysﬂpomponlaat I(;asr]b@@asﬁth@ﬁ@npddﬁ&l\ﬂ\‘/samthnaforineﬁs{l) one of

R B d , d th h t. 8 b
at ome norﬁz i A ThrrgRr PRse S b S i SR ot R oty St b o

5 exanpl es @btaBotich@dpeics @byilicd Ml €ti es for R B and/or R2B include phenyl,
tolyl, benzyl, dinethylphenyl, trlneth yl phenyl , phenyl et hyl , phenyl propyl,
phenyl butyl, pr dPYaroRressR@HIA @isgpreta laﬁ’aletca@pwnﬂ%whwh may beepplged Wspect  of
the present cdtd]}yse%ﬂnﬁcﬁhentalt inl RARtaspRe &f th@lﬁfeﬁﬂéin R Blidchsa@nindU). PekeRUP havi ng
up to 10 carbon atons._ For |nstance the ar group can be a phenyl 10

group. In aMet Ker488pebi 19, R3B7220.830. ap¢ (7. 3@?%% th%wlisﬁl@smﬁ ¢fovlsick aichon at ons,

and R2Bj4 s ﬁ@orﬁ&%ﬁéhh%m%yr%{ghgght&llﬂ%{}%k group having up to 8 carbon
atonms. In yet another aspect, RBis phenyl and R2B i s ethenyl, propenyl,

but enyl , peﬁA@ﬁ#WST&OMBQéTﬁNT Ilin still another aspect, RiB and R2B are
phenyl. R6B and R{R QQhAGhehd ¥ R4EMDMpHE QRast Bnd S5t @Siobdde)coiPGudd | B) are

having formula (II):
R6B C 0 R7B
1B
R1 B\EB <X
N
15 (IT), wherein:

M® is Ti, Zr, or Hf;
B and X*® are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHy;
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,
20  any of which having up to 18 carbon atoms;

E®is C or Si;



15 i ndependently H or a hydrocarbyl group having up to 18 carbon atons or,
alternatively, having up to 12 carbon atons. Accordingly, R6B and R713

i ndependewol2g1i¢izsdobe H or a hydrocar byl group havi ng upPCo/US2@1a/0bzsmo at ons,
such as, for exanple, nmethyl, ethyl, propyl, butyl, pentyl, or hexyl, and
the like. In sone aspects, R6B and R\?\/rj%f are independently nethyl, ethyl,
propyl, n-butyl, t-butyl, or hexyl, ile in other 20aspects, R 6B and R713
are independently Hor t-butyl. For exanple, both R6B and R713 can be H or,
alternatively, both R6B and R713 can be t-butyl. In formula (I1B),
R3B, R4B, and R5B are independently H or a hydrocarbyl group having up to
10 carbon at oms.R'Winll *Anye odepenfienR3B] oR4B)y darvdrbRb Broup diavinglwal thyl8may have
up to 10 ca he_total n @r a€ar bo t i 4u, RSu,
25 and YB t%/agl?oc%aal%%@g}swshe%ete}ls%t 1? %gﬂneoéjfrﬁe)lqtfgﬁkt 0%232'; a@%ﬁrgﬁgﬁvﬂl\gﬁﬁ ,b 1:gess t han
or equal tocatl@®n aomsal ternatively, |ess than or equal to 12. In one aspect

of this inventiagns YBJ:s either r .Si nd R3 R4B, .and R5 e

i ndependent | y sceﬁkecalllgdif Aom ,peﬁg?rﬁ?ﬂk,?Ogtaﬁw%,rocﬁrggbﬁo}lp BaYe ,upr?%ﬂltgyl . hexyl,
heptyl, ®ctdbonraunyd; anddecyl , et henyl, propenyl, butenyl, pentenyl, hexenyl,
hept enyl , octenyl ,; nonenyl, or.decenyl. In another aspect, R3B and R4B are
30 i ndependent | y-TH Br? /¥ lﬂmnfadﬁﬂﬁ’ nyls of fReRylngouR| eI havi ng up
to 8 carbonsdtnld Qerivatlvt ehadbe, vl YsubfiRwnPBnUQp't & Endepédaemiyatiogpa 24

In formulas, (I1) and (I1B) QEB is a chlogentadi enyl, indenyl, or

fluorenyl ghphipsarby}orhydrcaPysiidd srunbaying wr WP ogabPyaMse t her eof Possi bl e
substituents on APRwEBboVOGHAERa HI), bRe bREORIctR For YR MidcRRCRINA Ses
partially saturated [igands such as tetrahydroi ndenyl, tetrahydrofluorenyl,
oct ahydi%fl‘ﬂ@r Ry mefpdlpeang| pRecisat disdesd hereinndshynot davigned| g, Siavvur at ed
fluorenyl, audodhBSist bfisomPR: SRR AL EFGBIMBURS (L § Uthed f¥ghgion of a
cycl opentadi enyl, an”indenyl, or a f%l uorenyl group; in such instances, CpB
can conpri s&copleingpdadgp dishlay e oatiemsisonsds or Rsorrh dipssayemsomsry)j adbpughbor on,

ger mani um P ous, .4 i i i C t m t he
respective %lélél%gﬁ)%%t%ﬁ ?Ldblfkgﬁ)ggg%eggi eg?O%angs%di vg%?? %%8%%%

cycl opent aditemtakesgr oup, an i ndenyl group, or a fluorenyl group. Oten, CpB
is a cycldopentad] enyl group. Al Sti i mmula (11)
indepenggently caAnC%BPeal 8r0Hgaw§%fr0£élg? %Fét%g’ ﬁy%ﬁﬁ@%mwsﬁgfhg%)éﬁp havi ng up
to 36 car bomdaRGnis a thorinaéepylegrouphdving?dp eaibombat s, @ratUgst ancl8 car bon

Above can bR Pt Gnr oA et mit HEESAK] Bou TR B honyt

propenyl, bettemykompent enyl, hexenyl, and the |ike) or al kenylsilyl groups.
As to formula (1)B),.any additional. substituents on B i ndependent|y can
be H or hydr ocar‘%‘ﬁ?Prd@j’rgc}éﬁn g@ia%"iﬁft@%mﬁ“@&r% Sht Pef}tﬁld“f%lipr‘?ﬁ?sa (11B),
at | easto Onﬁl&tfstdi'eanscﬁ%aalld%%ﬁ’acobeBuncﬁlMiﬂgEfBrrﬂLﬁa%IB)m kenyl 20 group, for
exanpl e, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,
nonenyl, or decenyl, and the like. In sone aspects, at |east one of RIB,
R2B, R3B, R4B, and R5B can be a 1 kenyl group having up to 10
carbon atons; alternatively, up § alternatively, up to 6

carbon atons; or alternat h\@g
1B
R1B\EB B—X
M
RZB/ \/Cé \XZB

(IIB), wherein:
M?® is Ti, Zr, or Hf;



25Non-limting exanpl es of ansa-netall ocene conpounds that are suitable for
use in catalyst conmponent Il include, but are not limted to, the

f ol | ow ngwo 201121334026 and the like, or any conbi nati onPCnarseaf/o3gpé i cant s
have used the abbreviations "Ph" 5 for phenyl and "t-Bu" for tert-butyl.

O her bridged netal |l ocene conpounds 022 be enpl oyed in catal yst conponent
I1, as long as the conpound fits withirh fornmula (11) and/or (11B)

Therefore, the scope of the present invention is not limted to the bridged
net al | ocene speci es provided above. O her representative ansa-netall ocene
conpounds whi ch may be enployed in 10 catal yst conponent Il in sone aspects
of this inventioh anéXdl sclindechdentyUF SC1; Bat e ntethibenzy ;3960 888; BH,;312, 283,

7,510 200, B8N T SR Sl 08 SR Bl el 00 RS, Pl
enconpassesa Wpdrbcuisyleadeatrysp, hyjpesitlyiaoriso gonp.aémi hgdrdGrigsilgt tiovugt or, whi ch
can be an activator-support. J|n.one aspect, the activator-support conprises
a chenicalIng¥§éfééa§§$P%&b§%§gpnﬂFPgrnativer, the activator-support can
conpri ses a cl ay Bfidendlare @ad@ichdeatled lsgy, an exfoliated clay, an exfoliated
clay gelled R'" and R™ are independently H or a hydrocarbyl group having up to 12
carbon atoms, wherein at least one of R'® and R*® is an aryl group having up to 12
carbon atoms;
R*® R*®, and R*® are independently H or a hydrocarbyl group having up to 10
10  carbon atoms;
R® and R™ are independently H or a hydrocarbyl group having up to 12
carbon atoms; and
Cp® is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
substituted derivative thereof, any additional substituent on Cp® is independently H or
15  hydrocarbyl group having up to 12 carbon atoms;
wherein at least one of R'®, R*®, R*®, R*®, and R°® is an alkenyl group.
In formulas (IT) and (IIB), M® is Ti, Zr, or Hf. In some aspects disclosed
herein, M® is either Zr or Hf.
X'® and X*® independently can be F; Cl; Br; I; methyl; benzyl; phenyl; H;
20  BH4; OBR; or SOsR, wherein R is an alkyl or aryl group; or a hydrocarbyloxide
group, a hydrocarbylamino group, or a hydrocarbylsilyl group. The hydrocarbyloxide
group, the hydrocarbylamino group, the hydrocarbylsilyl group and R can have up to
18 carbon atoms or, alternatively, up to 12 carbon atoms.
X' and X*® independently can be F, Cl, Br, I, benzyl, phenyl, or methyl. For
25  example, X'® and X*® independently are Cl, benzyl, phenyl, or methyl in one aspect
of this invention. In another aspect, X'® and X*® independently are benzyl, phenyl, or
methyl. Yet, in another aspect, both X' and X*® can be Cl; alternatively, both X8
and X*® can be benzyl; alternatively, both X'® and X*® can be phenyl; or alternatively,
both X' and X*® can methyl.
30 E® in formulas (IT) and (IIB) and Y® in formula (IIB) are independently C or
Si. Often, both E® and Y® are C.



27 into another oxide matrix, a layered silicate mneral, a non-|ayered
silicate mneral, a |layered alumnosilicate mneral, a non-I|ayered

al um nosiwpeatig3sdoner al , or any conbi nati on thereof Genecalusg(11/032610

chem cally-treated solid oxides exhibit enhanced acidity as 5 conpared to
t he correspondi ng untreated solid oxi gg conmpound. The chemi cally-treated
solid oxide also functions as a catal yst activator as conpared to the
correspondi ng untreated solid oxide. While the chemcally-treated solid

oxi de activates the netallocene in the absence of co-catalysts, it is not
necessary to elimnate co-catalysts fromthe catal yst conposition. The
activation functlhdormoflast(hl and OB tR Y and RS epodepeidenty Hderitydionarbyle enhanced
activity of Y 0 ! a .a8. Co red. t.,o a al yst
conposi ti ongrgl%t% gl%ﬁé r}% &E? (f%llrb(rggsa%%nﬁsdio}gi\gﬁ%ﬁ{a}weeg ’eﬂ%llﬁdc aot>)<0|ndaetsl% wever, it
i s bel i evedHbwater, tahkeast heard TR’ layd Rfbiate drys etoup, a0 itderrdanodpuac hineipas an
activator, gven ibn t he absatnce.of an orlgangal u[n‘i num ct(r)arg%ounq. a,[gnun‘i noxanes,
organoboronoo Gt 63% SBO %At e?&%e@ﬁﬁlaé? SH %?‘l&nlf‘o ks ﬁf}%}'}ﬁé, £15and t he
li ke. 5  exabpks ohaiiiablalhiyttmeaie dosRPiadd/oxR Fandade hongs ioBg tenso) i d oxi de
treated with a ectron-w t hdrawi_.ng ani on ile not intendin o be bound
by the fol I@Weﬁ’éjﬁ’i‘?l}i’ﬁ’etﬁgﬁﬁyiﬁh‘?nﬁ ’sphﬁngthWeBh?W OHytl’ég‘F%ﬂ‘{tylof’mp 5“sol i d
oxide with @{énﬁkﬂi?]t’ mQNhwikdddr awi ng conponent augnents or enhances the
acidity of the oxide. Thus, either the activator- _ 20 support exhibits

Lewi s or Bronst &8 %48 pihestyoftthepreseat inyption) styleagh angt &Rt padh & his aeifrls or
Bronsted achdyshivenothifo thsoabheatreding@hded @ kol cah MR a phenyl
activator-support has a greaq]ﬁr nunber of acid sites than the yptreated

sol i d ok} degrowr anptherayeechBt his@n ety! gigambhaine yihe Sxerben etpmssandiie is

chem cal | y-4y alied ARenMa 183 Erodf b fdn®Xh 48 srBivehi A, | & Y a6QARAT I g t he
pol ymerization activities of fhe treated and untreated oxides under acid
25cat al yzedaspechdt i anghenyl, and R™ @hethenyh|prgpenylebuteny], ponteaylLoxihdeenybf Int hi s

i nvention B Bf i norganic solid oxide that exhibits
Lew s aci d?{:tgloa&lggrg%gg%g a%lud]%(zc ateg[%%@lnbr and has a relatively high
porosity. The sAY damikiRdé dns tchdhiorayll graupeat dornwilash(I&n and (IIB) are

el ectron: wi £ hdr aw o] nen ical an _el ect ron-wt hdr aw anion, to
Form an S0aLtitsafesn? o o MlocatotR! SR il S 56 B ML 1820 Coent
i nvention, 4lienasiodly,chaoixg dp tabRchrban goermap akeotdiverlyc REMadar P yndepe@dtely sol i d

OrL 92 125 SRR YOh AT SETLn A RO S5 ARSSUANRS. o e
greater t hametabiouthylDppglc batyl, el di RgyL, and e 1&BO TN &ImESpes, Rt aiidhe present
rvent] on, Lhe SeLLd 000 1) SROTS, VoL Shcaler, LiER,sbaut, 1.0 celo

about 20 aspects, R® and R’® are independently H or t-butyl. For example, both R®® and R"®

can be H or, alternatively, both R® and R™ can be t-butyl.

In formula (IIB), R*®, R*®, and R® are independently H or a hydrocarbyl

group having up to 10 carbon atoms. While any one of R*® R*® and R*® individually

may have up to 10 carbon atoms, the total number of carbon atoms in R, R* RB,

25  and Y® typically is less than or equal to 24; alternatively, less than or equal to 18; or

alternatively, less than or equal to 12. In one aspect of this invention, Y® is either C

or Si, and R*™®, R*®, and R are independently selected from H, methyl, ethyl, propyl,

butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl,

hexenyl, heptenyl, octenyl, nonenyl, or decenyl. In another aspect, R*® and R*® are

30  independently H or methyl, and R°® is a terminal alkenyl group having up to 8 carbon

atoms or, alternatively, having up to 6 carbon atoms.



5 1000 nR2/g. In yet another aspect, the solid oxide has a surface area of

from about 200 to about 800 n2/g. In still another aspect of the present
i nvent i orwotzhe/seiopd oxi de has a surface area of from alpeutus2@0/081@bout
600 nR/g. The chem cally-treated solid oxide can conprise a solid

i norgani ¢ oxi de conprising oxygen andz%ne or nore elenments selected from
Goup 2, 3, 4, 5 6, 7, 8 10 9, 10, “11, 12, 13, 14, or 15 of the periodic
tabl e, or conprising oxygen and one or nore elenments selected fromthe

| ant hani de or actinide elenments (See: Hawl ey's Condensed Chem cal
Dictionary, llth Ed., John Wley & Sons, 1995; Cotton, F.A., WIkinson, G,

Murill o; , TarfdmBdahiFBrmd (NMB), @pfvarvcesctldpnmﬁcgawil cinGehrios fhugrengt h Ed.
W I ey- Inter |e I ®0 rlse
RN Tt N N O T

Cr , Cu, Fe, m@a;nc]uae Hyitherdfore tiNg ;nvShI;onSIompBSﬁs partiallil katurdied ligand\sudh asY, Zn, and
np onpoun t hat can
be used to Fi Rt Rem TRl TPt kg EBRy ErEL T sl BuP, o "ot
limted 3o, in&d303parB2Y3satBedd fBioR@Pl, #dhe T304 CpTread be Ql@erdﬁ&iﬁl& Ga203,
La203, Wh203, ©MbdO Ni O .20 P205, 5b205, .5j , 5n02, Sr0, Th0Q2, Ti 02, V205,
V03, Y203, Hreytutsd gersion of agyglopgngadionyh ap i eﬁé ORRY QU i P¥YF . and

combi nat i onmsthitRt,e0f” b c&mmplcme drhBors Aetedoa@rhyd8uaals GIRI¥REM, Sdicshl | ca,
alunina, silica-alumna, silica-coated alum na, alum num phosphat e,

al uni nophospiat e OB ANGERBAESE dp omPingtien with £aber, gfogs tﬁ&@%%éhea bori a,
zi nc oxi de, i@t Qliddasictyher eof , or any conbination thereof 25 The soI id
oxi de of this invention enconpasses oxide materials such as alum na, "m xed
oxi de" Ebnpounddntdiegceop! thifc Hvaiogj (pcds &l eyslongntadieiey! gemvpi axtindsAY and

m xt ures th@bgpfor g’ﬁgorgﬁ}n%pgugxbg@n CYROUALR peHENeRT Plp.I Ca-al um na can be
single or nultiple chem €al phases wnth nore than one netal conbined with
oxygen to form a\rokibgtiogiteenc Opourfdrmix b igdepofidenily edn dxi Hesr vhat can be
used in th Iz ; fi b e t but are
not lim teghydg&aﬁﬁ %IC?J# g@ﬁ g}ouﬁlhggﬁ gi ?Eﬁton?bg&trbdnm:{(g% ;Q?? é%nﬁﬁ Lh(gzeol ites,
various cl atp M rvex’oahsatorazt ueri np-toi taeken aitams. ndiwitretonihadrogitnd - @iduni nat e,
and the lik Th [ [ ven N al s ) 0 ses oxi de
materials ohhAB R Bo BBt EAR G GOy oY BRECIRRIER:

Appl i cat i onexaople] 2163, @thénylt p@pehy:hclbu:bmyt epenfenymm@ten'y]s ahalor ple)adred herein

by reference in its entire The on-w t.hdraw n one pused to
treat the S%ﬁ ny s g2 URU N ’%% t%nfgrmlg gg%oﬁ@'ntadgl N Sﬁgsrt@éél Lewi s or
Bronst ed aCindd:Iieyddhﬂyt:ilﬂaeSH)bt Ity deocad®] gHp@nhdvirgaipnen c{iee aanpar ed to the

solid oxide that i eat d W t sl swPNesel ec fchzan WI hdr.awi ng
ani on). Accordi g PW‘@%@%%&& Gstopn et‘?’fgIi ﬁﬁ vett taﬂé‘kenyl

el ectropy W g6, aud mmgen&ﬁa@mtpm@nﬂnbﬁbmtﬂeﬁnnw ﬁé&@ﬁyﬂ%d@ﬂ:nﬁlﬂ b&&lﬂier ived
froma salt, an acid, or other conpound, such as a volatile qfQgapic

conpound, t PRBEN efnslegenyls and @S&F‘%elnoﬁomef@’eﬁﬁse%&?a%‘d%nepég t Rat Rani®on. Exanpl es
of el ectrongjyitRdsawd Q&nﬂfﬁhpﬂ& gﬂgﬂohisiﬁavn@ﬂ @19 3dbn hioMst & rdaBveipul fate,

bi sul fate, fluoride, chlorid rom de, iodide, fluorosulfate,

f1 uor obor at & (pheypempiems] ¢ltf6nam%b§wht§t(ecarbqq HPUSr S 2HSMAEEY. UPit9 Pat e,

fl uorozircopgifatdrhyorotitanate, and the like, including mxtures and

conbi nations thereof |In addition, other ionic or non-ionic conpounds that
serve asd sourceﬁ\lqﬂolﬁmttlhe%afmleﬁc@frwa -metaloggng fegmaowndg thatjaensitable dorcan be
enpl oyed i nuteEr?C%R%{l dngl\{tqf]ﬁl'c@[}e bl ark ﬁotqgrmeﬁ'ir(pk tf@? Jipgt the .

el ectron-with g ani on can or can conprise Tlo ide, chloride,
brom de, phosphate p ate, bisulfate, or and the |ike, or any
combi nati on, fheky sqQe aspects of ;e s %.gl,n other aspects,
the el ectroh: wllg g ahion can conpri sePsuI pat e, bisulfate, fluoride,
chl oride, brom cﬂe(; | oplid®, 20 fluorosul fate A uaroBbr at e, phosphat e,

fl uor ophosphat e, lﬁ)@loacet ate, triflate, I O\Cfconat e,
fluorotitanate, e | i ke, or any conbina her eof Thus, for
exanpl e, the actlv r-support (e.g., chemically-treated solid oxi de) used

in the catal yst conpositions of the present invention can be, or can
conprise, fluorided alum na, chlorided alum na, brom ded alum na, sulfated
al um na, fluorided



25 silica-alumna, chlorided silica-alumna, brom ded silica-alum na,
sulfated silica-alumna, fluorided silica-zirconia, chlorided
silica-ziwoanit334wom ded silica-zirconia, sulfated siliPCTABR01COBI680
fluorided silica-titania, fluorided silica-coated alum na, sulfated
silica-coated al um na, phosphated silbga-coated alum na, and the like, or
conbi nations thereof In sone aspects, “the activator-support conprises
fluorided 30 alum na; alternatively, conprises chlorided alum na;
alternatively, conprises sulfated alum na; alternatively, conprises
fluorided silica-alumna; alternatively, conprises sulfated silica-alum na;
alternatively, i fluorided silica-ziTceni &, 80 alternatively,

conpri ses chlor a-zirconia; or gl 7 ~gpnPrises fluorided
si | i ca- coat eBua N8 t-Bu When t he electﬁﬁn-»' hdr aw ng conponent

conpri ses a salphgf”ay ehbectron-w thdraw ng axilonzrrfe counterion or cation
of that salt canrﬁ 8ted fromany 5 cak’ on atCallows the salt to
revert or deconpos ck’to the acid during cal ing. Factors that dictate
the suitability of particular salt to serve a source for the

el ectron-w t hdraw ng ani include, but are not limt 0, the solubility
of the salt in the desired solvent, the |ack of adverse reactivity of the
cation, ion-pairiRg effects between the cati ang i on, hygroscopic
properties inp he salt by the HA-6¢ e gpe |ike, and

t her mal stabBM|F~ hé ahBon. Exanpl es of ﬁuir.ole cations in the salt of
t he electron-vaHq% 'Egmanion i ncl ude, but Ik ot mi ted to, ammoni um
trial kyl anmonipym ' IIkyI anmoni um t et Thal Ry \Bﬁbsphoniunl H+,
[H(CEt2) 2]+, and t . Further, conbinaIiC)éitf one or nore different
el ectron-w t hdraw nions, 15 in varying proponN_iqns, can be used to
tailor the specific acrd of the.activator-support 0 Y\he desired |evel.
Conbi nati ons of el ectron-w thdrawi ig conponents can be contacted with the
oxi de material gtm 1Ng any order that

af fords thebe pcphly-treated @0 g eingigly. For exanple,
one aspect o ention is enploying tyo op re el ectron-w thdraw ng
ani on source 20 © l'in two or nore seFEI1 teZ&Qﬁ{acting st eps.

Thus, one exa uctl a process by which a gkenm €hally-treated solid
oxide is prepared \&)As follows: a selected sol\k@3/oxi de, or conbi nation of
solid oxides, is conts d wwith a first el ectron- ';*qﬁ;gg ng ani on source
conpound to forma fip fxture; this first mxture | al cined and then
contacted with a second el ectron- 25 withdraw ng ani on source conpound to
forma second m e e second mxture is then calcined to forma
treated sol i g,© s gB,a process, the first and second
electron-mjthdrﬁwwr1 ni on source conpo ah be either the sane or

di fferent conquPn : grding t o anot hen _adpect/of the present invention

the chemically-treabgd G0 solid oxide epuprt'ses 4 solid inorganic oxide
material, a m xed

e material, or ac ina#iof of inorganic oxide
materials, that is c ical ly-treated wit el &dt ron-wi t hdr awi ng
conponent, and optionalNy ated with a source, including nmetal 31
salts, nmetal ions, or other netal-containing conpounds. Non-limting
exanpl es of the netal or netal ion incluf Ln ni ckel , vanadi um
titanium sifve opper, gallium tin, nmol ybdenum zi rconi um
and the |ikeé of chemcally-treated solid
oxi des t hat €’ 5 but are not linited
to, zinc-inB ] dCthl ori ded al um na, {um@lmpr egnat ed f 1l uori ded
al um na, zincsi egitat ed fl uorided al um na I nc-i npregnated chl ori ded
silica-al um ng nc-i npregnated fluorided silk\cacgal um na, zinc-inpregnated
sul fat ed® al uffi na, chlorided zinc aluninate, fluorided zinc: al uni nate,
sul fated zinc alum nate, silica-coated alumna treated with
hexafl uorotitanic acid, silica-coated alumna treated

N
.

n a metal or netal iOﬁP
it



10with zinc and then fluorided, and the |ike, or any conbination thereof
Any net hod of inpregnating the solid oxide material wth a netal can be
used. Thewoebhaod34ey whi ch the oxide is contacted w th aPeEitskogoscte,
typically a salt or netal -containing conpound, can include, but is not
limted to, gelling, co-gelling, inpr gnation of one conpound onto anot her,
and the like. If desired, the 15 nmetal-containing conpound is added to or
i npregnated into the solid oxide in solution form and subsequently
converted into the supported netal upon cal cining. Accordingly, the solid
i norgani ¢ oxi de can further conprise a nmetal selected fromzinc, titanium
ni ckel , vanadl ver, copper, galliu ungsten, nol ybdenum and
t he Ilke o] i i ons of these netal nple, zinc is often used
to 20 |nprggna S the sol i d oxi de because—+432¢ provi de i nproved catal yst
activity at Extowzngﬂ The soli e¢hQxide cah be treated with netal
salts or mel’ t aidhi ng conpounds bef¢me9 af

&L, or at the sanme tine that
tﬁ%ramnng ani on. Fol | owi ng
any contacting net
el ectron-w t hdrawi ng amiyn, and the netal i cal ly. cal ci ned.
Alternatively, a solid oxide materi’al, an el ectron-wi thdraWw ng anion
source, and : salt or metal - cont @M pnpound are contacted and

cal ci ned sinyl t/a zly. Vari ous ¥ are used to formthe
chem cal |l y- ed solid oxide useful in &Qr ésent invention. The

chem cal | y- B- \§i|d oxi de can conp Psc t hg—ddnt act 30 product of one
or nore sol

It is not requi Ch that the solid oxide be ined prior to contacting the
el ectron- mnthdramnno ani on source. The cont oduct typically is
calcined either 32 d I'Rg or after the solid s contacted with the
el ectron-w t hdraw ng ani on source. "The solid OXIde can be cal ci ned or

uncal ci ned. i de activator-supports
that can begnp eported. For exanple,

such nethodahara 6, 107,230, 5 6,632, 894,

6, 667, 274, ERHJG are incorporated herein

'oesCMAth one or nore eI@cté%i%ﬁhﬂhdrawnng ani on sour ces.

escribed in U S. Pate .
00802, the disclosurﬁé

by referenc elﬁﬂentlrety Accor di t;.ane(aspect of the present

i nvention, the id oxide material is 10 ctsﬁrcally treated by contacting
it wwth an el ectrog-w t hdrawi ng conponent, typkcally an
eIectron-mﬁthdramﬁnéM%nT%m source. .Further, thg 3\ OXi de materia

optionally is chemically treated with a netal ion, and theh calcined to
form a net ainddbmlile o any combiretical théragdr dgnldaet heveuricd ticlahbreyietame dPlE'ol i d

oxi de. co v solid

oxi de naterﬁgkﬂgﬁigmfgg%rgﬁt%%gﬁﬁ gigﬁﬁﬁmggﬁ?%%ﬁ%%ﬁtggﬁ%ggd%%ﬂﬁEEted and
cal ci ned si ¢erplopdenysthlyst component Mhes loeg hﬂ)ﬂie bymwmnd Hits Wemmfomtella @Dcont act ed

ol cct r on-wi TROP Ay It anerRcroae iR Fgte BB bullq §ofSi s ng *"
co- gelllng,bm@@degmﬂbmmauﬁtwgmevﬂemnmuad ont o anot her, and the Ilke. Thus,
fol I owing any Co&hgcrgli)rns%ntgg;[fehansa met ?loge%gtcgr%{)oeucrjlds wﬁ may% emBFoyed in
10 catalyst component II in some aspects of this invention are disclosed in U.S. Patent
Nos. 7,226,886, 7,312,283, 7,517,939, and 7,619,047, the disclosures of which are
incorporated herein by reference in their entirety.
ACTIVATOR-SUPPORT
The present invention encompasses various catalyst compositions containing
15  an activator, which can be an activator-support. In one aspect, the activator-support

comprises a chemically-treated solid oxide. Alternatively, the activator-support can

comprise a clay mineral, a pillared clay, an exfoliated clay, an exfoliated clay gelled



20sol i d oxide, electron-w thdraw ng ani on, and optional netal ion, is

cal ci ned. The solid oxide activator-support (i.e.,

chen cal Iwotoaat3a®osol i d oxi de) thus can be produced byPaTarSeCie®32610
conprising: l)contacting a solid oxide (or solid oxides) with an

el ectron-w t hdrawi ng ani on source conﬁyund (or conpounds) to forma first
m xture; and 252)calcining the first mxture to formthe solid oxide

activator-support. Accordi ng to anot her aspect of the present
i nvention, the solid oxide activator-support (chemcally-treated solid
oxide) is produced by a process conprising: l)contacting a solid

oxi de (or siold ahotri dad) mafrixha kyéred silica¢ exterare no-leymlecasiiicagy mimesh asour ce
compound to,farma n{lihgs%lica{g é{i#erraﬁj 25056l Jg%‘hﬂ% %J?ﬁcatl Ttherd] XLULS LO
d TTTSst m Xt ur e the cal

produce a cafcrne 3)contacting ¢al Cimed f1rsY mixture
W th a secocohbéhagion rhereof.wi t hdr awi ng ani on source conpound to forma second

m xture; and 33.4)calcipin he co mxture.to formthe solid oxide
acti vat or - suppor Q%Mﬁ’ che g%é@&?% f%g§é¥uﬁ%d?ﬁép 5@3@%@ 3Pa&%€mpresent
inventi on, &dmgacdieni thakbiyespomiaicechieakd dolaX btige csmpruaducEed demicalyred by
contacting the solijd o id? wi.t h .t he electron-mﬁihdramjngﬁgnion our ce

conpound, whigHd Q@ﬁ?dl%kﬁﬂﬁugﬁnﬁbﬁnﬁmﬂ¥“ CUNAPE 25 PHBEEr ©, Nuri ng, or

after cont agirieli®nliAg @tREkd QBHIM IR AWRE aRi SRnSQUySRate@NAliMNRIR there is
a substantial absence of al um noxanes, organoboron_ or organoborate
conmpounds, #HYFD Mz MSBIPGAE db dBiBies of co-catalysisg it Sn¢ignesEssibetot 1 eat ed

solid oxi decig@RfE 8bl¥aly§s GORCUE tRRY oA MPoGHR]. €The ALVRRANBA®Ion by Riccal [y 1n a
dry anbi ent atnosphere, at a tenperature from about 200
10  activator-support is evident in the enhanced activity of catalyst composition as a
whole, as compared to a catalyst composition containing the corresponding untreated
solid oxide. However, it is believed that the chemically-treated solid oxide can
function as an activator, even in the absence of an organoaluminum compound,
aluminoxanes, organoboron or organoborate compounds, ionizing ionic compounds,
15  and the like.

The chemically-treated solid oxide can comprise a solid oxide treated with an
electron-withdrawing anion. While not intending to be bound by the following
statement, it is believed that treatment of the solid oxide with an electron-withdrawing
component augments or enhances the acidity of the oxide. Thus, either the activator-

20  support exhibits Lewis or Brensted acidity that is typically greater than the Lewis or
Bronsted acid strength of the untreated solid oxide, or the activator-support has a
greater number of acid sites than the untreated solid oxide, or both. One method to
quantify the acidity of the chemically-treated and untreated solid oxide materials is by
comparing the polymerization activities of the treated and untreated oxides under acid

25  catalyzed reactions.

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

30  activator-support.

According to one aspect of the present invention, the solid oxide used to

prepare the chemically-treated solid oxide has a pore volume greater than about 0.1



10 C to about 900 C, and for a tinme of about 1 mnute to about 100 hours.
Cal cining can be conducted at a tenperature of from about 300 C to about
800 C, orwalvarmatobvel y, at a tenperature of from about PCOUS@O3IBHOUL 700
C. Calcining can be conducted for about 30 m nutes to about 50 hours, or
for about 1 hour to about 15 hours. gg for exanple, calcining can be
carried out for about 1 to about 10 h 15 at a tenperature of from
about 350 C to about 550 C. Any suitable anbi ent atnosphere can be enpl oyed
during calcining. Generally, calcining is conducted in an oxidi zing

at nosphere, such as air. Alternatively, an inert atnosphere, such as

ni trogen or ccm gberordang @ anetiercispryt af tho sphart eyveigivohtha solklyakidegrn apprecar bon
nonoxi de, e ccor S t nventi on,
The sol 1 d oB siaS i IPERRLCLIE he: PR P BT ol i BEERTBheMC T ot 6
ion, or a cmnhnmaph@nMdbxdahmnaxn@pﬂumagkﬁyrmmeﬁmedlQnﬂg a netal ion, and

then calcined t V|deth chem cally-treated s eformof
e rreu are oo RhSHGeESheC B RIS MRS Fa Pl PO ko, | onf e
with a sour moaﬁz/gsuhfyaﬁaﬁoﬂlbmsmﬂ tie sotillokidt hixg @eracd arda, ofefro&owoaezoof chl ori de

|on 25 (ter chl ori ent"), source of fl n (termed a
"f1 uoridi ngt %&ﬁt%‘)? Mg Igs%lg%t??l%éﬁqu%{ Ofﬂlfrpéwnt ”é‘f?&“% ggo’flg ¢B#ovi de t he

solid oxidey @ﬁfabélaéﬂéffrddsgjdu{zmbdi)@t@mjn@//gtOI’ supports i ncl ude, but are
not limted to, brom ded alum na, _chlorided alum na, fluorided al um na,

sul fated al uni nalPepshspricalyrtisated salidyonide £an QOMPESS detplid] NPEANIS| QFMena,

fl uorided Sédrﬁ;ﬁﬁm@'o&!%eﬁl%d %Hé Inaﬂl@l‘é cRinken & e REHNTDA, Gﬂa{q?Qﬂ Flads 56 lziga- 30
zirconia, chlorided silica-zirconia, fluorided silica- Zirconia, sulfated
si li ca- # rconifal 12488 Hedr 45 1of ds-Reripdinitable, F Gomprasing e aig oie or

hexaf | uor ot j,bANLEMAR! blectdd 6@ RO Mn@fhn Ak WA LnitiE %ﬁhﬁe%sv@sgé’ Hawley's
hexafluorotitanic acid, silica-alumna treated w 34 hexafl udrozirconic

aci d, fIuorC@é@mﬁéKﬂ@mamhﬁmﬁﬁnmslUﬂbﬁiik@@ﬁ%ﬁww&ﬁhmﬁéﬁP&ﬂ&H@noE@nlc aci d,
alumna tr fhupr v &

hexafluoroSﬂ%s%ﬁ%%F% %E%J?'%.gug‘g?g C%gyyig%%ﬁh%%]%&%ﬁff@m&%ﬁﬂy

nmont mori | | ofil £¢, Vijsyilowatieycet 1 24%.e Fonixampld, ulor indeyanic hixglei cde comprisul f at e;
phosphat gd r r h i@ I &e ed with
it ot ol 511 SR Fo Bl qlnlhe LRARTASRDA, BaC OPR YpE PR Mher
any of thes@ad@IMmaMQrNsﬂppbr&sSqﬁmyﬁnﬁlMyPcﬁnZMendZeated with a netal ion.
The chenically-§{§ 8 1 Q fg ga % W? a fl u%élde sohkd oxide in
the formof a p ath ‘Eule’éatng’ %Soq i*dC THE® FY 67 &an%%qupgs § 48 % for med by
contacti ng formik: dehidligxicsted wolidhoxadef ihtlodd, (ﬂutl’kge agelihitedTloeAf,Dei@,06le 1 on can

ol vent - suchEaePapeansl CorSudiar CaBt BihoCoshe Thbe Mot S TN The one 1o

three cag bop,cal s&belﬁopmssroafrhﬁaerﬂoszw W@J Y,@N&nowroyrhaar tension.
Exanpl es of suitable fluori di n agents incl ude, but are not ljnited to,

hydr of | uor i BkCadieidngmpixea st el abfigs) thergofpRerufwaBPtl thr i de 15
(NHAHF2) ,  ammanbuie el rhpHey aftes abigmid¥HABicdalunfidOdliddBodted | A@hinylor i de
(hexaf | uor03| i cate) (ﬂ1 ) 2Si F6), anmoni um hexaf | uor ophosphat e (NH4PF6) ,
hexaf | uor ot HEEE Lbpgp E‘FlQ'ﬁhFBl}lOP}b?ﬁﬁmm ubsteienclytiRgstes: i tighine P2,
((NFI4) 2Ti F@)onchigXiatih UM QAL JCRANCE o0RiakCtndrbidZs ﬁ} cofidihmion¥&kF4, anal ogs

t hereof, and conbi nations thereof Triflic acid and ammoniumtriflate al so
can be éﬁployed’“ﬁoﬁﬂ@x@ﬁﬁt@ftQ@ @Mﬁﬁﬁhu%¥%mm$ﬂ®r@ﬂ@>@NH@ﬂFZ?whdﬁ be used
asthefluogllqlgg d $ €A AVald abiphdat | f
desired, thehsnl dﬁom édefi;é%t Pg%tdgeﬁe%t ¢ a?'fﬁlg% ?13?1}19 aéle%t bd{&rl?{nr?g t he

cal ci ni ng swdpmixngs fkigof. i Eﬂhmgmsegemdecmuedsoa‘uclu hsnrsrbtaghlluynr@ocrmatmu ng the
solid oxide ) |n addi tion
to those fl uo‘%f 3 pguﬁ@%s&%&a{]]gsﬂ%ess‘@rl %Qhaglevni%onﬁ%?l gofh nfq“atl ex%g gani c
fluoriding targ‘emhs sclaho;bdae usmbuncExEmmh;és dfmnmd aztlddsehamcgmbe osefllimdrei di ng

agent s eful. in this a ct _of t.he i.nven n.incl ud t are. not limted
Foc T ethe. SHabPr UBPSh R Afe s i raliBh afbifte b PR oG it 2! Sine

trifluor oet dlamnth, sﬂfmdltmhzg silick-el,rcoﬁhl'ﬁdz@ﬂhfﬁéj ViaiolO¢1sy nhrA0 hlutadactitaning
tenperature ener al rrus igh e gh,to deco 0se the co ound and
ol base {1 yUPRREA T O BT NET B Rl O oL GBS o)
itself also can be used vvlth the solid oxide if fluorided while calcining.

Silicon tetrafluoride (SiF4) and conmpounds containing tetrafl uoroborate
(BF4-) also can be enpl oyed. One conveni ent nethod of



35 contacting the solid oxide with the fluoriding agent is to vaporize a
fluoriding agent into a gas streamused to fluidize the solid oxide during
cal ci nat iw0.2011/133409Si m | arl y, in anot her aspect of thi sPCmUSRe1i1L082614 he
chem cally-treated solid oxide conprises a chlorided solid oxide in the
formof a particulate solid. The 5 c%ori ded solid oxide is forned by
contacting a solid oxide with a chlori“ding 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 treated with a chloriding agent during the cal cining
step. Any chloriding agent capable of serving as a source of chloride and

t hor oughl y ownmpastisngkidt eagxinldesudunris ngice-heatedh blwimmangs skespibedm BeS.used, such
as Si Cl4, [ 2C1 i 1 nd..t | { Ke, i i m Xt ures
thereot ol ST BHGHA 2T e Bl SRR OBk bR LR A o

sui t abl e vote&tréence inarsgatitey. chl ori di ng agents include, but are not limted
to, certain freops, rchl orobenzene, chl or t hane, ..di chl or onmet hane,

chi oroform. car R LT EEHPURTHE CoPPhaR bELS R o atHh S TR 0 " any
conbi natj oncdnipenanfthdtainaoasss ledr ogeror dhdoatédd ecidity chiier dohid dxidelgon 15 al so
can be used wth the sol i&i 0 id(ﬁ. durj ng cal ci ni ncg.. Ontﬁ conveni ent net hod of
cont acti ng FHENGL{GHEOWPERI foHEC EMdaridgi Ty ISApd Heats S ity aeasbene AL Ok or i di ng
agent into RitgRSwiakkeRdA). Userdil fol dhedkFet dthle prkdrd ithiEl, eidrdiddgon-

cal cination. . The amount of fluoride or chloride ion present before
cal ci ni ng t WEhdigying coRpentgepslegtiop-Withdrawing apps deriyed omp st 2880y wei ght ,
where the wgi Ghdr BRHEEAL sich BaSRhtil2OeAlic ENBpoRl ARkt efved Bea SQlddoroxi de, for
exanpl e, silica-alum na, before calcining According to another aspect of
this i ni&ntPegirsor Her hatoumian. ofxamplesof gecen-wihdsrvige apighs prldedut Bsf or e

cal cining thg 15atdidooxiife, bhulh@MMARRR! chlohd®, BRMMEe, 2odRIOYINELAItt,, and
according to another aspect of this invention, from about 2 to about 20% by
wei ght . AccBraiplegate. ophpsphaten dluephesppaie t trigiuotopgetats, fyillatei dnorozifpenagiprount  of
fluoride or [.ce 0N : Cl 0 |1 xide is

f rom about Q&Jtuc))t%é%getﬁ? na%@&fﬁ% lI\E/\yi/cal g .lxﬁ%ggnlﬁﬁ%@élgﬁgu@tnggw\}/éa f? hﬁlﬁagpﬁalg t he

hal i ded oxi etbercamicher dronachibycoamyusiyi thath kaveres hwdrcen dbudieng , eldstron-not
limted, o, i dltrati foll one V. rat.i .dryij der
vaouum pr SRR shb A el B bl TR AR P SRS

i ni tiate t htatcdlectlentmog-vathdpwingredbateeh \bewot kantconipsiden dlubtide, i afaridgnat ed

solid oxide. 30The, silica-alum.n sed t repare.the treate )

ST Sacl orbreE Bngphaes Bt BRmt 56 i SRS RenhE B Ehneion oo o
Accor di ng teeof imspecispdats dfhigs pivesant Th othendspeots, tHehedecponi-evitidlawing i S
greater than.about 0.8 cc/g, . and accordi to anot her 36 aspect. of the

O eoent | moidh St spanie! LuBR BSTRLT BheiaR T, o RD IRt o Ui na
general by hasoresuftbtef arerodoRe, giaihete, tRropAbplbtc 1 A0fTHRIGetadC GANLENY t O

anot her aspect of this invention, th@ surface area i s greater than about
250 n/g. Ye{orosisondfoilneitigagednd therise.ipracbipatan ferGteat er than about

350 nR/g. 5The sjpyk cBr &laHMcN telikliVaiFRepont kRe cRERRARL rdaQBEd 8y pi cal Iy
has an al um na content from about 5 to about 95% by wei ght. According to
one aspect Wfdihihs Gaplsheenarpsitioneohihg prgsent dBYRnEeR cadf by 9B C¥T $BAISEl umi na i s

from about B dRc@RRMiND OMoril A, APQHitic B alfMlcd I inAlBHAR bY

wei ght. In another aspect, high alumna content silica-alum na conpounds
can enploy etllicarghumjnp.c phlpmdedasilen-Hempen bewmidesf silica-plhmae, splfiteds sdicarm na

conpounds t%i{ﬁin %,' hlyorfd 9i‘ﬁ§a—£ifc%ma?aﬁwide§g%cﬁ—%ir@o%’agtoro%ga/ d SQIricatzrh%QﬁinOUt 65%
y wel ght. ing %1

to about 80% alum na by . According to yet another aspect of this
i nvention, sulfeted obilick-oxcodie, dmpdnlenilicetpri shpridédirviliva-coitthommisil i ca, and

accor di ng { g, 4ngtiet ASLPHaL, L Sh Y Sl QBued 1indRl ula B e cgPOneNt
conprises silica wthout alumna.
combinations thereof. In some aspects, the activator-support comprises fluorided
30  alumina; alternatively, comprises chlorided alumina; alternatively, comprises sulfated
alumina; alternatively, comprises fluorided silica-alumina; alternatively, comprises

sulfated silica-alumina; alternatively, comprises fluorided silica-zirconia;



15The sul fated solid oxide conprises sulfate and a solid oxide conponent,
such as alumna or silica-alumna, in the formof a particulate solid.

Opt i onal 1w 2bhie13340bf at ed oxide is treated further w th &CEaiSad11i082816uCh
that the cal cined sul fated oxide conprises a netal. According to one aspect
of the present invention, the sulfat eg solid oxide conprises sulfate and
alumna In sone instances, the sulfat 8 alunina is 20 forned by a process
wherein the alunmna is treated with a sulfate source, for exanple, sulfuric
acid or a sulfate salt such as ammoni um sul fate. This process is generally
performed by formng a slurry of the alumna in a suitable solvent, such as
al cohol or wlfaztr@tiveli',mommism chlheddeslicredcgun cenltarztivdp, comptike featidet | ng agent
has been adgﬁg . co tlé[htd e organi ¢ solvents include, but are not limted to,
the one to ree car on “25al cohol s because of their volatili ty and | ow
surface tensi on.When the cRecgoi- dmth@ratvmgmmmpasqmecbmmﬁses Iamaluotﬁ\aereﬂacam t he

t of sulfat t bef | 0.5 to about
100 parts by bEr ik Bkt TS rmRTEoCsEE 06 Rk 2 B HERGhIoRufhe oxi de.

Accor di ng t@t1amﬂidnen0\@sme@ilt ﬁbfretzeht sr daavapdsi dack tohee amumtmg)éalemhg ate ion
pr esent bef re cgﬁm nin hIS fr alg]t 1. tgf %out 50 arts by 0 wei ght
sul fate i on e Bl icisot E)aﬂ“f corfticy B&?eﬂi@ htPUESF Hieng to

still anot heéct@ﬁmﬂﬁﬁra@ﬁng dih mauambutmae ndtNiNeake e s%hﬂgguﬁbpmé sdPinparts by
wei ght sulfate ion to about 100 arts by wei ght solid oxide. These wei ght

ratios are Hagstredobvert isi gt of %C‘WG’SF r%ﬂﬁ%ﬂ%?ﬁ e SRiiYe 1R SHERCE ni ng.
Once inpregnah&d W thisiuhd@hifon, terRpiabRPAX HpasRd hendtdies), ke any

suitable method including, but not limted to, suction filtration foll owed
by evap¥t at $aAn. wyherﬂ&eum’etﬁlewé@mbﬂﬂmfr%awyuEe@mpéﬁﬁ@f@webleu qedionsg| t hough
it is also pogsi bheof Qnd RickkH GithPeving! fhdH MnbeBui PEdb@liflYa $Accor ding
to another aspect of the present invention, the activator- support used in
preparing t#emerya gr@ikytemp)egium, ¢rieally] armmenipmy tstedlion P@@Wb@il@l@sH&n

i on- exchang support, including but not limted to silicate
and al um nosi pb%%ﬁg%&gﬁ%g%ends or mnerals, either wwth |ayered or

non- | ayer ed st r LFomhcresomlan@ilooenfmmmn oS dﬂ‘r‘ﬁeme(ﬂectrnn -anbdhemgeapest of this
i nventi XC u il plllared
clays are ool atE BRRPGRR o A Wt e OB bl P M B2 Por ¢
conpri ses asuppmmoetiae [dexiigyé ddvele @mnbmaa.tonsr eﬁﬂm@n{wuhdtammg\canpionmmédny be

treated with at eeectro suc rge
é??Va? ?-support

St
il ool oaed tis ARl REIRC T TR bR i RRup
i S not tr eathedaffértih thandceir@l tlicaticalily fufeaticd\wblIid) ogide ealdmlS,%mmnmg e anot her
aspect of the pr invention, .the activator-support .of this invention
Conor i ses GRS 1 Ty Y HE b ST S B B 6 et o R e atjeh Sutoan! e of

Iexpandldmg dotioaids lﬁhﬁ’d’orfﬂéc:ﬁﬁﬁé}ilara@&dohtgaﬁrfyst@b'ppolrt5 i ncl udeh but alrle no'éI
imted to, ion-exchangeable, |ayered aluminosilicates such as pillare
clays. Although ¥H& ¢%r %amgl?p%fowc 3 Brogrse @y Which & Sorcbatitasbs il const r ued
as an 'nertomé’é}ls?féﬁﬂ‘é&'%% fQfowkshg s@adt@ 368l 0%AERP SbhbiBRionRikolldadNRE, IS to be
consi dered an active part of the catalyst conposition, because of its

inti mte asScenagtebyithpistckstrorrahdrayBeeniosrpgpestmpound to formadsidi ng t o
anot her  aspelef tfhBrPLESERLs IAVERE 1AM thdn"QnEkRY WBL 8Tsb@hd Reurbfli S

i nvention enconpass materials either in their natural state or that have
been t r&at ewithd®ving enjoy seureseomipowyl toyfore sdcarfl mixgne:che seaprtemixgie j5i | | ari ng.
Typi cal |y, Gkid &l i,a} N, Lt I v conpri ses
cl ays that ﬁglgg 1e%dn%:airco)n gxceﬁggltsgdﬁ? 5)98?1 Fg&% clg{)ﬁegas& ]‘ihﬁc%ﬂd%eg%d

pol ynucl eareledwogmlﬁld@hamggeldomme conpluads ¢t heoeither Howanerqr differcatl ay

mat eri al acél at or.- supports of this invention also enconpass cl ays that
have been ion exch anged with sinple salts, including, but not limted to,
salts of According to another aspect of the present invention, the chemically-treated

30  solid oxide comprises a solid inorganic oxide material, a mixed oxide material, or a
combination of inorganic oxide materials, that is chemically-treated with an electron-

withdrawing component, and optionally treated with a metal source, including metal



30AI(II1), Fe(ll), Fe(lll), and Zn(ll) with Iigands such as hali de,

acetate, sulfate, nitrate, or nitrite. 38 According to anot her
aspect ofwOhelpBe®ent i nvention, the activator-support eocwarseeses3mipill ared
clay. The term"pillared clay”" is used to refer to clay materials that have
been i on exchanged with | arge, typical hy pol ynucl ear, highly charged netal
conpl ex cations. Exanples of such i ons i nclude, but are not limted to,
Keggin ions 5 which can have charges such as 7+, various

pol yoxonetal | ates, and other |large ions. Thus, the termpillaring refers to
a sinple exchange reaction in which the exchangeabl e cations of a clay
materi al arelts.epltdéed, mkmwrhamgeunﬁh@gbvnmhmd@éﬁnibm%mgsnnmﬂasﬁﬂeggin i ons.
These poly re then the inte rs of the
'y and whEReEar HAEAR IRARs AGTpleRT P RS M, b op B SN
effectlvelyusupmgmﬁ1n@owh@muMaymt@ymnsaa$th@Hunnokuwammmnmstﬂm&$f Thus,

bt voen ol g A BRE ROHEN G asaen ] v e Ak it OFeT ORI iRy ana 1 ne

por osi ty5 i sbienhamoe timitddheo rﬂwirﬁpré@a@d)rdhlbndam aMi@dina, Itﬂarﬁlhﬂ-ﬁlﬁpl_ﬁmtdﬁll Ze as a

function Ofﬂth(ig IIarln materi a @ arent cla f EaL sed.
Exanpl es of "HMFar Y 4ark CdFlPTeéPaé%F‘ PR RTCEFSC OB vai a, 15
Sci ence 22055 hina, SR &Ypleg(nlt%?nmon&edmﬂlcmmﬁa Adtigipeahatd onfatdaen stry,
(S Whittin%ton and ‘A Jacobsan, eds. 55-99,  Academ c Press,

Inc., (19723umagchlgsided ginc ﬂblmlaatﬁa?bwg% zing, %umiﬁa&eeﬂtlfam zing 2BgNge.1:  and

U.S. Pat entsiNa.-codic@ @Rnth30icatcl Svithi IRGA MRS HEHICkidMilieNcAlA aludaRd kAt ed herein
by reference in their entirety. The pillaring process utilizes clay

m ner al 0 havithgne xedtheiydugsided @ad the hike.on any cpnbinggien thereghabl e of expandi ng.

Any pillared clay,t fﬁ@ﬁlo&%@ nﬁﬂﬂagﬁh‘ﬁﬁ e sdhal KRS mZRfidIoNiPh RUAldaRSel N the
catal yst conposi tion of resen% I nvention can be used. Therefore,

sui t abl e cl eppd. mThemﬂ@dftwrwlpi:h tharoxpdlg 15 aeritastke wighue nigted seroee, [tymealled@ t o,
al | ophanes; aﬁr@%ét le&ntaﬁlqyc&”féﬂbﬁhéh&ﬁllﬁéluﬁat lgrlﬁi)t tlﬁrllte&) (f§ a!bl%ﬁglr aLo (My) and

derlvatlves thereo suc norillonites entonit tronltes
hectorit es gadling appmgitagsy ohahd otyspwe@ ontOZ@Other, rang whe ltiles ; Ifrdee:lasl the

fl uor 0 mthmto%al AI% { 81%})8(&11(3,[ apu d (% %¥Slm taﬁl’égat[adl bﬁtgutﬁet esgsoxﬁcfgc Udl ng but

not i tes a serpentine
clay, |II|tsﬂmkmpbmnhmdsm@pmmnﬂﬁpmaadmhmy)ﬁmmhmﬁmmdnmamhpmeoﬂmmmgone
aspect, the

activat or rt co .1 ses nt.o
mont ot i | 1| onRos R i Pt i R ter SRBEIT BPE M EPR 1 oni e,
30The pi | | afied tiednayn, addgkeh @apkiiin, 8t dedpperdgaiiuredin, howgstex angytelenan,pi | | ared
bentonite is pretreated dr at ab ut 300 C under an .nert atnDsphere
Dvni a1y iy TG aurorRlptiottn g BiTs . Horurthanigt Aiaba ot ho
pol ymer p at ingiegn@ahciolid 02Re Abdahmgbamoﬂa@mqira\rem cRfaBht Raltenta los descri bed

herein, it should be understood that the preheating can be carried out at
many other t%hperatures and times, including any conbination of tenperature

and time steps, @lelsoRf o:WN &B b@E@atWWﬁﬁms BY mb i SontatMBNEInPdunds
before, after, or at the same time that the solid oxide is treated with the electron-
withdrawing anion. Following any contacting method, the contacted mixture of solid
25  compound, electron-withdrawing anion, and the metal ion is typically calcined.
Alternatively, a solid oxide material, an electron-withdrawing anion source, and the
metal salt or metal-containing compound are contacted and calcined simultaneously.
Various processes are used to form the chemically-treated solid oxide useful in
the present invention. The chemically-treated solid oxide can comprise the contact
30  product of one or more solid oxides with one or more electron-withdrawing anion
sources. It is not required that the solid oxide be calcined prior to contacting the

electron-withdrawing anion source. The contact product typically is calcined either



5The activator-support used to prepare the catal yst conpositions of the
present invention can be conbined with other inorganic support materials,

i ncl udi ngwolzat1/13st09l i mMted to, zeolites, inorgani c oxi desT/yshaspbxmied

i norgani c oxides, and the like. In one aspect, typical support materials
that are used include, but are not lingited to, silica, silica-alumna,
alumna, titania, zirconia, nmagnesia, "boria, thoria, 10 al um nophosphate,
al um num phosphate, silica-titania, coprecipitated silica/titania, mxtures
t hereof, or any conbi nation thereof Accordi ng to anot her aspect of

t he present invention, one or nore of the netall ocene conpounds can be
precont act edurimgt ¢ @ier chefolnl podone codmtcdawitbriyarbatremviiidrwogpound f or a
first perio f. td ri t act | hi I, Xt ur it h e
activator- S%B%Sr E[l.hg%%gdeéx?({?ecagrb gg%ﬁ? g%{)@gw n1101>r<1§c}j Ln\e/&(rl(i) > ? ﬁoé"g.sgr%s\tlsﬂglpfe 1(;“:ule‘lne
conpound( s) solid| @fidenactivatorrarppoman thao cga bo aimphdyed nm abispioundon haxobhtaact ed wit h

the activator-support, the c osition further | S] t

heti vat of - SUBEHE L erablE ST RE L  desr i ET BBt s 02228t act e
m Xt ure £ano,bes, ol osmedt 49, repmi 71 I IsBers, xomacts, /61418, 388d7,peri od of
time prior bei ng ed [nto_th eactor_jn 20whj_c he I rization
process mﬁIég%%§¥hr@?£§&%ut§$ihﬁ%z ‘i%@é@giﬁ%ykéméeﬁggﬁgﬁhepxﬁgﬁi t of the
present i nvevid o, 666627 akiod, B5005021 e dREb@dsQE QMEhGRABPEScE afrcie
precontacted with an ol efin nonomer and an activator-support for a first

period of tPEfeEee i hef' eBHicting this mixture with the organoal um num

compound. Once tARoRIRCOMUINBGERE: & kb ?fe_@er@ﬁndeﬂﬁonm{eaéo_h@%m@ maf@iaf @Mpound(s) ,
ol efin nmonomer, and activator-support is contacted with the organoal unm num

conpount) t HEMEEHPHSTE] oty feQREHER Honpithi §P ngloeta-YiYEmGRS LHAMPARTLs termed a
" post cont acfsdaiy hX b Fon-WIRIPCRE GAMhAGLRE Mwihty ehCalidP&i@ hawral to remain

in further contact for a second period of tinme prior to being introduced

into the potpiwatllyziachaniceydeetd withgomeRGaNGRIUMNGMICAVPEUNDSMetal- | n sone
aspects, cal@l¥ihe GPRAFI ﬁ)‘i’%ﬁat g ({I?Qﬁicgﬁ —ﬁgegéd S DY da@n %%E‘%ﬁﬁgp{o' S€ one or
nore organoal um num conpou ds. ‘UC ‘CO oun ‘S can 1 nc 'ude, ut "are not
limted to,amdrpourds ohahé meestieinfartionl ghe S(iRcYEd mapdngl @nRCldacgomn
al i phat ¢ %ﬁh’c@a\% afi¥n %oru?&' ate %]o%ta%\%d SRy Pa‘?é}ne%tsﬁﬁlﬁtango%rsly.exa”p' e, RCcan be
met hyl , et hyl,  propyl, butyl, hexyl, or iIsobutyl. Q her
or ganoal um num cidepoethats byviaihech tbaoxide isusethcted widdt the yeddctronmtbdiatvingns
di scl osed heor ei0n Qn ! q&' ugd t'or ta)lrlil taci I’0 arr1] gl%ctlroinr—];';vi he rav;[lir?g arﬁgrmgrlil Pn%?udg' avi ng
10t he  f or mirPoRTT o8yt R 3 , .
but is not limited to, gelling, co-gelling, impregnation of one compound onto another,
and the like. Thus, following any contacting method, the contacted mixture of the
20  solid oxide, electron-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:
1) contacting a solid oxide (or solid oxides) with an electron-withdrawing
anion source compound (or compounds) to form a first mixture; and
25 2) calcining the first mixture to form the solid oxide activator-support.
According to another aspect of the present invention, the solid oxide activator-
support (chemically-treated solid oxide) is produced by a process comprising:
1) contacting a solid oxide (or solid oxides) with a first electron-
withdrawing anion source compound to form a first mixture;
30 2) calcining the first mixture to produce a calcined first mixture;
3) contacting the calcined first mixture with a second -electron-

withdrawing anion source compound to form a second mixture; and



where X3 is a hydrocarbyl; X4 is an al koxi de or an aryl oxide, a halide, or
a hydride; and mis from1l to 3, inclusive. Hydrocarbyl is used herein to
speci fy awbydrigisatobon radi cal group and includes, but i #Cmats2éiitBieed t o,
aryl, alkyl, cycloal kyl, alkenyl, 15 cycl oal kenyl, cycl oal kadi enyl ,

al kynyl, aral kyl, aral kenyl, aral kynyl, and the |ike, and includes all
substituted, unsubstituted, branched,3?inear, and/ or het eroatom substituted
derivatives thereof In one aspect, X3 is a hydrocarbyl having from1
to about 18 carbon atons. In another aspect of the present invention, X3 is
an al kyl having from1l to 10 carbon 20atons. For exanple, X3 can be nethyl,
et hyl, propyl, mbbut yhlcinggchdngtyld mixkgubatfyim the polidexyde actavatbrishepolti ke, i n yet
anot her aspect o esent jnventij.o C | ng .t aspect of

t he present invé%?%%ﬁ%fghy$§mgﬁﬁﬁﬁﬁg§iQémgﬁﬂgﬁm2@§%%§#6g$‘%ﬁ@ﬂ%%% of which
has from 1 tentciSsotidrdxade @tppodiced oh&drindé byotonactmpdthiedelid lonidanwitthére aspect of
the present .inventjqgn, .X4 i.s sel ected independently fromfl uorine 25and
chiont e, veFROR B ol SEPE S AR RPERT R ol Rl onRind 5, [oa.

Al (X3) " (5X4) Scimadi tef@e ndurtde) off fftsncbntaing, the BRbtugi-wahdrawidg tayphcablcy, mis 3.
The value of mis not restrhﬁ%ed IP e an i er; therefore, this fornula

t
i ncl udes se¥Wuirtialsi d& ¢t dhpdugganil APRRIES oplg ANTUP AT U 89848} Yonpounds.

30Exanpl es @badbaaRedhigoidis e QTRamdeic stpaate for use in accordance with
the present invention include, but are not limted to, trialkylalum num

conmpounds, di al KAlGminEioh ks Hstted eolidonpbn gererallyi i) epiugtadnitndint BPRYXi de
conmpounds,  AhofHhtcKKipRhmmnnd iythidnd 6t eURAS tenBREANGO FBNALLO® t her eof

Specific non-limting exanpl es of suitable organoal um num conpounds i ncl ude
tri met hiQ al ‘iﬁﬁqmwf@ﬂ%ﬁﬁf and fop g Hieaf ghpH UnmTRAY abeyt ilOG hepre pGRlginingi num
(TNPA), U1 o R AL PUMINERYe of S QBYA ioR! 4T pum (oo or = -
trl-n-hexylé?unlnunl ri- 5 -octylal'um num ||sobuty?alunlnun1hydr|de,

di et hyl al umirutiednax adempctit@t RY fidhmasomupochl wrabee,70and. ttaridihgen or

conbi nati ons t her eof The present inventigg contenplaggs a _met hod of

precont act i PrgCRdpREtdfor BRoshe) BEWES dn P £t hatss: OF Bt JrHoHUIM 88pdund and an
ol ef i N MONORRH, t Phuk O bt CABMAG lcBE bELaFtiM Gut FB LBt 1 HOMLTHLRT t hi S

precontacted m xture with an activator- ) )

15 at a temperature of from about 350 °C to about 550 °C. Any suitable ambient
atmosphere can be employed during calcining. Generally, calcining is conducted in
an oxidizing atmosphere, such as air. Alternatively, an inert atmosphere, such as
nitrogen or argon, or a reducing atmosphere, such as hydrogen or carbon monoxide,
can be used.

20 According to one aspect of the present invention, the solid oxide material is
treated with a source of halide ion, sulfate ion, or a combination of anions, optionally
treated with a metal ion, and then calcined to provide the chemically-treated solid
oxide in the form of a particulate solid. For example, the solid oxide material can be
treated with a source of sulfate (termed a “sulfating agent”), a source of chloride ion

25  (termed a “chloriding agent™), a source of fluoride ion (termed a “fluoriding agent”),
or a combination thereof, and calcined to provide the solid oxide activator. Useful
acidic activator-supports include, but are not limited to, bromided alumina, chlorided
alumina, fluorided alumina, sulfated alumina, bromided silica-alumina, chlorided
silica-alumina, fluorided silica-alumina, sulfated silica-alumina, bromided silica-

30  zirconia, chlorided silica-zirconia, fluorided silica-zirconia, sulfated silica-zirconia,
fluorided silica-titania, alumina treated with hexafluorotitanic acid, silica-coated

alumina treated with hexafluorotitanic acid, silica-alumina treated with



10 support to forma catal yst conposition. Wen the catal yst conposition is
prepared in this manner, typically, though not necessarily, a portion of

t he or garweal2zanvrseweconpound i s added to the precont act e@Criuszan®3znd

anot her portion of the organoal um num conpound is added to the
postcontacted m xture prepared when th precontacted m xture is contacted
with the solid oxide activator-suppor However, 15 the entire

or ganoal um num conpound can be used to prepare the catal yst conmposition in
either the precontacting or postcontacting step. Alternatively, all the
catal yst conponents are contacted in a single step. Further, nore

t han one or@anﬁaﬂmﬁanqmddnﬂmuwddb@ﬁlwemuaedﬁmnusﬁﬂheﬁhtﬂeﬂpmebumtacting or

the POSLoOM et g h eRrea oA RLIANOALUT UM CQRONN 520 aflded I

mul tiple steps or anoa um num i'scfoséd herei n
i ncl ude theh@@ﬂmﬁqﬂmuﬂmncokubng@ﬂhahudwnummhamp@umﬂmu$emnmmmﬂhmhethe

precontacted stc e ures i.onal org noaluninum
P ompound adisinil RSB HiBRgdFloor esr A" PPBitd uoRi & SBoant < o
organoalyn1ﬂumﬁ@pMpguMQSqameQQAsehaﬁedﬂwe@ﬂmﬁhﬁ&sd@fmmbmbmaf<ﬁ aiyngl e

or ganoal um num.co, e than 25 one organoal um num co und is
e AL v B RO BOeREs THE BSa e ERE e arT HRITROTT e o

cat al yst coppesiwittomyhiichh can conpri se an al um noxane conpound As used

herein, the term "al um noxane" refers to al um noxane conpound
conposi tions, m XEGreRicalbrrgiderlid exidpet @apriieyRriided solioxsly ”h%hﬁ/ such

al um noxanegraiog a ParRAaRdolid. OTREFuRN I P LRI WikaR b YoriRE by kofta@manpl e, a
catal yst conmposition conprising an al um noxane conpound can be prepared in

whi ch™ alUni yebid isde;vsith Jypréing agent hEhq Brgrideyen ernabbidded ruthiec paidedXi de) , or
i n which 4%r1ﬁfngmsﬂ9?§mé S g\l sqgg)l@%l\tehﬁsﬁggpbl@@{dl Owakr 1ﬂau@ih§g'm num

al kyl conpound and a“source of active protons such as water. Al uffi noxanes

are al so refumpelgnites tasthp engiorlyde exrberaj¢ohals asanemeioheiteddytiligy and low
organoal um in’fé@é‘t%ﬁsnonTH&a%ﬁ%f&%ﬁéﬁﬁ&1 %‘%‘8&? ﬁldEyb%'t&@lnL dh f& Gontact ed

wi th the al um noxane in a saturate ocar bon ‘conpoun vent t hough
any sol vent hytdneftuoris s@@s(HWM|ammymumedhwU¢3t@ﬁhféa@manmsml|hﬂawnbdiates

and,profect ghyne SRbUA! A0 BLRERD 09,850, LIRSy L Sial Sepost £ on
filtration. (h&dfleornsiicatel yg(NHh)@SE@)I ahrymbmumrrpimaiﬂuomphba)hanat r@duRed i nto the

pol ymeri zat flf:?(gﬂuroero ?t;[mcfc a01d ?IQ%R am 0}11%81 %exaﬁuorotltamc acid ((NHy4),TiFy),

hexafluorozirconic acid (H,ZrFs), AlFs;, NH4AIF4, analogs thercof, and combinations

thereof. Triflic acid and ammonium triflate also can be employed. For example,

20  ammonium bifluoride (NH4HF) can be used as the fluoriding agent, due to its ease of

use and availability.

If desired, the solid oxide is treated with a fluoriding agent during the

calcining step. Any fluoriding agent capable of thoroughly contacting the solid oxide

during the calcining step can be used. For example, in addition to those fluoriding

25  agents described previously, volatile organic fluoriding agents can be used. Examples

of volatile organic fluoriding agents useful in this aspect of the invention include, but

are not limited to, freons, perfluorohexane, perfluorobenzene, fluoromethane,

trifluoroethanol, and the like, and combinations thercof. Calcining temperatures

generally must be high enough to decompose the compound and release fluoride.

30  Gaseous hydrogen fluoride (HF) or fluorine (F») itself also can be used with the solid

oxide if fluorided while calcining. Silicon tetrafluoride (SiF4) and compounds

containing tetrafluoroborate (BF,) also can be employed. One convenient method of



10The al um noxane conpound of this invention can be an oligoneric alum num
conpound conprising linear structures, cyclic structures, or cage

struct ur esp 20r/138400ur es of all three. Cyclic al um noxaneCtarspaanssihavi ng

t he fornul a: -( AI-0- 1 PR
wherein Rin this formula is a linear ,or branched al kyl having from1 to 10
carbon 15 atons, and p is an integer3$ron13 to 20, are enconpassed by this
i nvention. The Al RO noiety shown here al so constitutes the repeating unit
in a linear alum noxane. Thus, |inear alum noxanes having the formula: R/
RiAl-0-Al 1g RR, wherein Rin this fornmula is a linear or branched al kyl
havi ng fr onechtactngl e salidbond2@#h thesfluoaidthgqees iatw vappveger fligroimglaget 50, are

al so enconmpasse ? 2,tﬁpi L nyeption, ... . : ége . al um noxanes can have
cage structﬁ?ﬁég% %? ew%%kﬁﬁPﬁzéﬁﬁF%%B¥fmf%5ﬁé ??ﬁm erein Rt is a termnal
| i near or brancHgdiladykyih agothexpadpasti ofgthfsr mmention,otht GhemichibpytredtainsglidRb i s a

o190, 10, | ERY 5 RLEASHRGR] Syl LOLB TV AA, U o e 046270 20T ¢
25nunbers of ctildridee sclabodinatfornaddusy counicideoarsolid1ckidc2yith s chlogding aper. of two
coor dinat e gxygen. atoms, and 310(4) i the punber pf. 4 ceordinate oxygen
suitable solvent. The solid oxide can be treated with a chloriding agent during the
calcining step. Any chloriding agent capable of serving as a source of chloride and
thoroughly contacting the oxide during the calcining step can be used, such as SiCly,
10 SiMe,Cl,, TiCly, BCl;, and the like, including mixtures thereof. Volatile organic
chloriding agents can be used. Examples of suitable volatile organic chloriding
agents include, but are not limited to, certain freons, perchlorobenzene,
chloromethane, dichloromethane, chloroform, carbon tetrachloride, trichloroethanol,
and the like, or any combination thereof. Gaseous hydrogen chloride or chlorine itself
15 also can be used with the solid oxide during calcining. One convenient method of
contacting the oxide with the chloriding agent is to vaporize a chloriding agent into a
gas stream used to fluidize the solid oxide during calcination.
The amount of fluoride or chloride ion present before calcining the solid oxide
generally is from about 1 to about 50% by weight, where the weight percent is based
20  on the weight of the solid oxide, for example, silica-alumina, before calcining.
According to another aspect of this invention, the amount of fluoride or chloride ion
present before calcining the solid oxide is from about 1 to about 25% by weight, and
according to another aspect of this invention, from about 2 to about 20% by weight.
According to yet another aspect of this invention, the amount of fluoride or chloride
25  ion present before calcining the solid oxide is from about 4 to about 10% by weight.
Once impregnated with halide, the halided oxide can be dried by any suitable method
including, but not limited to, suction filtration followed by evaporation, drying under
vacuum, spray drying, and the like, although it is also possible to initiate the calcining
step immediately without drying the impregnated solid oxide.
30 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 pore volume is greater than about 0.8 cc/g, and according to another



Thus, al um noxanes which can be enployed in the catal yst conpositions of
the present invention are represented generally by formulas such as

(R- Al- 0) pyOR(0R/133408 Al-0) gAlR2, and the like. In these fPomrusb@s/o3zche R
group is typically a linear or branched G -C6 alkyl, such as nmethyl, ethyl,
propyl, butyl, pentyl, or hexyl. Exa I6es of al um noxane conpounds that can
be used in accordance with the present”i nvention include, but are not
limted to, methylal um noxane, ethyl al um noxane, n- 5 propyl al um noxane,

i s o-propyl al um noxane, n-butyl al um noxane, t-butylal um noxane,

sec- butyl al um noxane, iso-butylal um noxane, 1-pentyl al um noxane, 2-

pent yl al um moscdnd, thd ppeertt yihedntion, ngyxeerethan sbcpéritQ/Ice(gunFmtmartbq silica-

neopent yl al n t re

Met hyl al um %gilglﬁ el &F%@ﬂa E%mlrt%gaa%éea %%Xcefp%gg aEulfty al ungno’%é"ﬂredl e pr epar ed
from 10 t ramsﬂtehydpedttolﬁthmmerttwn ahdnyirﬁbuaremmrgreaw tlianiabsw 1260 yi*4l tdt,num
respectivel are referre olby(met hyl al um num oxi de),
ol et hyl. HaRP R ey e eSS B AgFoPE S im oxi de)
respectisely. | tThessildhatunvihd Biilived e tiRqe@entOihvdnlien iypiany hanat sl an

al um noxane in ¢ n with rial kyl al umi num such as that.di scl osed
in US. Pat%ﬂ’?fen °m4rLP§hgd%ab°W %cﬁ’p?éfr‘éi‘fl Y heper NP PRY ésrpéﬁc%fa ‘ithﬁ its
15entirety. invention, thd Hl@mﬁfa&%ﬁﬂéﬁt dfﬁN&ﬁﬁdaQil‘urﬁlﬂﬁlﬁsth ab®s sHeabouy 8ddess of p and
g in the al um noxane fornmnul as -0)p and R(R-Al-0)gAlR2, respectively.

I'n some aspBeP PO Ghdp ePat &0 ét alv@a@tbyswelglamévélpotheread@m. Hgh H8Biehow t he

or ganoal um axaNSilitSalRmeRadoBhoutds Vaf SmpRdd, U edhict AR Mahie BhteR @Nd g can
vary within a single sanple of 20 al um noxane, and such conbi nati ons of

or ganoal Uini heseaiilics-a4meing sompRarpilatyaira e raseer. from about Q0 tor diouk YMg & cat al yst

conposi ti ongGARbA} B59G0 Bbubd] o] aﬂﬁfﬁﬂ&‘&y whiaht. mcgirdmrg% %r& aﬁ&?thér%pek%fa' ol es
of aluminumin the alum noxane (or alum roxanes) he total nol es of

met al | ocenethisotpeniieny( g ﬁOhdt%@lecmm@@mnQ@ﬁlpirISGSg@n@malwhorqétsx}mana@bout 1: 10
and about 100, 000" éan!)tﬂﬁl‘gﬁg%cg_%gﬂﬁssgﬁgﬁtmnt & SQP(# BLid! 5hQonlot éoﬁ‘g@ls&ange from

about 25 5:1 to~about Opt I onal um noxane can added to a
pol yner i zat sibge wibwet dlummanges from about 0 01 ng/L to about 1000 ny/L, from

about 0 1 rrg/ L tﬁe%bﬁé{é%gb(i’lg 0”9!6'?01&18{)5 sfﬂg]teapn% so:i'ld {d% c&%p%gﬁ%”s c%o rrg/ L.

Organoaf um noxanes can I OUS proce

or ganoal um zrsoxlammapcvreq)bcraaeﬂmrmms, ar the cfmsm: Ioﬁsaephmcmldtb SothatCE)nbndugs the3 242, 099
and 30 4, 80 1..the di ure |ch re.i.nco orat herei n by
reference i ?‘ﬁg Oﬁldgﬁsttfﬁateﬁﬁt"%?—%w On Mﬁé@at 5 < (‘f e &y agegrod‘éq%l c sol vent
can be reacémtbristst H nxtul. aIAwbrﬂimgl taldny|as@01rr@©thﬁ®ressm0hveﬁiﬁor( Rb9 SAfhtedt 0 form

the desired or oal um. nox
SO?ld% {gle comprises sﬁ at

e anﬁ alumina. In some instances, the sulfated alumina is
20  formed by a process wherein the alumina is treated with a sulfate source, for example,
sulfuric acid or a sulfate salt such as ammonium sulfate. This process is generally
performed by forming a slurry of the alumina in a suitable solvent, such as alcohol or
water, in which the desired concentration of the sulfating agent has been added.
Suitable organic solvents include, but are not limited to, the one to three carbon

25  alcohols because of their volatility and low surface tension.
According to one aspect of this invention, the amount of sulfate ion present
before calcining is from about 0.5 to about 100 parts by weight sulfate ion to about
100 parts by weight solid oxide. According to another aspect of this invention, the
amount of sulfate ion present before calcining is from about 1 to about 50 parts by
30  weight sulfate ion to about 100 parts by weight solid oxide, and according to still

another aspect of this invention, from about 5 to about 30 parts by weight sulfate ion

to about 100 parts by weight solid oxide. These weight ratios are based on the weight



conpound. Wile not intending to be bound by this statenment, it is believed
that this synthetic nethod can afford a m xture of both |inear and cyclic
R- Al- 0 alwoiznoxasospeci es, both of which are enconpassedThig2a1i032610
invention. Alternatively, organoal um noxanes are prepared by reacting an

al um num al kyl conpound, such as 5 (Rg)3Al, with a hydrated salt, such as
hydr at ed copper sulfate, in an inert 3 gani ¢ sol vent.

ORGANOBORQON ORGANOBORATE COVPOUNDS Accordi ng to anot her aspect of the
present invention, the catal yst conposition can conprise an organoboron or
or ganobor ate conpound. Such conpounds include 10 neutral boron conpounds,
bor at e sal t &f, thasudidtolale bifoes, catmnigg nBinasampegsatedherteoffatéothe exléatgal axjde

f I uor oor gang, AQr g, GYMROUNNSARGEL YRS AALIBRKPRRALE (& QTR AL
cont enpl at ed. Xny fl'uoroorgano bor &hoor T 1'dor oor gano borate conpound
can be uti | fodesedbyt tvapdretigy, és@rgtundenvantungnprafFdaing, esd hé liké, ubhagh glano bor at e
conpounds thag§ can. iet .1? tualed in.thg presgn{?li nvention include, but are
not |imted®¢ ,Op?ﬁsﬂi’er PAYTEY a?rcfi]fl%s P S0 Yas N, N di met hyl ani | i ni um

t et r aki s{ pent af | Aebitpedyinober aipect &ft thp pesyhtciavdn@on, uiie activator-support

t et raki s(pent af.l uor ophenyl ) borate, lithiu . . . .

t et r aki s( peHtaft Jbriy H%ﬁ%q Pl st ié’,mHQ,SINB’i‘Sng% Hjt dRieptiqR gapprises an ion-

tetrakis[ 3, Schingtdbid f bdﬂi@ﬁt@flﬁIpENﬂt,) ﬂhﬁﬁd{h% beat®: limiheny | GRcRenidam
tetrakis[3,5-bis(trifluoronethyl)phenyl]borate, and the |ike, or m xtures
thereof 20 EREHSHHELRIGFOMNOUBISHS AT B EoRpdtthdstonHaterdafugieysed as

co- cat al yst ;i &ntdiuiBALERRLL I MY @Rbth&NashBE | JtdRis iR, SoMOkchbid¥hiied t o,
tris(pentafl uorophenyl ‘?l.boron, tris[3,5-bis(trifluoromethyl)phenyl]boron,
and t hel® i klayered alymiatogifieasest el avpillaed mlouy e notd 4Srﬂ06m@rrﬁ@p@0c5t8bé7v@/f@und by the
fol | owi ng tfeqkiic &heas-E¥FPb&RyREs fi }b%[&%aﬁlg&gleb&ﬁ%t&—ﬁﬁgor{|iﬂJ@arn00r gano
boron conpounds, and rel ated conpounds, are thought to 25 form

"weak| y- cooertiongllyi bgytreated onth sihlewst coptslasten-Wwith¢rawingagvimesugh asrthpsst al | ocene
conpounds, i AR OIS t.ent. 5 g i re of which
is incor por%?cé%eﬁglreg?ﬁd%@&rhe }Cgﬁgetﬁ?r%m?%%ﬂ%rﬁg ?@"’et"‘%&‘%&’gﬁﬁﬁ?ﬁtﬁ sﬁ%tl SO

cont enpl at etr¢ad wigheangflectpipontbdrawong abios- bor on, conpounds or ot her

bi functigonal co S ini r.e 0 t in e chem cal

ot ruct ure, - suoh Beom P aaafr kP bl S R RE e R il s

14756- 14768thist heeww@nt emiprvés whi cininesilsi howing erdbegtabler @tionsbynd éfyersence in
its entirety. ..45 . erall any .anount of organoboyon conpound can
beused. | AHBIUT 3G ctendneaepeaier ninr ARIR e P PR oP AT BT o "o ne
t ot al nol eslimftedrtgangbachdhgeabler Gadtab alahi@odlivipoundh ( ey iitm@oungs) to the
total noles Ef nﬁtﬁllloce‘ne cogpounds .in the catal yst conposition is in a
range from ABMED 19 fofmy SURRSELL'S 1500y It Rt aagapyto Be ColstUsthing® 1 he

f 1 uor oor@an@nRhan odthe chidgktQBMPadiGony BitahBerGO tRWIHsidgean &til¢ pan @bout 0.5
nol es to about 10 nol es of boron/ bagrate conpound per nole of netall ocene
conpounds (P&t°ARYst CuBpstinBnbecpuse 4rik) PEMaComRsHERR With the FBCtEigenst her

met al | ocenecggop@ind(s)). According to another aspect of this invention,

t he amount of fl uoroorgano boron or fluoroorgano borate conpound is from
about 0.8 nol es ASOTpaMthe aprscieef thf PBEPLRY BHPRtte denpaighds pethisnol e of
met al | ocene;,COpR YR pab M @iDCeifdNi CVREAMNRRC or that halDBed SR

invention further provides a catal yst conposition which can conprise an

i oni zi ngd i ovitle veremp s &y WaeHingolen zkeigngw Al pilledrg oiealls temclomperiglonpound

that can fupGlhdnaAfoRofllisGleHidiSdontyRis&UIR0 Gt hVE bBGT ibY bidhafea Wi Catal yst
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 simple salts, including, but not limited to, salts of
30  AI(III), Fe(Il), Fe(I1I), and Zn(IT) with ligands such as halide, acetate, sulfate, nitrate,

Or nitrite.



15 conposition. Wiile not intending to be bound by theory, it is believed
that the ionizing ionic conpound is capable of reacting with a netall ocene
conpound woadotions®pt i ng the netal |l ocene into one or nor @CTAIS2@NI082610

met al | ocene conpounds, or incipient cationic netall ocene conpounds. Again,
while not intending to be bound by thﬁgry, it is believed that the ionizing
i oni ¢ conpound can function as an ionirZzing 20 conpound by conpletely or
partially extracting an anionic |igand, possibly a nonal kadi enyl 1igand,
fromthe netall ocene. However, the ionizing ionic conpound is an activator
or co-catal yst regardl ess of whether it is ionizes the netall ocene,
abstracts a | i gahwoidmgatof @mHiconspast ¢fotht greseetninyvantiopathe actneakengpotthe
matal-liganﬁ % t n L,pl ¥ .coardi nat 0 j_gand, or
activates t Oélp p(r?rig a% &gégggﬂey@%%gﬁzﬁg{aﬁeg@ a%eé%‘és(r%flgémpe?er% Cfay n%ﬁérr’ta er, it is
not necessathyt hahabednhien exphamied gvithdage tgoeghle potynadtarVagldy theegatehahll ocene

conpound(s) only. The tivation function of the ioni.zing.onic conmpound
can’ beevi M eaE. SRR af Beb R T el L B G AS deRbioRe B whol e,
as conpa¥ edwhioh aarckdvalcy@bescaip asT-t, ivariodshpaly o oe&alivdds, SeindtBdrnar@didnOni zi ng

i oni ¢ 30 coppound. ... Exanmpl es of ionizing ionic conpounds include, but
are not |imt%d B e h@ilagng iy e ohp gl e sccianee nr-ef)‘iﬁ‘toi}r?’a i i

t et r aki s( p- &@hytokddy @ftions 6frd {18y Bedhl)ardfeplaced with large, highly charged ions,

ammoni unt et raki s(mtol yl)borate, tri(n-butyl)anmoni.untetrakis(2,4-

di met hyl phetifh)® Toregtielont.; j hesg pelymytiGrapfifing ire dtep drynobliged gyithin the

di met hyl phefydherQORHR, clhy lahd wWhidh XhLARIBR BoHveliddakl fetaB oRide Ppillfrs,”
(trlfluoronetéﬁkgr%{)phenyl‘]b orate,tri(n- ) )
but yI ) athonsftrstiedy stopeitipe the sty doeesh splympdibe srectues Idumenes hasy isni um

st et raki s( paidlaph thganat t%;p%dhleéiﬂ'hgg&ﬂf%hﬁg bl et &h CRK IS ER hObylahdQr at e, N, N-
di met hyl ani I'i ni um'tetraki s(2, 4-di met hyFphenyl)borate, "N, N-di met hyl ani | i ni um

tetrakis (3latt®e sjotae fymphieingll pvbhgtperosny N-ahansehy Fhhiosilnngiperese¢anaki s [ 3
,5-b is (trjfluor t.hyl e} AN o apd i a

t et r aki SE pe%gtr%#tﬁo opaﬂgr?%ﬁggbgg%/g%lgt?g t éf%ﬁ%l%ggﬁ%%%%&% gepgal%gﬂé C&ﬁ/ -to

| yl ) bor at e, mateiigheed) | Banipdasiofimlteeng akd sillind cla@t oclfgunidbn: T.J. Pinnavaia,

orate, triphgnylc eni i Ao di heny e,

tri pheng/% Ea?%yenﬁle 352 e@?%ﬂ ggg(?fl gl-g(gé?’fr]él}/[hﬁihgﬁéﬂaﬂ%ﬁ%gé? Ileﬁh%lg%‘e/hﬁ'car beni um
tetrakis [ 3Whittifdten grid Af Jagawsomeddiy IChpBeppy ISh99p0Aeddemicr Prosse el 8y 3¢ni um
tetrakis (pyenballi e QR8S9, s Faitheivo SORY: | 47 LA rRkh AR o' dbyka.or ate:

tropylium
the disclosures of which are incorporated herein by reference in their entirety.

The pillaring process utilizes clay minerals having exchangeable cations and

20  layers capable of expanding. Any pillared clay that can enhance the polymerization

of olefins in the catalyst composition of the present invention can be used. Therefore,

suitable clay minerals for pillaring include, but are not limited to, allophanes;

smectites, both dioctahedral (Al) and tri-octahedral (Mg) and derivatives thereof such

as montmorillonites (bentonites), nontronites, hectorites, or laponites; halloysites;

25  vermiculites; micas; fluoromicas; chlorites; mixed-layer clays; the fibrous clays

including but not limited to sepiolites, attapulgites, and palygorskites; a serpentine

clay; illite; laponite; saponite; and any combination thereof. In one aspect, the

pillared clay activator-support comprises bentonite or montmorillonite. The principal
component of bentonite is montmorillonite.

30 The pillared clay can be pretreated if desired. For example, a pillared

bentonite is pretreated by drying at about 300 °C under an inert atmosphere, typically

dry nitrogen, for about 3 hours, before being added to the polymerization reactor.



tetrakis(m

is (triflwoOrot1/133409

tolyl)borate, tropyliumtetrakis(2,4-dinethyl phenyl)borate,
tropylium 15tetrakis (3 ,5 -dinethyl phenyl)borate,tropyliuntetrakis [3 ,5-b
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nethyl)phenyl]borate,tropyliuntetrakis(pentafluorophenyl)borate,lithium
tetraki s(pent afl uorophenyl ) bor at e, &QlUﬁ]tetraphenylborate l'ithium

t et raki s(p-

wlw)bMMelmmumm kis (mto lyl)b

orate,lithiuntetrakis(2,4- dinmethylphenyl)b orate,lithiuntetrakis (3 ,5-

di met hyl phenyl )borate,lithium 20 tetrafluorob orate,

(pent af | uorophenyl )b orate, sodiumtetraphenyl borate, sodium
tetrakis(p-Abhy@ybmﬁ&m@ﬂmxodmﬂﬁnmmﬂsdkkébmmmxmwﬁmbowdweun@@ﬂbmh&ﬁetrakis

DY LPRERNE LBOEAL s o3RI L SHIRI B b Sin AR RALRAERY' ) O

(2,4 di met

orate, sodi u

Orat e, pot assi u

sodiumtetrakis

(pentafluormpMnmmbﬁbmnamgnHWGUm63nmmmmﬁtaﬁpﬁeﬂwﬂbmtamenmpm%dssamm1tetrakis

(p- 25 tol:
tetrakis(2,

I orate, otassiumtetraki s(mtol yl)borate, potassium
p y p

Thylphenyl)b orate, potassiumtetrakis (3 ,5-

di net hyl $)henyl ) bidicatgyat@rougsst ussd toeiremid lh@rcﬁlbl@ﬁtaioﬁ]podiiidﬂ@iotﬂ fhe present
t et r aki s( pent af | uor ophe |ithiumtetraphen nate l'ithium
t et raki s( p- PSFY} é‘ﬁ“hﬁ"l ?Pé%/bé‘ze%l‘?”m]?tﬁ%lfl‘&?%wg’?% iRl alPE\:‘H& {Bé‘t 9% t hi um
tetrakis (2iditedioneddmyck Pineidyhi} akided, pabphatbd fdidafict Xideaking ﬂﬁeShkeB m 30
dlnethylphenyl)alunlnate i t hi um tetrafl uoroal uninate, sodi

t et raki s( petheatsPeror YPRAINPYAT iicHAl dhat gintad ingidea SHe A nat L]ﬂm"ﬁétt%
tetrakis(p- glﬁ:&ayl kacalBluR@tae, aR@Fhdl Miitlid, a&hr@&mtqhygn)aﬁéumo%t ethofi®di UM

tetrakis(2,4

-di net hyl phenyl ) al um nat e,

sodi um

sodi umt & r a%P@PBP@SHh%tWIBW@righoyl“&atﬁ’msﬂlﬁ% -Htag g icoPFEEpiFAgd sibeOHPRA nat e,

pot assium t
t et raphenyl
tetrakis(m
tetrakis(2,

15

20

25

30

Rl BERENEAY YonheReMMhdalum nat e, potassi um

alum nate, potassiumtetrakis(p-tolyl)alumnate, potassium

t ol y|6@p(§1|1ﬁgn‘@t @othgmagg:gii gfnthe present invention, one or more of the
éet‘ﬂl&%ﬁé‘%o%&ﬂ%&k )&huﬂ;@ riS{ﬂécSﬁtacted 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
compound(s), 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.

According to yet another aspect of the present invention, one or more of the
metallocene compounds 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(s), olefin monomer, and activator-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.



pot assi unt etraki s(3,5- 5di net hyl phenyl )al um nate, potassium

tetrafl uoroalum nate, and the |ike, or conbinations thereof lonizing ionic
conpoundswogefw334om this invention are not limted to tkresaS2atazeiexanpl es
of i1onizing ionic conpounds are disclosed in U S. Patent Nos. 5,576,259 and
5,807,938, the disclosures of which ang i ncorporated herein by reference in
their entirety. 10 OLEFI N MONOVERS Unsaturated reactants that can be
enpl oyed with catal yst conpositions and pol ynmeri zation processes of this
invention typically include olefin conpounds having from2 to 30 carbon
atons per nol ecul e and having at | east one ol efinic double bond. This

i nvention e@B@ﬁ@&kﬁé@MW®th©®yﬂﬁﬁﬂiaﬁion processes using a single olefin
such 15 as et mﬂl%nl%? %pegt Oc%}%ly%p gdmp%%ltl\/\ﬁ &f tﬁg Plceggl(g '1%%'}% nzc%B Ic81{11P|r1

terpol yneri zati on, at | east
one d|fferemw(mhmﬁenmmn@Mmmmwndmnﬁnmdsx&mbkempmhmscasmunaﬂbueﬁhywene

copol yners, ol ynmers 1y contain a major anount of ethylene
(>50 nol e p%@ﬁ%ﬁ?(%gﬁ@u%ﬁﬁ?ﬂggﬂ%ﬁ%' ? of cononomer (<50 nol e percent),
though this is not a requirenent. CorRDwolers that can be 20 copolynerized

w th ethylen ten have from 3 to 2 rbon atons in r Gu

chai n. Eer%i\/d? ?Ibglpgﬁ 9 $TeuP BRiRE %rpai fo lﬁéﬁrﬁﬁoﬂg}m{say& F’WP@%% I | near,
branched, sgHa%tintdat )@Qﬂ?U@&@bsbu®UMQQA(ﬁumﬁmypnallzed and

non- functlonallzed ol efins can be enployed 1 n this invention. For exanple,

typi cal unsatur &8 BHISURBDU gompapndse YHE nehi Ped U HY s8alMe cat al yst
conposi ti On&anosmbﬁssdﬂsdibé@d‘hér@lﬂ c'm'i\ﬁlcli{é@ bul Be RE BmA&Y ol bothpRddd it hyl ene,
propylene -butene, 2-butene, 3-nethyl-1-butene, isobutylene, 1-pentene,

2- pent e, e %ﬁWHyI-I-pentene 4- et hyl - 1 pentene, 1 -hexene, 2-hexene, 3
-hexene, 3-ethyl-lhexene, 1-heptengx’Z2iX§ptene, 3-heptene, the four nornal
octenes (e.g., l-.octene), the four nornal Ronenes, the five nornal decenes,
and the | i keheroX'ni xhydreesrinf; X s apralkogge @bmeawfomdﬁe@éahﬂ@n@mhw@de Cyclic and
bi cyclic ol gf4i l.udi | ohexene,
norbornylen%hlﬁgi%%ggégseﬁgugagdﬁ?ﬁO&”ﬂhhﬁgeég%mggﬁg g€%%ﬁ€ﬁ%?ﬁ%§d as
descri bed abdwé»gﬁmymmhaubahSdh$OSbetbmpﬁbyedndsakthmdndkﬂlnmmhé 48
present i nv e 0 | ef i n;
alter na é|ve?eyra Oaﬁ(ﬁlgllo‘{] %lguﬁgdgl aikry%?bl arg{ %H%R qbaggl e’raﬁg% %e aln(at he oI efin
nmonomer is mclmb@sladirsabstltuted unsthemtefa bmphﬁdyhmar (aod/ o dteonah Iswtﬁshgu;eda
terpolyner)dls deS|red the ol efin nononmer can conprise, for exanple,
et hyl ene or ?8% Fgﬁé ‘which is copolynerized 5 with at |east one
conmononer . Accondbﬂ@mmandﬂhsa&pﬁ@&mgﬂh&hhgﬁbmwaﬁhb@m18bhﬁmﬂh&hhnmnnnoner in

t he polynerlz r SS_conpri ses hyl en n.this as t, exanpl es of
sui t abl & ol P S Bref PR o g b Al it T B O one.
1- but engp 2atoﬂayt B@eaxalaprenm &l bel m@hgtleam prsp}qblubmme@@rbulyl peRiaNe, 2 -p

ent ene, 3-net hﬁ pent ene, 4- -1 -pentene, 1-hexene, 2-hexene,
3- et hyl - 1- W& émi@eH@bﬁéﬁ%an%“%éﬁ?@ﬁgﬂwé”%eTO“ﬁ@bWEne 1- octene, 1-decene,

styrene, and theadchighg fa)rorfé%pécm%&‘Itﬁmﬁre;éaeﬁrﬁ@ﬁuoﬁcwr@laﬁmmld@r& aspect of
the present invention, the conononmer can conprise 1- butene, 1-pentene,

1- hexene, 1aoKidpeny Phgjeicwkieh hastfjaehio [orarbamatemmbihplider o iede o

another aspect of the present invention, X* is selected independently from fluorine
25  and chlorine. Yet, in another aspect, X* is chlorine.

In the formula, Al(X*)n(X")3m, 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.

30 Examples of organoaluminum compounds suitable for use in accordance with
the present invention include, but are not limited to, trialkylaluminum compounds,

dialkylaluminum halide compounds, dialkylaluminum alkoxide compounds,



General ly, the anpbunt of conononer introduced into a reactor zone to
produce the copolyner is fromabout 0.01 to about 50 wei ght percent of the
15 conmonowenobzsemoon the total wei ght of the nononer amlrdTaSEwINOBI0
Accordi ng to anot her aspect of the present invention, the anount of
conononer introduced into a reactor Z(i{l’le is fromabout 0.01 to about 40

wei ght percent conononer based on the'total weight of the nononmer and
conmononer. In still another aspect, the anount of conononer introduced into
a reactor zone is fromabout 0.1 to about 35 wei ght 20 percent conononer
based on the total weight of the nonomer and conononer. Yet, in another
aspect, t hedialkplahmimfm dydodo rempiuntly, ozhdc ednbimgtiong theeedt oSpedive nps f r om
about 0.5t bout 20 i ght. percent c F ?pse (ge t. ot wei ght of
t he nnnorrerﬁnéﬁ@gco%anmwrr%r. (\Rhi I%lél?aﬁ)%t iogg%ﬁglfqﬁlbnu 0 bée%ngjgﬂlth b)}&[hhles t heory,
wher e br anctieathyblibsinim(TRA), trikhytitunfionns t(TBA g ltii-pgolollddminsmaf®PAsed as

reactants, |t |S | i.eve a steric hin e . can i npede and/or slow
e pol yner robiR i SIECOVER B HyBlimdyR T ST iR MREgRf it e) of *the
ol efi n renonvecykmemmat Uiiebutyhdintaibonhekidoon ditohytdleminomd wiekide,not be
expected to hinder .the reaction in the t.hat the sanme olefin

subst i tuent%‘eih?’ {raraen shieradengngd eeort@\ﬁ’t%ﬁ@“%rﬂb%?ﬁfcar bon doubl e bond

mght. 30 Accordicigest@ in@tias Patdmmited HeheMo@ € PrechMNBAE aQRstalRkedceast one
nononer/reactant is ethylene, so the polynerizations are either a

honopol yner $3OPh Withvagl B2 BRRrne coppaRd and ancey) PRBOMS O 198 2wi th a

di fferent agyentdicd DYi&iubeC pridia FbM@dting Nt frebtactenikivkedth aPh@Rshed,
substituted, or unsubstituted olefin. In addition, the catalyst

conposi 1§ on®Ppert torform p itakysti cORPesdlionh Viiele FHalyH €omprsitiaBrs prapareshinof
diolefin CPMOHQ%H t?'ﬁﬂc&lw, NBou Huﬁot %Ees!sdril t£A614i8n ojf’tﬁé l%\’%?\flgdlﬁﬂﬁum' soprene,
1, 4-pent adi ene, and 1,5 -hexadi ene. 5 CATALYST COVPQSI TION The
present i nveamposrd arpldded te athal Rregongasieg oBixtite nandc gnethérn pergoe aefakhest
conponent | t I r hese
catal yat conpaiy kil EHRARER aditd wIRERRIcoh GRS mBOEeBipkiR Nien

honopol yner srecanopt ymetus:, isadtacthd with ke solifdorxide agaivitatspppdrt. eHdwerse

appl i cationg, t.C I | 0.di.scu e. In
aopect otbr et Bl FRTRR RSl AP Lo MGl g AR G SO
conponent | incéthec drt piccontatieg bh@astomeactieg aleh.ocshenaonypouhidharatblyst cat al yst
conponent 1l can %ontaiq g@ne tha% gne net al | ocene conpound. Additionally,
nore than oﬁ%q§8?1%%f8?lﬁvadnﬁﬁvg 8°Btilized. General |l y, catalyst

conposi ti ons of Rufer)mesethtin biy@gidcahntompeomuadcal ystised In citpdrent |,
cat al yst corgponent. I, hand at | east one\gﬁcti vat or . 1I n. aspect SH‘g‘I .the

i nvention, PRETECURELASICRISCAURTPEIEP AR B8 e YPInP A mPGHY! 18

acti vat o - SaIp@ it mulipleiswpt,hc SHARS dfSorgmedluhinuth doRoPiesisddised Rvet i on wer e
di scl osed abov Such catal yst conpositions can fb(grt her conprise one or

more than oﬁ@uger@a%%ham%mﬁ%%ﬁ%%@uwowaﬂlﬁmﬁ inbetly the Breeonscidnoal umi num
conmpounds  alRig 6 Ral SIEHEIT aParBRAVRbnal DRMSoaldmBahalodpbukionR&siot i on of
this invention can conprise catalyst conmponent |, catalyst conmponent |1, at
| east one a®Polstzaigppeior Birdefate. 1oh snoyheoloy gamalamiimenmnosPSound. For
instance, the dEElo&e%%éarcﬁé‘s@ o@&zhét}{él«ta%'iﬁ&él&@él{o%luﬁﬁﬂln?EHHiHo'uﬁ@oJ hierhged

alum na, chlorided alumna, brom ded alumna, sulfated alumna, fluorided
si | i ca- &t uninsareanplomingeigcogippindas asedmi na, bromi ded silica-al um na, sul fated
25 silica-a EM@O}JA}\‘I&?H}%@MD' ca-zirconia, chlorided silica-zirconia,
brom ded silicazirconia, sulfated silica-zirconia, fluorided

silica-titani a, Theuprsededvsitidnc Srthonpedided untatayst saghfpatiteh sibidhceancoat ed

al um na, ph silica-c d alumn nd.the I . Qr conpj nations
Fhereor AndRTRARE Ff ook e Opb et ATIAR por@iCnt Wi o Bin @ CHORTEL 002 e
tri met hyl al wrlumingxahe c@hpophdd, oompusiiont, mixtores 30 dpcepNpadiesyiagemiess of

tri-n-buytylal uni triisobutylal un tri-n-hexyl al um
ri n- oot Yl abUnT SR PSRRI PEPARD AeHy P lEa S QYR it AUt hoxi de,
di et hyl al ungamiyst chrhmsitide compdkiigdre dluki@oxade corapdrind 8in @gcpdnelie afhichO

aluminoxane is provided as the poly(hydrocarbyl aluminum oxide), or in which



I n anot her aspect of the present invention, a catalyst conposition is
provi ded which conprises catal yst conponent |, catal yst conponent II, at

| east onewacbiwv@dsp- support, and at | east one organoal urCmIse@eopund,
wherein this catalyst conposition is substantially free of alum noxanes,

or ganoboron or organoborate 5 conpou gs i oni zing ionic compounds, and/or
other simlar materials; aIternativelg substantially free of al um noxanes;
alternatively, substantially free or organoboron or organoborate conpounds;
or alternatively, substantially free of ionizing ionic conmpounds. In these
aspects, the catal yst conposition has catalyst activity, to be discussed
bel ow, in tH@nalbsalndepwwidtedtesélea;ddlbtriatmabf smatleminansalkf@omexendpind 2 a

cat al yst LQ t L opsi S entlaIIy
o cat al yst BBt Podly SRR R3RECAMEANAE FENSRRRYEREC . Mand
an organoalmﬂy@w&n@m@@@hnﬁumWMGd@DmwmgmoﬂhmnmnameriaIs are present in the
cat al yst conposi uld in reas e/ decrease t ti.vity of the
catalyet conpositieamebiudity SohiARERATS o prarrs nih Sl alef ui oy o
the cataj ysi sﬁﬁﬁﬁ@&lyﬂﬂo@ﬁbcbﬂtcdd@uﬂdbs@m thbughadngl soBt&rthalis subskbtidiywever, in
ot her aspects of .this inventio t hese ct|v rs/co catal ysts can be

enpl oyed. FOF & igsractanty. PiFRP @?SEB%BBQF??B Sﬁﬂﬁppgtﬁﬁpﬁétﬁtvf conmponent

|, catal yStTl@éﬁMﬁeB@mﬁdsmoﬁﬂ&n@ﬂ iR eid MakiRF isSdePRAEd bycaty fultitihelethe@npri se an
optional co: catal¥ Sui t abl e co- catalysts in this aspect i ncl ude, but are

not i ni ted fof gang by HIwaie. ARsEtNeE, the CHANYFOMBASIAM Briptdyesatce

conpounds, ?bgh@gﬂmg@kﬁmgpwg@ﬁpggﬂg§®h@@d the |like, or any conbination
t her eof Nbre han one co-catal yst can be present in the catal yst

conposi tf o The afyiigoxgne cepraypd g§ fesdpvengor gandheyagtoligomprissalemigym; s

provi ded \mt&tboqf;)@%oa9t1515§qﬁtttrestaetu?at 'cyatc%m%ulpaorot cagéugtfuame@tal yst
COh‘pOSI tion can co rise catal E‘/]‘St corrponent , ca al yS corrponent I, and
at | east on@ixgwey ofatlghree. \heliep ntlrweia@tcorr@asltdsewena&lmfwmtﬁr 25 conprises at

conpound, at |east one ionizing ionAt und, or conbinations thereof
In a particular aspect contenplate |here' the catal yst conposition is a
dual catal yst conposition conpr|S|n52an activator (one or nore than one),
only one catal yst conponent ansa- met al | ocene conpound and only one
catal yst cowpdpiadt in o ﬁotm‘&ﬁssa'd fsanlor Breashed cbbiree fredrl fonkt eaee®, the
catal ysis COHQ&]@JnHQﬂs%”m OPf6RS R2d, ea?é&nc@&ﬁas@é‘é b3V AliOtnveiny Be
ansa- net al | ocene conpound having fornula (1), and | y one ansa-netall ocene
conpound hatlR{ rrtoeﬂtmhoavn(here) alsomometrtutat theéwatntgtmﬂclatadmy@rtahenln@wpos| tion
can conprlse?gthkg &nﬁ@ﬁl Hﬁ§mnﬁ&hy one ansa-netal | ocene conpound
havi ng fornmu f? e ansa- net al | ocene conpound havi ng fornul a
(IrB). In these aspects onIy tmo met al | oceRe conpounds are present in the
catal yst conposition, i.e., ﬁf nponent | ansa-netal |l ocene
%@n I/1
et a

| east one al um noxane conpound, a;tleast one or ganoboron or organoborate

conpound and 5 one catal yst c nsa- net al | ocene conpound. It is
al so contenpl ated that a dual ocenél cR al yst conposition can contain
m nor anounts of an additional metallocene conpound(s), but this is not a
requi renent whahid r0en@isalolitulh fea dhak of BlaalntatalGPARASd FbAN ©AIY &@mI St
essentially of the aforenentioned two netall ocene conpounds, and in the
subst ant{ al »taBs At @ igm 1BRgeT AgE  iooatre ke srqoaPatied %%dﬁwaeon 10 wherein any
addi tional metalfRGenenHAARAHA SR a@@%ﬂhaﬁk§Q§Q£QQ&%ﬁﬁ§@fAh§baCt|V|ty
of the catal yst conposltlon by nore than about 10% from the cataIyst
activity of«Alp@rcabaripR iscotepaianltlingtr qrrbrqnﬁ@daqﬂgvé geeap dpvipg Eomddiot idonal

et al | Oceneca%ttiﬁpé??{ﬂ@%{ is a br1d %—mnéar' JVr: h&lnal glf{)rha% OHRRSSES10Met hods of
maki ng these cat al yst conpos ons, suc e , contacting the
respective el ajes; comc@ména@ i s QCElathb M(demo@rt scequelmljﬁen naie) is the The
et al | ogene, n | onpound
frontca?glys{ %Fﬂgﬁz%%ﬁyﬁﬂéghﬁliﬁg%%ﬂg (g)mfgggﬁﬁgcﬁﬁzk QB Ilalglratl&bleflnlc
nononer i f degmtadmsmodn@eeehsamnwyofhexmhmﬂewqmemanm to be pol yneri zed,
and an organoal ound ri.or t

cont acti ng thisuﬂé Inm“?ﬁ ?%ﬁﬁﬁ?§P8F31 Bﬁ aﬁeééawﬁ ﬁggnﬁﬁbﬁf The
first peri otle @festrit mﬁ/eﬁMn aondpastyted farcpile b9 fb@aillastsucteas (ReAhognR{he

nmet al | ocene conpound, the ol efinic nononmer, and the organoal um num conpound
typically ranges froma tine period of about 1 mnute to about 24 hours,
for exanple, from about 0.05 hours to about 1 hour. Precontact tines from
about 10 m nutes to about 30 m nutes are also enployed. Alternatively,




25 the precontacting process is carried out in nultiple steps, rather than
a single step, in which nultiple m xtures are prepared, each conprising a
di ff er entweebn1af33eat al yst conmponents. For exanple, at | eastustew/osmi@l yst
conponents are contacted formng a first mxture, followed by contacting
the first mxture with at | east one ot?er catal yst conmponent formng a
second m xture, and so forth. 30|\/Ll|ti6 e precontacting steps can be carried
out in a single vessel or in nmultiple vessels.Further, multiple
precontacting steps can be carried out in series (sequentially), in
parallel, or a conbination thereof For exanple, a first mxture of 52 two
cat al yst coApOnAiRs agdthchbike ofmthdsd formulis, rthe Rvgoselis, typicgskbc erlhes ot ur e
conpri si ng f i RSt m Xt ur n ﬁ%’ti I tal yst ;c ent can be
Formed i not pared CFCo B 8 oy 88, SRERYLBRE, rS A ELe “BIRAIET | Pl aced
downst r eam offalirhi@ofane stmmesdethat dan bangidhe pccasjpect witlothe pasemrventafn t he

cat al yst conponents, can be l.it. and ed.in different.precontacting
t reat nents. @896% diptte, n?)tarﬁﬁmif’fi go’cé?%“@%‘flmgl(%%%heﬁﬁyliﬁgmfn@éaqent12)' a first
pr econt att i mgpMelaseloxier priecgopddtuniigxaict h atbut@asihinoRencpt hebugat al yst

conponent, ile the remainder of that s .catal yst ¢ onent is fed into
a second prEEYHPEEE ?‘F@%‘r‘g’é ‘é‘PlnP’&ne’p‘P%'i?BtPiE‘gE’W‘ﬁ‘ﬁn% ]t'IPPng’ﬁawrgﬁg’fanS’n ' ot her

cat al yst copmengihino@dnel S fed digeg§laimihélage,t he rearbitylQimidot@ebi nati on

t hereof The precontacting can be 10carried out in any sujtabl e equi pnent,
such as tankoPerdylplpmingxarcy t ok s th arilGus &t atd nPRIRigetayi disscota f1ask, a
vessel of amhlyMRerinan& QIR 1NGAL&RSe, Ofhd SRy IARRMREMSare prepared FmaNOt her
aspect of this invention, the various catal yst conponents (for exanple,

cat al yst0 cofigstiwipuminupattastydelugiingb netrisebutddpmipsmer esngpipiht , and

or ganoal um QuimieRs GAL AlRERI: toBRA AR RLIhiAM YRRRT, WoRll &lyIMdhagar bon) are
15 contacted in the ‘pql ymeri zation reactor sinultaneously while the

pol yner i zat ¢ade)raad oplyoprbuty] pluodwetivnde), taipeeiveht ilvierlpo wathip thewsope ofor e of
these catal ysty SAMANGR! & ARTiBLuRTLEMMRRLED N Aul SRRGINRA A L0 ent eri ng
the reaction zone. I'S precontacting step can be continuous, 1nh which the
pr econt act etiatpdisdesed i §.5. ddtcobNbi AP0y itcorppraeedrieagn by reforenée incign be a

st epwi S¢. Orent?f%‘ttChWi se process in which a batch of precontacted 20 product
IS addedsto make a cat al yst conposition. This precontacting step can be
carried out overTha presant prémidn t dtatengdmesr amge alam af frewndegomdshet 0 as nuch

as several days, or onger_ I n.thi S b he continuous precontacting
step gener aﬂ?’émp’éaé]tesforﬂug%(%b%a@? ?Lndz%@é‘SEBSqél]gzb{)eﬁQ eC{EV% 3‘3.50?15 56t her
aspect, thepaadli dielati afir 2 coltvacd:] dgetdifp up@s héw flicosngakalimiddaseaonds to
about 45 m nutes, or from about m pute to about 30 25m nutes Once
the precont ¥eRae fioxdy ?‘é‘fn‘ésleg’atﬂﬁé(%]a? QEP apd HFBR ALY ‘T'I%}%Iazimg iRl Fnpound
and/ or g@t adiyGinoLARPAARAEHh dombiRtidhs| FGRARalGhiBbHaR e @O ESBImpl@&Therein.

or ganoal um num co-catal yst is contacted with the activator-support, this

conmposi tion (wi t/APIREILERGAHIGHCOPRPOSIHAN Sentaining a 2lumilossne) the S0l r30d t he

" post cont acgetle Rhext MbRs ‘of aRBhide iP et 4@RIhBLde FomMiitioRaRPf 100Makdtyl T enai ns
in contact for a second period of tine, the postcontact tine, prior to

initiating PAS pbmpfdlereatcoBRoyIdee d8 dhe myBRAsHiRg dt EenTahysbBrIREBALY he
precont act ed g 4408t RDDDHE IRGAINREYeeS HRRASIAT FENR"iRh kahek BEACLLLOM

25  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.

Organoaluminoxanes can be prepared by various procedures. Examples of

organoaluminoxane preparations are disclosed in U.S. Patent Nos. 3,242,099 and

30 4,808,561, the disclosures of which are incorporated herecin by reference in their

entirety. For example, water in an inert organic solvent can be reacted with an

aluminum alkyl compound, such as (R“);Al, to form the desired organoaluminoxane



53 about 1 mnute to about 24 hours. In a further aspect, the postcontact
time is in a range fromabout 0.05 hours to about 1 hour. The precontacting
step, thewpastiesatoacti ng step, or both, can increase thecCprusduaiosasiey of

t he pol yner as conpared to the sane catal yst conposition that is prepared
W t hout precontacting or 5 postcont a%é,i ng. However, neither a
precontacting step nor a postcontacti step is required. The
postcontacted m xture can be heated at a tenperature and for a tinme period
sufficient to all ow adsorption, inpregnation, or interaction of
precontacted m xture and the activator-support, such that a portion of the
conponent s afmpohed. Wﬂ)ilpn@dmnmctmg ®derhomndibyethissstatermaniiit is belikveddwothibed, or
deposited t ?@ e t xture
general ly |§’L {]mgttoc%ln 0%3?% tt‘JHrsee0 1%3(“8% ndhc 13%%61%?% %‘EIE ?I{oy about 150
F, or from sbawt, He&hFof owlad:iouatre O&icbinpassed by Aas:anvhnngntoﬁdmmaasqﬂgct of this

i nventi on, o of ¢ t conp cat al yst, conponent
1Tn the oS ers ek g SRR el PoriuR- ¥ &houe  z00: 1
to abouts 1: ®QALl withadiyderedaspeaich & g dweidghppdratifee, & dnninart roagege from
about 75:1 to about 1:75, from about 50:1 to about 1:50, or from about 30:1
to about 1:%0"°"et, in another aspect, the weight ratio of catalyst

conmponent |©RG§A@¢@®§©NKW@N@BDHATEOOMP@[Q@DS‘| yst conposition is in a
range fromabout 25:1 to about 1:25  For instance, the weight ratio can be
inarange fr om‘%ﬂ%@ﬂngzte anothey agpesiief th%re&enmvemwanﬁhaswvstfsmmosetepnabout

1:15, from ghQi tpiliga dn &Qatﬂ)lBQﬂéh ot ofddnotRkatd E&ﬂﬂcﬁﬁ&)u@ugh dontpBudRadiude: 5.

When a precontac step is used, the nolar ratio of the total noles of
ol efi n Hbnohafrak 'a)rtnbt:@mp%ﬁs@éw@fte britp addoBe hike.s9r Gombisgonsy Gersok aBeled mi xt ur e

is typicall ¥ hafdkahd @Hﬂoﬁ%ﬂfpo&nd%Oanh%mgané%w@é)gorﬂpou-ﬁ% afe ol es of

each conponent are use inthis ratio to account for aspects of this
i nvention mte@mde than one ol efi n nonomer and/or nore than one

et al | ocene is ﬁﬁ(&goégﬂloab(%f%P%%to}c%tﬂo %B%%bc f'lﬂo‘id?@%an boiggwl ar ratio

can be in a range f rom abBout to ab n anot her aspect of the
i nventi on. @#mérgirtsynt invratigwei @mnpimqfdluolfoowagtah@aﬂewmnpumdsmapcamrht to

activat P4 - SURRYL Ehe rP:%esFrllt 1nve'ﬁt19h {n%ﬁ'lgg b&{ an dﬂp?}fﬁted" 90 %lhgr?na%ta 'Ilyl bJOranooo

nore than one orga
acti vat or - smoh)aerN ém&myllan;lmmb,m tekra]ss(pattafhlorcg)hdﬂgzi;)bokamnmph@lyloatbamume| ght of
54 the

each respectjve co nent . anot

or ganoal umi ﬁh%l%%%ﬂ@pfl%l}’b atgel]t E?O?Q?EBQS??E?O\JJOR%H%)W 5%egeNﬁ\|fl om about
3:1to ab0u<ﬁ1m]3thgzﬁﬁ1,lmﬁllfn fotrakis[@[3auit(triflubron@tigbphiny ib&Eke, triphenyldafbesione as peCt S
of this inventi tio of nmetall ocene conpounds 0

cat al yst cotr‘?’d%lﬂggé bys lrﬁlﬂior(?g’Fg‘P'b@Tenﬁ%%%ﬁeﬁ? Iq% ehtkS QEt TUH Gy léeﬁ‘??%ort isin
a 5 range Emﬂml@hqutuoﬂooilgah@ ball@ﬁ%miaoﬂnd@%t Q0be lifedRrce-chiaBBts GNehe

activator-support is. enp this ratio i s based on the total weight of
the acti vatFSc8lpEation |lw?%otbﬁbrarea§ﬁbélemteémos R peiatl upa%bmﬁﬁmioﬁ a range

from about {5 $Bis@RIStordsthAPhORPboreh, dntl B 1BROSH mikivtQ thQedDAYhodsnl10, 000.

Yet, in another aspect, the weight ratio of the netallocene conpounds to
the acti vat et-IBigHspes o hesbqund Byt éélowrtgnﬂl%butﬂmf cxpmples ghBuaroargaoo.

borate and fluoroorgano boron compounds, and related compounds, are thought to
25  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.
30  Soc., 2005, 127, pp. 14756-14768, the content of which is incorporated herein by

reference in its entirety.



10 Catal yst conpositions of the present invention generally have a catal yst
activity greater than about 100 grans of polyethyl ene (honopol yner,

copol ynmerwoebtl/13348 t he context requires) per gram of aeCiustansosspport per
hour (abbreviated gP/ (gAS. hr)). In another aspect, the catalyst activity is
greater than about 150, greater than agout 200, or greater than about 250
gP/ (gAS. hr). In still another aspect, catalyst 15 conpositions of this
invention are characterized by having a catalyst activity greater than
about 500, greater than about 1000, or greater than about 2000 gP/ (gAS. hr).
Yet, in another aspect, the catalyst activity is greater than about 3000
gP/ (gAS. hr) . ThiGenaetly vdany pmogntre asganeltbremetarposhdicanybepotd, ndedorditg on

condi tions S e t p i i t enper at ure
o "about - 300randecs 1 St AR, kGGl #Ror B BuRBLILTRE AR, FTEE R (02
above, any mgarm})matelotompotﬁndt(bmomioalhds@memetocadmpmnﬂm{eﬂabasnenad:(mhgoandscorrponent
| and/or fromcat onent the to u rt,.the

or ganoal urt UK CORESIRASSARE ¢ ibe st ik gnohein R aROBESH: skt ed 1 n
some aspect sie @motiftios thert@idorgano bybe r amyromgacmurae tomgbuad asdss Woinh an
olefinic no 5 it is not necess at th olefln no used in

t he precont %’Sﬂ ¢16 m&f 8 theut Hemels; é?éon?[}%at%?oé’moﬁmf R | ‘9??@?‘10‘2%

Further, wh@mpuiisaeQiyacbmponeht ERaAFNGndNert ATRAN Aty GRerdhetiliRerzat al yst

corrponents is enployed for a first perlod of tinme, this precontacted

m xture cancBOHRK)i nASCUudiBg dfuERiNch FSREhRE Jbisi WyeX By e PREWH %y ot her
conbi nat i onfRfro&84m! Bstén SPMAGRERES bhteaconPoRRtHisPREh Abo@f 0.8 ii®es foOF

exanpl e, 30 one or nore netall ocene conpounds, the organoal um num conpound,
and 1- hé&entosshmples pishagor/bpraie gorapaynd aetmelg okmespligesie @nmoprds. peri od of
tinme, and tRGZRAGE€GORI@EHREPHTINDYre then can be contacted with the
activator-support to forma postcontacted 55 mixture that is contacted for
a second period gk prespat prviettont Guihey proatcieﬁgl edidysh olomperifiomtibinh eamact i on.

For exanpl e, r: r econt tinme,

bet ween any cdﬁn]b? ﬁgtl?%ﬁlﬂgflb@gé:g%& a Ioégnlgﬁlgfci} qglﬁjl%cf%ﬁo d g 2H'I ?Oﬁl ni c
mononer, thengotnd gabransiupgontas aadcatdlest 0o galroed thmanthvitycoﬁmbwaﬁdlystan be 5
from about bout fr ahput 3 out 1
nour or® t rSAPSEUNE PEn A, e i CoBTP Rkt e BME bl AT

m xt ure opt 100mmlgl1yn1c $ombb1mdael capnbteemﬁajemctmg widny amettallfooemea:ompomrddarmerl od of
tine, the post ¢ nt ged ‘%) tor t0|n|t|at|n Eaﬁ(g yrrerl t|on process.
Accordi ng to"% FCPhiI"E 1RV ShtTBh Ca%oélé &St a6t WB%“ &t Ween t he
pr econt act e@ciplext wlemandtaaﬂgené ecmapdmnmg A‘@irﬁkvjﬁﬂé n&@nt@ﬁiﬂglﬁ%ﬁb@uﬂdﬂayf rom about
1 minute to,about .24 hou r.om about hour .t o.about 1 hour.

PO VER ZATHERD Pieirated T B rAGE Rrie oo SHs FGRIENE B BSRRE  nvent i on
can ble medcdnq)og@d ﬁyrelbmﬁletew Ogﬁ‘ pﬁﬁaltg%;&@étmgmnm@ifwnynai p&9Bo yrﬂfeﬁsl .

terpol yners, an e |1kKe € suc 15 pro ss or polymerizing olefins in
t he presenc@kwfenaf%@fl%fmtheaﬁ%@mnieoﬁlowr © [PEEAPie RYBRRUYH Ponpr i ses
contacting fdaat6AsraloYcatalysPRPAGIE EvidhePit &NioREz&f hé mi¥RNSEMRE, BQthcRRL i onal |y
an ol efin conononer under pol ymerization conditions to produce an ol efin
pol yner, whigaaf fin ehigshieht a3 s for@cpio8| Rajre Weélﬁﬁbﬂhes@éta]clé%aaﬂ yond épihsonent |,
cat al yst COﬁP{Qf‘&@Ee sﬁmpl?r&goﬂﬁna{ﬁ%ta lf}ggﬁd At Ak Qr the GtkAYSE omRenent | 20
can conprise at |east one ansa-netal |'ocene conpound having fornula (1) or,
al t er nad vedther machanasst one ansa- et al | ocene conpound haV| ng formula (1A).
Cat al yst compon 1J i(C b & eng,conpound
havi ng fornul a ?Fll ¢ r gn‘rotqgggéas%ﬁgt y,t (gt 2a %tonﬁg&g@ %?ocene
conpound hamatﬁ@oqémer rminam(nld(SB)O.nl}I n Hecectdatioe fudihn ofethasivezingofoniche

i nvention, riz Q r t osition
corrprl si ng Ca poﬁl% %a eev%%ﬁt 1{;' tﬁ% egﬁ%t%gc‘ acﬁl%flt}& gip Ja%Y ?OH%H%TSI% 1¥ ?Is R%ast one
acti vator, arsheasrepamedt tueaactatdl}esas:torrmn@tum:thavaibw notonqnnamm ahizirgaghicone

acti vat g@}-sudglﬁ%ort This catal yst conposition can further conprise at | east
one org oaf Oﬁlﬂﬂ‘n conmpound. Suitabl e organoal um num conpounds can i ncl ude,
but are not |i mBxathpte,oftiviizieg Myiatompouudy inctudet thy laad uod iited to, the

tri-n-pr Opy%o?lloglrggmcjo%potulr‘l s: n_tri(n—butyl)ammonium tetrakis(p-tolyl)borate, tri(n-butyl)



30 butylalum num triisobutylalumnum tri-n-hexylal um num
tri-n-octylalum num diisobutylal um num hydride, diethylalum num et hoxi de,
di et hyl alwoinum3s4bori de, and the |ike, or any combi nat iPom/ush@n®sfc1bH6

I n accordance with anot her aspect of the invention, the polynerization
process enpl oys a catal yst conposition _conprising only one catal yst
conponent | ansanetal | ocene conpound ?p.e., a netal |l ocene conpound havi ng
either formula (1) or fornmula (1A)), only one catal yst conponent I
ansa-netal | ocene conmpound (i.e., a 5 netall ocene conpound having either
formula (11) or fornmula (11B)), at |east one activator-support, and at

| east one oxgapgaiumi rtetmakésdmpolyhbbrate, tri(i-hutplbaoncsmoe wittthakiséd,4-anot her
aspect of t .0 Qn. . the. pol i.zation Q Sy: I al yst
composi 1 ort sDREM B Ay B TR T R E MFR BFR Vong a
| east one agin-baybammediemei n tehekids, Stbédsifluonectigl)pheayiiforganpr i sgs 10 at

| east one al um noxane co und t .| east e_organ ron or.ar.ganobor ate
compound. A LgRHRe °F oRrRpeRem R mIBERE “or e SimRar S hE s cor
The cat & ystetrgigqpadihboens OfN,Na@Empthelegilihiubnv etrilkidimatoB boeendeN N-or any

ol efin pol ynerizatijon method. usi varj ous es of po. ri zation
reactors. ASMG¥EnHigpE n m’ﬁlﬁ‘l@r?@%ﬁ’f&'@’lpgﬁ“yﬂ)éé‘g or " N’ﬁif{"égtg%la%% jum

pol ymer i zat {e@ikif(®3ki@éth @pRab)sorat, UN-BRAyHVRMmiIZIE t@lRfs[3)5-PRAGMRLES and
conononers (one or nore than _one conononer) to produce honopol yners,

copol yner s, MeByprRicprorate, o niy Y-Ainethykagilingyg \ﬁ%ﬁquéﬁﬁléenf%%r§p]%ﬁlylr)@%%t?’or s

i ncl ude t hog@ndfbrbdBYmbe fcaheibhasiyheoras, @ RphedyideRatud! . ki €act or,
gas- phase reactor, solution reactor, high pressure reactor, tubular

r eact or 10 autob@baiae. r eact dFphearidarbeiBum ke, otetregldnBitrimetbylghanybbade. The

pol yrer | zatfifGRabehAns 1 Qlalie.s- A HAPAAYSG 8ROt OF uhkRERaRAME! | known

to those of ski inthe art. phase reactors may conprise fluidized bed

react ors ortestlagéd-tirdiriflronamgthybelayldbosate.S| urry r eact ofrighengicatbenipmi se
vertical or 3| i.gh r K JIBY. CO i:SE autocl ave
or tubul ar tre Egal%ét(éér?lg}fﬁ :?Qreogg%gﬁb?r%’es t@gﬁﬁ;ﬁ%cﬁﬁﬁﬁgﬁ ;ch}a) or %onﬂ% tljlgﬁls
processes. @guktis(matolydbprcesspdiugoutettakis@ 4idimethpiphdnghborate, ctamilinmous

product ;. 25 _di.schar Rroce my a | ncl ude Fad Ful |l direct
recycl elsof tﬁﬁzrlkelﬁgg‘? edg‘%%ﬂé%%ﬁgoﬁ%?’eact elctf %@glﬁ%lnorrer ,tagdﬁﬁﬁﬁ blg{nil%ue%rr& :

Pol ymer i zat methyhgasglthoray st erpyldim t hectpkagentafluicwgrhylgoragy dohippm se one

R T R B e T A

stages in afolyl@aste, t WO 1itld30ms e paeailés(pablytyBsrateat | ofithieact ortsrakis{24-connect ed

by a transfer device king it .possible.to_transfer the polyners resulting
fromthe fi&gie%ﬁfg’%?ﬂ?@g&fﬁti orlllthrl‘g'ﬁct c}?tr*\iﬂf(gs'flﬁléet é@ﬁﬂﬂ%ﬂéag%t ogﬁﬁl‘l“??e desired
pol ymer p@ at fc@afleaitdidid, ons kddi@ne of teirfi@s(p@@Fluorophd@yb&dtebe disbligment from
the operating condjtions @f t he gt her r)%act ors.. Alternativel

pol yrer i zat CBIPIORYIPRIFE sPEume ALRbEQ-Riy)OPAE) CadivEh SOy bR er of

pol yner frogmiame I eaghipdkistD4-aRISIIRMTRACE Or S afuntoNnt i Netellis(3,5-

pol ymeri zati on. Ml tl)%:)e react or ‘systens may i nclude any conbi nation

i ncl udi ng, dmethyphensiDipieid t codivm ti petelieporas. r egotarism nuidelgie gas
phase react Qf S rGAERBtkoN p%faséiﬂﬂpft@tﬂa?h%%o ,Sepoﬁa%ﬁﬁﬂlo[t%vraﬁg@-t' pl e high

pressure reactors, or ‘a conbination o gh pressure wth | oop and/or gas

phase réact©®hd)borfite pripssiupl eeradacmdplyDbrrgteh epodpyeipmt defrakiv(Bedimethyl§ n

parallel, of, ROt CetSlR%tel QP8 ARREAPL AL B e AR Rirafillfo-

pol yneri zat gn% eg(l_:t’gllfo s?y_st em 1158 ‘may cgﬁn%'rei%gg at ®) 1gaaftstl one rFo_oposl urry

react or conporitsi hthiwertetiagalpeoraflhgepheopaumingepthivb rgraphsnytilumieste,

catal yst, ang, GompnONEF, JRY.RRGRNT IRHANS! X Ladel 818l 808 SARhAR Wher &

pol yneri zation occurs. ral'ly,” conti nuous pr 0cesses may’ conprise the

_conti nuous ietlale_rism,télg:iﬁmﬁhylplﬁenybzimn’mm’ecormnorr?r litburgat al yst, tamltisge,ﬁi | uent

:)][“ o 2‘ug(gle%i5§1%ﬁ§/ﬁl)ﬁlér%%afu%?‘r?att8 iR e SN AR Sodi TN Bhis LM S reactor
phenyl)aluminate, sodium tetraphenylaluminate, sodium tetrakis(p-tolyl)aluminate,

sodium tetrakis(m-tolyl)aluminate, sodium tetrakis(2,4-dimethylphenyl)aluminate,



15 conprising polynmer particles and the diluent. Reactor effluent may be
flashed to renove the solid polyner fromthe liquids that conprise the

di | uent, woroner33@nd/ or conononer. Various technol ogi esPemyush@ 103mdo f or
this separation step including but not limted to, flashing that may

i ncl ude any conbi nati on of heat additi on and pressure reduction; separation
by cyclonic action in either a cycloné or hydrocycl one; 20or separation by
centrifugation. A typical slurry polynerization process (also known
as the particle formprocess) is disclosed, for exanple, 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, sdoim of tewhiigB, Sidmethylphqpuhdtmihateer esadivpy 1 efreflwnedurninatpt s
entirety. 2 it abl i S ed i rry . ri ion.include, but
are not i n‘? %Sf%csil u?‘o,t&{ q(és(érél%)%gllﬁ%r;d&heg?'h%u%%?tfh&q%z%ge%ggr%‘%f%%%%lry %é%n?lglg?fs that are
| i qui ds undgatassi@acttirakis(e-orgdunoinge, foxasiphesra@is(s-uolyditmindic] preastiemi ncl ude,

but are not |imted.to drocar bons such_as .propane, .cycl ohex ,
i sobut ane, #—r?’)lﬂ?(g’ﬁ'eqlm th}blg%tnéﬁag?ming%pent arPeO?aSﬂglgpent all"‘leér,a}élﬁnd n- Ej]ei'ane. Sone
| oop pol ynedimetilyiphenyl@Beting:)S poarsiat C utraBordaid@inateyl kndcondi tlikensomher e no

diluent is used. An exanple i.s pol ynerization qf propyl ene nononer as

di scl osed i #"Y! .UO‘Ffaﬁ’@PFPnPI\E%mZIBE 4‘?%‘:, §9APOYRs (’:‘FF%iﬂsmi tﬁ@o‘r‘lﬁﬂﬁnﬁ?éﬁe BY! ref erence
herein in ifksit@ol thedky oth&8examples of\eEi@AisH NPict @mpetn@NBE BRElo@gpeet.sof this

i nvention, the $§)I§yrreri zation reactor may conprise at | east one gas phase

reactor. Sutdic¥yetemy oy 2hpPORYR. bedtsriatieiot rdespareingerperaiet defstai ni ng one
or nore mMONRRESecOM thHasdy cycl ed through a fluidized bed in the
presence of the catal yst under polynerization conditions. A5 recycle
stream My QEEWME?\Somthe f1 ui di zed bed and recycl ed back into the
reactor. Sinult aREOUEkN RN R BAOGUEHIBRN B Whb RS @bolitionD 4dae 1 eact or
and new or fresh nmononer may be added to replace thé pol ynerized nononer.
Such gas phe@emerizaieropracaypy of hifpnyadon typrcae wslufle plefiy cempamdphayig- phase

pol ymeri zat fr?xﬂ 28h 38'c§rﬁgr8§tom Eer"}ﬁggéﬁleodnﬂfhwﬁ A 1€asP HYITBI i &bl hohfle gaseous
phase in at least two I ndependent gas-p ase pol'ymeri zat1 on zones while

f eedi ng a cEhialinysitionentaimiseg hgodpotencrizatromgdodessequding ssingoblefresichat i on zone

i 0. Fpr shPhER £ WbBREOIE el E RSy A SRR ASEEIR. ol i o' TS

i ncor por at egtaddipns edfiiey @ndefin mondnger eiithiar Bhyt ohedigierent dAefioe cdormgpuhd Bdri | |

anot her aspect of the inpvention, a high pressure 15 pol rizat.i on reactor
. compr; cgvmnfi s S RECERYER ¢ hef ikt BEPISECR . 58, B EFEH Poact or s
may have semegpabmzanes cifytme (50 sblcnpona@i®randianminodamosnt drcogdhahytst s ar e
added. anoggg) nﬁé be e ttLai ne .in an iner.t%l?ase S streamEand i.ntroduced
at one zone'of THe HFEEYY:ohoughnthis iienof & reguiremipty Somepames that,cap hey
conponepd S ¢opylyRRrigditwidi ABderdcrbf@n Gasefedts 336 PEadib@aNdomdintRdueedcdir anot her
zone of the reactor. The gas 20 streans may be interm xed for

pol ymer i zat8H: Heat and pressure nmay be enpl oyed appropriately to obtain
opti mal pol yneriZatii®BydRasdy Bl nelinki qaﬁl?mternal, lineaf\GERALKHINGILERuk@t anot her
aspect of the invention, the polymnerization reactor may conprise a sol ution
pol yner i zat MHRDS g Bﬂlcﬁhﬂ’éhéqdnaftd%@nrﬁﬁ%ﬁé%lﬂ%%ﬁw bgreapiypd dcthisd with t he
catal yst cofmpgriohi P& BYmpidl t"ygii@ill%n%ﬁrﬁt"eéi E‘&nﬁHun@sttﬁlﬁtrcaHE@ﬁchyméﬁz%ﬁ wafdl i er

conprising an inert organic uent or excess nononer may be enployed. |f
desi r ed25 t hitie gatalypteqompesib e rthigagveneorbimelyghtbut aretiee ligiatpd fo. sHakae.i nt o

contact vt foblienec BN HGRCH bl REBGHL isobfhy ke 105536008, Afengbsence of

liquid materi merization-zone 1S mainta eratures and
pressur es t hatethyi-lpentesu 4 methylt lhpenfene mbthixene.0?-hexeseol Irhéxsne,o¥-cthilel-pol yner in

a react | on pedlumcAght abign, I b, 3%, GTR AYSR LRn0bLal N RELL Py

tenperature contro to marrntarn aniform ri on m xtures
t hr oughout foaengolay nerenzs theofivez oorenal Adengsatel tediks, ar eixutred ofzea dror

di ssi pagj ng, L& eXRE RGHIT G CaY c1R an B B IRY SiERY' Atuding but not limited to,
cyclopentene, cyclohexene, norbornylene, norbornadiene, and the like, also can be

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



59 Pol ymeri zation reactors suitable for the present invention may
further conprise any conbination of at |east one raw material feed system
at | east woeofigBaogyst em f or catal yst or catal yst conpomemtts2oianszeas at

| east one pol ynmer recovery system Suitable reactor systens for the present
invention may further conprise 5 syst4 ms for feedstock purification,

catal yst storage and preparation, extrtision, reactor cooling, polyner
recovery, fractionation, recycle, storage, |oadout, |aboratory analysis,
and process control. Pol ynmeri zation conditions that are controlled
for efficiency and to provide desired polyner properties can include

t enper at ur eprepnemsentien. dneh tdpectctbaokhn mampmasis alB-Gb oledini digmatiedet ant s.

Pol yneri zat j gn rag u can.a .cat ti Vi ol yner

ol ecul ar vie? e TR SuGR O uREh e o PhaPhaR S b1

pol yneri zati on tWheenatopolgmernyorbeteaumyivtlgnpeeablymer)bs| dwir¢diahe olefin

de- pol yneri zati on teqperatq;e accg{d%ng to the. G bbg.ﬁree enerag equati on
Typi cal |y, DRI S&1 HaRe e Shesahlt cey™ee PP anddt: SB6" & Cpehvmelaitole, or
from abouit ®0h @& keast @BOWdmdnbbheE, Acdddidgpenas DgeddPbrhit e eitiopethefolefin

pol ymeri zation reactor. |In sone reactor S¥St%é( , tPe Polﬁ/rreri zation

t enper at ur eGRINET &1 11 PR MRFIEAHOR PEOCESSFGRPFISS SKI58%i 7S @siegt & ®90 C, or
from about FGufeti®cRh®ESm&ners include, butd AbinfteP & PEIpyREe Wi bdtend| 30 vary
according to the reactor and polynerization type. The pressure for |iquid
phase pol yn@i“r“‘fa%‘i“b’ﬂ’é’l‘il‘ﬁ’“ﬁn‘i”d%?ﬁ“%’l?&%tlol?enf%le’?yliﬁn{?&l?’l%mF‘B?é]sl‘P‘?@eth%n 1000
psig. Pressye@yfRped@s, PIR2GcPOVAEE] 23 HyRM hbfenbS UAkpt¥nca-RBRUE, 200 to 500
psig. H gh pressure polynerization in tubular or autoclave reactors is
gener al i@ r igpteae. dmstene.2d;dserret styrencogad pdieg likpopy raspibingtionsn theewét or s can
al so be opeiat@find b GneSHP&L OF itld Hrdlent RYLRIONOHE YohbRAS@tcalSBRpAL ¥ hi gher

t enperatures and pressures. Operation above the critical point of a

pressur e/ t epyiencat-nendendi kljexans. (1sesprae.drdaceneasty2se, phanyepmpeptign theteofadvant ages.
Aspects of this dauanl! 48 AhGudidSGhidoht. HheliRiPlly TRLIA! LR Rr ocesses
conprising contacting 'a catalyst conposition wth an ol efin nonomer and
optional | y mbdiceatht wmpelymkefs frooorbnorfe?l tndboutpdl weight patcenot dredi ti ons to
produce,an ol ef i ol r. The ol efi I e y .process can
have o Fati S Ero D Ris B e K sl by SRk TG Bl CSShY alfuifl @

al t er nat i vednpthet hgpedl e fthenprpehtymeentioanthéameura of admanonfer MaroNtcefi immaabout 3 to

about 8. In_addition,.or alternatiyvel the olefin 60 po r can have a
on- bi mrodtal e &4t B B3 it o it BopdVaREL e hn iBrer

di stri buti omtal betdht of theiioabmwm dnkd domofldraauSs edll hnvthidiaspebie tl@vimount of

Pol yreri zation pr ocessgs f. this invention. can be cggndugt e%tSi n the presence
of hydr ogenSOPREUGHOHRed e 4 Fctyr rsu TR APOU AL E 6p @PoH) PoVEEY aspect of
this 520 nvgsiédnOEumdnbicf Bdsbdodihe AnanRgen of thetth@okeiddeordRen®! Yoi t he

pol yneri zatjon process is controlled. This weight ratio can range fromO
ppm to about’ afe{%ewp%nﬁhwmﬁwr%geﬁl?n%%éﬁr%%%w@t%@ere@ﬁtﬁ BICHHEOD| ef i n
nmonomer . FofhouNekabGBouttdtewEiSRPefRht &mdnSRer bAEA 8n Qe YANRYMA of eheol ef i N
nononer can be controlled at a weight ratio which falls within a range from
0 ppm to ab®atonysend ¢manomebm about 5 ppmto about 5000

While not intending to be bound by this theory, where branched, substituted,

25  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-carbon double bond might.

30  According to one aspect of the present invention, at least one monomer/reactant is
ethylene, so the polymerizations are either a homopolymerization involving only

cthylene, or copolymerizations with a different acyclic, cyclic, terminal, internal,



10 ppm or from about 10 ppmto about 1000 ppm It is also

contenpl ated that nononmer, conononer (or conononers), and/or hydrogen can
be periodvoabiwyi3pwbsed to the reactor, for instance, inPaT®ANO3®iIM |ar to
that enployed in U S. Patent No. 5,739,220 and U.S. Patent Publication No.
2004/ 0059070, the disclosures of mhicg are incorporated herein by reference
in their 15entirety. In ethyle & pol yneri zations, the feed ratio of
hydrogen to et hyl ene nonomer, irrespective of cononomer(s) enpl oyed,
generally is controlled at a weight ratio within a range fromO ppmto
about 1000 ppm or from about 0.1 ppmto about 500 ppm but the specific
wei ght r at i lmeeargyeichednsubeipatad ulp(unswomutdésdwfmd pol gd«rltt'ronzwhermatelw&tl ar wei ght
or nelt ind Forg et . I C etc.)
havi ng a M?&é%p%m%ns 09 %%nn?l ? & yémuﬁgd raﬁlﬂ%%g %fon gfpt(ao g?hyl ene is
typically |¢an>oumtsgmcmdmgnbﬁt rmbitmnted abd)ﬁtbu'faﬁﬂ:nmpmprfﬁlﬂ,ch4-@mtadicme axanpl e,

f rom about f {?1 mto about 500 ppm or from about 10 ppmto about 300 ppm
The concent Fat 8? the reactants entering the polynerization reactor can
be 25 coHntcalhedySTaqvipdS@ONesi ns with certain physical and nmechani cal
properties. The oposed .end- use oduct that will be forned by the pol yner
resin and the rréiﬁ ST ARSI CPIRYS FRBUEE COMPRYITARTS e tagRe G& th ne the

desired pol ymgfongt Op@biaiyes c@nbnaitt 11i bad @8 leaMechaBiRAlor.Pr DRSS tch@Fsi Ncl ude
tensile, flexural, inpact, creep, stress rel axation, and hardness tests.

Physi cal prw&%#le@ Wctreuﬁélza%mwucenw wlefing— DRmeptymers GopRlYBEH ar wei ght

di stributi ofhg thEliltd NGr § 4RSS MMl Rise HPpASRiohd. a1}t EbpRABRET AUl Qere
tenperat ure melt of crystallization, density, st ereorggul arity, crack

gr owt h, 14 ongisergr boearie #FRegts Aty PREB lazgfinélalp, i £onewpBied ghat cetilyst Thi s

i nvent i on | Sonfofihtdi ESL b&faih Anord"HaL RGO TRASRESHe LdMEpaRRd %HE/% cE’t"aBzgtuced by
any of the polynerization processes disclosed herein. Articles of

manuf act ur ecasnengye LF esn peatamrmagre than @he metedlpcene spnpaiad. Ydditippdllyn@ps pr oduced

in accor dan&lﬁ ) Wt bl Salsole rbte'u‘ﬁﬂzedS PCLYMERS AND ARTI CLES If the
resul tant polynmer produced 'n accordance with the present invention is, for

exanpl e, a pol yrémesily copdysy vempeiticat Wltmpresant snvenigpecdnifgsc camlykie
char act f§ | zedy %X?n\{%r 'ag\ a&i%gg)x ?rfa a¥1$ G QUGR Aéﬂ%a‘%' aﬂldas§§$9 of Thet €

pol yolefin in fuf dcture can T or I 6m ‘and/or can
conpri se, tineermtoin,ytherm lpzu;t yonerasti@tormhrlciosrlﬁrim/enﬂeasmona/\,hmwetot ylmpoml
properties rovided b W. mer s of et co yrrers

er bol yrrer s ERr FDEaISA T ke BBRePrBEH T NP B Ao R 6 S6Hior al 1y
have a nel tcatdige xomp@itioab et fiBthdd cérprabauit oiﬁmrgﬂfha dﬂfbl’d)rgaﬂsfbdlﬁminﬂﬂhl ces in

the range from about 005%0 about 50 g/ 10 m n, %E{p bout .1 to about 30
g/ 10 min, of°"HORY SbHRPOHNY FEREEE9 YD “rﬁ“}Pou 0o e st ¥d i n 15

somne aSm?Ctﬁoo%) t hihgs,i f\vflysORomp&iticdX 3Nphi€, indenpod waﬁrcoafpnbéﬁeatary@tsent
invention can have a nelt index 1n a range from about 0.3 to about 10, from
about 0.5 tT9BEN Iscatdyst cPRReBbls 2i0est OBe apbaKr-auPgP LA 4 Jeast one " The

density of gLMdRABIRASEHPARLY NEESinRERSUGRaUBADDnb Q@tlmr%hl%&ﬁte% conpounds
di scl osed herein typically falls within the range from about 0.88 to about
comprise fluorided alumina, chlorided alumina, bromided alumina, sulfated alumina,
fluorided silica-alumina, chlorided silica-alumina, bromided silica-alumina, sulfated
25  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 therecof. Additionally, the at least one organoaluminum
compound can  comprise trimethylaluminum,  triethylaluminum,  tri-n-
30  propylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-

n-octylaluminum, diisobutylaluminum  hydride, diethylaluminum ethoxide,

diethylaluminum chloride, and the like, or combinations thercof.



20 0.97 g/cnB. In one aspect of this invention, the density of an ethyl ene
polymer is in a range fromabout 0.90 to about 0.95 g/cnB. Yet, in another
aspect, twe2dansB40y is in a range from about 0.91 to abear/ud2@4/0816anB, such
as, for exanple, fromabout 0.91 to about 0.93 g/cnB. Ethylene pol yners,
such as copol yners and terpol yners, mﬁbhin the scope of 25 the present

i nvention generally have a polydisperé ty index - a ratio of the

wei ght - aver age nol ecul ar wei ght (Md) to the nunber-average nol ecul ar wei ght
(M) - in arange fromabout 3 to about 8. In some aspects disclosed
herein, the ratio of MV Vn is in a range fromabout 3 to about 7.5, from
about 3 to aboutlnZpotheraspabolithe Present alpeationg aSatakyst donprsiaoistpr@vida about 6.

For instance,. f th ol [ n Owit hj range _from about 3
Fo about e hich PSmMNCY BBl DFBpBRY Mbiafi B iR T 4@ phERARALEOM 40
from about SipRort,0ambaut ledst 2pneororganostummont c8mpound, ableudin Sthis G2talyst The

ratio of M/ Mw f.or t.he $S%¥W§;§ of tgis.invention ften are i% a, range from
about 3 to ABYULUEY MEUPEHAY Joglr HYBIHANSE LB ORI HY, SRS s t he
wei ght - aver ageponidse tulzatg iokic gompolndscad@r dére eimliat haehiels asipettiyely,he Mz/ Mv

of the ethylene polynmers of . this invention is in ange from about 3 to
about 5.8, %“gétﬁ’i‘t%és eogalgmt“&x%{‘ﬁén?ﬁte@?%YeWWa B%J@tfr“@ Otg‘ GTEBERIOBO, £ rom
about 3 to @B@MbboRte? coporndgMmalaiatdelyd @baumitialy frét €CiORERBCRNM t h

anot her aspect, Me/Mvis in range fromabout 3 to about 4.8; alternatively,

from about @mRUEGoutn thess aspectse theagatahistt ompesifianalis fetalysh agtiyitypigte 4. 5. or
al ter nati vediyousdell BBlo@APAUKC Fhsénde @f BRAULddfoRal HeltdhAleNRr BRINPIELhSaeRK have, in
sonme aspects of this invention, a Mz within a 10 range from about 100, 000

t o about? 97®ngEtign Abthe PEgeN iBentigrosancepsiy|cssentiglyaf£pialyst copmondd It o about
900, 000, f r&'@lf’s@%ﬁlpgn%t GP0, ! QetRRGHLY o, QRO a9/ Bnoal@hinuf© %1@&9&1&, 175, 000
to about 800,000 g/nmol. Accordingly, the M of the ethylene polymer can be
Wi t hi n a r anbgiciirorplbooatepialy, WO Prasentabohe cFBlysooosion wiiclagpelkdt s of this
i nvention. | et e I . Of b Y Sl have a

nmol ecul ar %@f%%?g‘Fggﬁgf%ﬁﬁﬁffﬁﬁﬁiﬁﬁﬁﬁ?éﬁﬁ?ﬁg“ﬁépégﬁﬁ%@gﬁe.gk?&%

di stri but i oftom tirevetafisestinigt ofithyextadysh cghpasyioe cuthe pbsgreieglitaid onfponlent t hat
extends,;f o a nol.ecul ar .wej 0 10. 00 00 a/.nol The pol yners of
Ehi o nbont pon dran bt B e kaRae Yt iR o P eanyse i aer Mo ecur ar
wei ght di stbd buloyed. EAs exasgpde, henwlyst, cotmpositii cmaalsingroe@alyst ¢dngioner20, t here are
not two distiggyishable eabs in.the nol ecul ar wei ht.distr%b%Lion curve
(as det er m A& USTRE G o8 r%&éi‘f‘i%ahor‘c?ﬂl?p&%“ta%}3?‘31?%%@&)”8?’ "oPhey

recogni zed amaysyti Saitableechoatalyey .in Nbi3- bipgadalcludacbudes uni fdad to,
distributiogs,.mhere there is only one peak, Peaks alég are.not .

di sti ngui shABPEOREIe: B} e ORIRPPBERKY FTRANCRYTOTRPRPAS: {FAH O8iCst ri but i on
curve apg t&giRuhd, N BOUKSO WS aaddninalieh WREHDL.t MRrdBaksne colbatadfst &int her one
of the peaks is not considered as a distinguishable peak, or both peaks are
not consi dePyesslt Bithe RRGET CRPBHEOheaks. FIGS. 1-5 illustrate

representative b QedediBREUS Sdtal® baipostiontid provtiéPRhiEH IR Dot efuifchese
figures, there is a valley between the peaks, and theaagaks can be

separ at ed of! HEEBAHPRAE uchircalystcopiPREHe catsPBpiiteatalist ¢Pogs dr i but i on

I's charact egiARM a8piiNt NNt 1ERNLA 4 @S iHGRin #R ARSCHACHiVRLIN
conponent (or distribution) and an 1dentifiable | ow nolecular wel ght

conponeht (empgisestat idgsftoneppminorang epmpasd, at IFgsERie opgangboren| qg grgergberate

represent at éo\ﬁg)gFrﬁf' éttféa%qgkon%gggﬁ% %mﬁ@ling,% cglinﬁitngt&&g Eﬂe%f curves. These

i ncl ude uni no
In a particular aspect contemplated herein, the catalyst composition is a dual

catalyst composition comprising an activator (one or more than one), only one
catalyst component I ansa-metallocene compound, and only one catalyst component
30 1T ansa-metallocene compound. For instance, the catalyst composition can comprise
at least one activator, only one ansa-metallocene compound having formula (I), and

only one ansa-metallocene compound having formula (IT). Alternatively, the catalyst



63 nol ecul ar weight distributions as well as distribution curves containing
two peaks that cannot be easily distinguished, separated, or deconvol uted.
Et hyl ene wol29merss400e. g., copol yners) produced usi ng thePp®lUsa®Enio3mié on
processes and catal yst systens descri bed above have a reverse conononmer 5
di stribution. A reverse conononer distribution, as used herein, refers to a
pol ymer in which the higher mol ecul ar > i ght conponents of the polynmer have
hi gher conononer incorporation than the | ower nol ecul ar wei ght conponents.
General ly, there is increasing comononer incorporation with increasing

nmol ecul ar weight. Oten, the anpbunt of conononer incorporation at higher
nol ecul ar weingtesision scaaboerprik® a2 @36thiogheactivaser, 3095 hringhews- mehdh)cate | ower

ol ecul ar el 481 1AL REnBAREE! an 151 ATRUDL . Bl SOIRIQTRRLACAL BT 81 on at
hi gher nol ecul™ar werghts I's t hi gher t han a |"ower | ar

wei ghts. Anfotheln (HBar acthesel @pidctspdnlp ftwa nreelleccse coopmmasrae pmhssﬁtrm ﬁwt ion is

that the nu r . of rt chain br ) 00 to on at ons
is greater %.aW%f?ﬂ%ﬁ b Wiy (mf§Wﬁ d@FP|%W9§€ﬁ%I§§é C??ngpogha?ﬁ branchi ng
distribui oo\)e dafalypodoyipenst tifantshﬁlemle&ﬁat:ommemt [t @aleasonteenptdndlrtaataer i zed by
the ratio o heﬁﬂunber 0 SCBIP 1000 tot.al .carbon at%ns of..1 he pol ynmer
at D10 to t 8CNGC21 OB Ctb e IR ARG A e 1B yner  at
D90, i . f&RRbe D&ﬁbodnd(sﬁcﬁu athisD90)ot aDRQuirémdnearldDE@GHlIArthyvaiught  at
whi ch 90@6of the pol yner by wei ght has hi gher nol ecul ar wel ht and D10 20
i s the nol etAAY C%@P‘&Htonactan\ﬁﬁ? cygohadly of Q% F‘VH?EPO tW@I tlogepe hj gher
ol ecul ar  WejngfatindsDHY e fbfadhPadart of & AuaRRAIGRIENbcEMR Bhnfountid for a
nmol ecul ar wei ght distribution curve as a function of increasing |ogarithm
of the HbI evlgraip i thonﬁlnﬁlﬁ@@%eéﬁﬁ@@l)wftdh wored b decreagy/dacrrasgpies ent
i nventi on, ﬁn&ﬁ&meQEmﬁﬁﬁ ﬁbn%§n%ﬁ@ﬁknﬁﬁﬁ&@G%Gﬁﬁf@@%mﬁ?&%bnﬁﬁr 1000
t ot al carbon at'ons of e ynmer at th nunber of SCB per 1000
total car boof the @meéywomméltlp@lnytihepbsatcem@lewédliﬂﬂnaémewﬁg@ne eonr@Bdut 1.1 to
about 5. For in ngggﬁr o) nches
(SCB) per 1000 f%?gﬁﬁggﬁﬂgAﬁgﬁ%ngﬁg?bﬁﬁg poly ﬁ%r&ﬁﬁﬂgﬁg ?%gtﬁggﬁghber of
SCB per 100@niposigbnsc suchen, fat ovmnpds, col‘rtwlp@Itlgernesrpeettve[o@talytsa@nb@ntms @ range
f rom about u or fromabout 1.1 to about 3. Cenerally,
polynergydls %%%%89$gT%F% have 30 from about 1 to about 10 short chain
branches (SCB) peér ﬁ@@ﬂm&atabmpmnhoﬁomtonﬁyﬂtaﬁﬁmnmanﬁ‘mhnnmmypmealIy
varies wth the depsit t he pol r 64 Li kewi se, t SCBD of
ol yrer o of cpigusf B8Ry emeB LT punciinsarseroSEl bIE e o of ¢ he
nunber of S@Bnguet il d8Ged, aloaheceanbgnhabefia mrfnohiaewpbﬂ ymmelazted,[htﬁ 4n0 t he
nunber of SCB ( 1000 t ot al ?rbon atonsdofft E mer at D85, .i.e., (SCB
at D15) / (‘GEB°a copesunds T4 s Berifdart iBiCgRECa{O FATEFINESisof t he
pol yner 2@y l&emmgttti ohiR@rd Wwilh ed amh@ebdp@bnwﬂw Wik st patt;tt &kbnd ®rtheadipl ecul ar
wei ght at mhlch 15% of the pol y ght has hi gher nol ecul ar, wei ght .
D85 and D15M&PECHRIpS! dined Pgiagh qta;l OFHICRBEPOUS, iy el MERTTer e ght
di stributi ofe Qfgraﬂ&hltﬁﬁnﬁnfcblr%&dn@@ylﬁcfaH?M Qs'iﬁd)rﬁg tinRGRFibd Hinbeht 1t ol ecul ar
wei ght. In accordance with one aspec ﬁ present invention, a ratio of
t he nunmber ®©fabero4 haykmifer %ﬁ@ﬁ@h@@m@s@s)o (b%houthwbpbt hhowo PsegoB@Rt at ons of
the pol ymery@te fhR abbitl0GnitEPRY atBlt %uﬁ'é‘e"s alOAQ, &915165Led0614[1¥é%u%19”5 of the
polymer at D85 is in a range fromabout 1.1 to about For instance, the
rati o o5t hide pipepidpctiog paisesstis ediagdou immuhivte qt@@B)athpleﬂlall@(smgbcsteal incar bon
atons of t I u P 0, rbon
at ons of tﬂghggf%%QQGQﬁxﬁ%g2%§Rk%%e?nggﬁran n§ﬁ$§ﬁ§g]%ﬁtgﬁgﬁkggwgﬁout 3.5,
or frontaboumnmn@ﬁsoFQbﬁmmp@,8lmmﬁwmhm@bWEWHmmmgﬁpmbyn@a@mbﬁmnmgg i nvention
can be char v e nu r branches
(58 por 1BSbTPSHE RS Bt o oI el RS BRI, iy ot
t he nol ecul wmpmerglﬁctrrrmtg atsheoqdomymw amd@tforﬂs subst antially linear between

D85 and 15 FI 4-15 ustr tive f a Ilnear greSS|on
analyoi Uor a raupElpetadis e i eiSef iARa s oe it tunp ™o

measur ed dat@so SOt giutihe maéeatatidly wepghas. belvarrkal bat &t rsaiight |1 nes
in the plots are.the tren@ i nes fromthe |inear ra{n%Lee ijon .anal ysis of the
measur ed daS&TUeRHRYY b 4 Beralitls Ot fhoqnphingbion thercof. Fprex B e, R2 s
the correlation paranmeter for the trend line in each plot. For the purposes
of this disclosure, a polynmer resin will have a "substantially |inear"” SCBD
if alinear regression analysis results in a R2 of the trend



25 line for the neasured SCBD of greater than 0.8. Based on this
definition, FIG 14 is considered to have a substantially |Iinear SCBD using
| i near regoessi/eaoanal ysis (R2 is equal to about 0.97). PCw/usemtinast) FI G
15 does not have a substantially |inear SCBD based on |inear regression
analysis (R2 is equal to about 0.68). gn sone aspects of this invention, R2
can be greater than about 0.85, or gré ter than about 0.90, or greater

30t han about 0. 95. General ly, polymers of the present invention have
|l ow | evel s of long chain branching, with typically |less than about 0.05

| ong chain branches (LCB) per 1000 65 total carbon atons, but greater than
zero. |n sotwe @gpectanpontres canrbodornetl il CBryp eessd0DEcowt mixtwardoprisatgons i s

| ess t han h | t or |ess

t han about atglggffm tuir%éﬁgns)o?lée a@dhu&%?%'&talyg %F‘%&?}? i E’glﬁ?folafﬁ\gléiejn %S(r)lf%(sztan have

| ess t han abwsd oﬂln@G;@c;onHQSSSelthhlnh a;h;qutall@ p@ﬁ&i ddvessemhaﬂthaﬁmmesﬂzlom | ess
than 5 about 01006t §s than about t Qq ¢ %ﬁ 1000 to [i carbon
atons, in other gsang?r aSB?C i TAVE lb%caays Comp FroendeeRt Y and

non-limgi n@e&kﬁﬁﬁb@n@re@ﬁtaeﬁﬂy&@ﬁ&n@oIP;orr@;ranqﬂe, bl o4 esant comp@phti on can be

characterize on- bi npdal ul ar WEI ht .distributi X rati o of

MV Mh from ‘ég%fﬁ‘%m? Qét RipFontacHe Véssreg@if BYGB‘TntWE Ef‘blﬁ?sé%‘iﬁtg%‘ Cf‘tglyétbout 6: 10
and a rever&enfoaRNORRY théltehiaiddoiid i tRA .safdd OAtA1GS coXBERRhEI YedElhityd ®B&hdpol ymer
has a non- bi nodal nol ecul ar wei ght distrjbution; a ratio of MV Mah from

about 3 to RiBERachRe \aeswéfqrBres?ntwlps/wﬂhrabk%swth% RBIYAFOIPORIL ORE a rever se
conononer  digtdideByt ian the YiRhct@N OF Redonfdidanbe AR rdoe! Wii@rpréi*oﬁﬁ&ti}%e&n%r ein has a
non- bi nodal nol ecul ar wei ght distribution: a ratio of MvV Mh from about 3.2
to about0 5: caariqdagut & Y WHANGCIHRIATIL I5CR Bogks3strEdapis ks, BHiopndats r ever se
conononer dfn&tlﬂg &Vfcb@@ﬂa@ugK}e§s$1'o‘f'§ﬁ{t%é %?cd?ﬂ&ﬁ/d’t"%ﬁssoﬁhe%é’a arRe further
characterized by a M in & range from about 100 to about 975, 000 g/ nol,
and/ or a nelt i rdesnothar asneatng%ﬂflﬁ' dnicatingytthe variqus cattﬁdwt cgOpPeeny @rm, and/ or
a density f bo / / gr bout 0. 008
| ong chain %hegatﬁlg h@ ge?'gog tcoat?a Sgcggﬁg%&g{tjoﬁ’s Ll&l% y }% rlgm about 1
to 20 aboutoﬂg@log}m@nmurmh(aq wtdbysan@hdasomlsmby perullsta@l@mdotlezﬂrocab@@n agt ons at
D90, and{ or i r hes er 1000

t ot 4l ngl’ bo%o%t c%h 18(;3@ pr? éﬁne@]lzﬁb r?%r re%%tms u{ltaﬁ:e% ély w e d;}ol)(é%%B 21‘[10?1 1000
total car boma@.tonri&;pmteeﬂimg wdie;mBVelﬁtanm@o lonmarerca‘rﬂme fcat@lmtjcoﬂnpbnnn&bout 5,
and/or a ratig of the n rt tchaltn br é[g er thOO t ot al
carbon at on¥"3F PFI5antAg Y Ve%ﬁe fB”ErHlé %ﬁfﬁ%“ “8?“6 ‘S@ °P&F"*£000 t ot al
car bon at on®epofanteecopihupi®in aﬂnolaaﬁe pﬂécc&ltd’c&ﬂgﬁodubﬂmféd dontiucablgud tik, and/ or a
substanti al | Iinear%ﬁl%eot of .the nuH}éer of shor g)n br.anches q%lSCB) per
1000 total CA'HoR Af FORYRe YRR DECS 4N MRIER B DgicPiof R gAYt

mol ecul 2¢ V@wm i0hddel o PRIKY NEEatddIpdk \WBRPoIID. ankls @montﬁ’@ingrﬁeerp&aafbeet hyl ene,
whet her honop o?ﬂ?/rrers copol y terpolynmers, and 30 so forth, can be

For med i nt oSt ey A NGOG et 1R e (OB RS BHee AP SEEHRonpr i se
pol ymers of gQi 16d3¥e Nhit adpR&l the @ontbusafr&eoR@btidg Wapt RAerhi®y 1a@f fidgr 1 cul tur al
film an automobile part, a bottle, a drum a fiber or fabric, a food
packagi ng f#HoH brecombtochrvtal hay. Inmanogiseapertyihe SOHEPYs| RICCORtaptiig Stiapank, a
geomenbr aney,qa aRRUBSHOIdEAE & b8l 4PminuRE or ﬁ%n{”ﬁloq?ﬂn{?ﬁ@éj%c}bout%om‘f‘d' cal
device or material, a pipe, a sheet or tape, a toy, and the |ike. Various
processes camuse. errpl oyed to formthese articles. Non- I imting exanpl es of
these processes dne! oy kalieeluoRhkdbnd. chiow aahdhod. 1 nekajdanal S
nmol di ng, filmextrusion eet extrusion, profi tru5| on, thernoform ng,
and the | i kexmpadued tindfal katalysiddompangst elhdmmaﬂl@cfen@r Qleénerr@holecr., agded to
;?33&{)0;{?&% oaf?lm%u%?co £ Qi QVEAECRENGH &L ARl YIRE ALRGER B AbOr end-use
(with the addltlon of the activator-support) is termed the “postcontacted mixture.”

30  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



EXAMPLES The invention is further illustrated by the foll ow ng exanpl es,
which are not to 10 be construed in any way as inposing limtations to the
scope of wbie1v/i3g#nti on. Vari ous ot her aspects, enbodi meordaiS2om@sieicat i ons,
and equi val ents thereof which, after reading the description herein, may
suggest thenselves to one of ordinary _skill in the art w thout departing
fromthe spirit of the present i nvent Pon or the scope of the appended
clainms. 15Melt index (M, g/10 mn) was determ ned in accordance with ASTM
D1238 at 190 Cwith a 2,160 gram wei ght. Pol yner density was

determ ned in granms per cubic centinmeter (g/cnB) on a conpression nol ded
sarrpl e, coodtedt Amiabott alidit &4 hewrshdur, fudimd aspadithd pnednthgrtingboun a0 hour s

room ¢ eTRRLEHEE b CGHEARACS, ol ASTMEDIS0S AndnASTIY 20, DIRS,

procedure ar wei ght's and nolecul ar’ Wel Suti ons
wer e obt ai nlecdtousmaglgatepj_ormm %@nhe@h tHegpmapimc tntityr o tlcer;rommggcmmyeduni t

(Pol yrer orat ories benzen oI vent, with a
flow rate o e n%? a‘i@“, i\t“&‘pto%l %tur‘S pé“’rpa%ﬂ)&ho Hﬁ‘re"on taiing or
(2, 6-di -1 erpostoohtyidting: nIEdS\bBNlephleﬂlﬁHr)a Iﬁbcoatacﬁxrgcgtqi hat 4 post@htac@fy Qedisg/ L was

used as a stabr lizer in the TCB. An injection volunme of 200 nl, was used
with a nom H8Y"SSol ymer concentration of 1.5 ng/nl. Dissol utlon of the

sanpl e in stabiITheeshstoBa@B nfidiilel @d KRUhcaltY HeAtcnipgradire hbdEorf Okink hour s
wi t h occasi onal %entle agi tation, The colums used were three PLgeI M xed

A LS col urmReriod sgitsesninty alory adeoyiiona fmppenaden. \irt RCECHLH §f Prepomiagted
pol yet hyl engjgirangdarde @E%liua{drls@pﬁ)oao SO !hwﬁrﬁort%'ﬂBoﬁ%?aonfp@ﬁen%bp et he

nmol ecul ar wei ght had been deter m ned Short chai n branching
di stri bifl i opfe¢ontzBoyl nyxiuEs nasmebiizidn @féforb@ri Y dapesitedtieiom Yhetedwpiérat ur e

heated flo auriers,
D e CRohl 11 scrrlor by BRicohBRR Bihi shordly A3REEY RES (belite SPROLAT

al um na act baratenrabgui b e almwpl By d'doi fmrExlawpﬂ(bg ‘@abowt/éé °G prepared in

accordance with hef.ollovvrn c tewa t ai edfromWR
G ace onpany. ortEr T et SBET OF Ay RaR R Dtk CVE SR IECe o ea

of about 306brm1®hg1tartd catap@r mmmlnemﬁlmftmmatalystlc@npﬁs{ngn‘ganaaltyaisen|aaI was

obt ai ned. as a g v par icle size of about. 100 m crons.
Thie mater areb R o et FAAP DR el B Ve eBds "sol utt on
of anmoni unasgd fraﬂnelbbm 7501 toedpaad 1:2hdkdm 25%4 01 ftataBout RG0S offermLHbeutWaS t hen

pl aced in all owed to dr und r vacyum proxi pately 110 C
for about 1%JL ut1:50) dYetrB ABANY; FECH o © z&%@ﬁt %gipﬁ‘i‘eélﬁgaof this
powder ed M xidlys@ CM\{ﬂﬁ@eﬁﬂ BGRGhd Eutdyst cép d)sﬂti“dii iUt réndeUtddin fabbiit€d: Wot h a
sintered quartz disk at the bottom V\hrle t.he powder was suPPorted on the

di sk, air (#HoPrbdenfedpstase, é%@?lgmr%yan&reu%arweér&gsr%t 20:1 to about

20 1:20, from about 15:1 to about 1:15, from about 10:1 to about 1:10, or from about 5:1
to about 1:5.
When a precontacting step is used, the molar ratio of the total moles of olefin
monomer to total moles of 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
25 in this ratio to account for aspects of this invention where more than one olefin
monomer and/or more than one metallocene is employed in a precontacting step.
Further, this molar ratio can be in a range from about 10:1 to about 1,000:1 in another
aspect of the invention.
Generally, the weight ratio of organoaluminum compound to activator-support
30 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



15 through a 13X nol ecul ar sieve columm, was bl own upward through the disk
at the linear rate of about 1.6 to 1.8 standard cubic feet per hour. An

el ectric wornaes3@pound the quartz tube was then turnedPom/tsae 1052510
tenperature was raised at the rate of about 400 C per hour to the desired
cal cining tenperature of about 600 C. At this tenperature, the powder was
allowed to fluidize for about three hdlirs in the dry air. 20 Afterward, the
sul fated al um na activator-support was coll ected and stored under dry
nitrogen, and was used w thout exposure to the atnosphere. The

pol ymeri zation runs were conducted in a one-gallon (3.8-liter) stainless

st eel react e oggndabirhiows.cofpowid, tottiveactieaot-oppaas ipuarrgesd fwint hbavk 8rlogen and

then with i t v r 0, f IMtriisobutyl al um num (Tl BA),
100- 130 ngy %%Bglgqgﬁ)ﬁ%?%é‘i%q%ﬁfnﬂ%éo aabglflﬁ v%'or-support (SA), and the desired

anount of MET 1 landmonsph&id oPthissieecnitieh,ale voightshitielof meteBooofic ddatpoiindsnd MET 2)

were added j.n that order thr h.a charge por ile venting, isobutane
vapor - he a3l SponR s 38y SR RErBRGt 1 hBhioaRd kP d ddea.
The cont®ntsngf fribfeaboaatl ao aveutel: 5000,000d Hntorb edinechet @tivae8@pgort khen, 30-45
grams of 1-hexene re.adiﬁd i nt thﬁ re ct(f')r, 30 follomedo‘léy t he

i nt roduct i oMLYt N T8t SAREds e SuH YRR T (VAR oY e JAEEHE a fi xed
mass rati o mbédd, thie SRS rati@ istihe rateb Ylosn®ohit 10540 ablyelrogemonas fshaibes i N a
340-nL pressure vessel and added with the ethylene via_ an autonated feedi ng
system whi F'éV 16abquRd 180G Yebde paithesasrestythe Weightyatin ehhsapetaliocatss psig or

355 psi g byeduiuRATDIRGEH AR N QG s ki Ao wARGh o, The react or
was nai ntai ned and controlled at either 75 C or 80 C throughout the

30- mi nut® run tiGaRlet QERBOHBIY Nl theapictsat ysBirc ephsradlyi bve & Ksefelystobut ane
and et hyl eng.\ey Sre¥8Nth&fatohCMotdieind G3ekehylchd@omBAATRE lyRPeRed, and the
pol yrer prodltjl‘g?ygrvgst col I%‘gt ed %ﬁnd(??e . .EQAI\EIEESB(%?G rpﬁners" prooduced
usi ng Met al #sodenCONET 1equirRy) arer sl Phb @etvatavsTpRItVperalhpwe ébbravERd]l has t he

fol I ow ng Séﬁ/@tg‘ﬂrﬁ Iri]‘ Qnotﬁ[ef Es%ect,l\{%g gzltlﬂ?sq %&%itlgl/li:'s-rgrgatgqﬁar} a%%utf I%b,l gﬁg\gt&g

structure:
than about 200, or greater than about 250 gP/(gAS-hr). In still another aspect, catalyst

15  compositions of this invention are characterized by having a catalyst activity greater
than about 500, greater than about 1000, or greater than about 2000 gP/(gAS-hr). Yet,
in another aspect, the catalyst activity is greater than about 3000 gP/(gAS-hr). This
activity is measured under slurry polymerization conditions using isobutane as the
diluent, at a polymerization temperature of about 80°C and a reactor pressure of about

20 350 psig.

As discussed above, any combination of the metallocene compound from
catalyst component I and/or from catalyst component II, 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,

25 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 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,

30  one or more metallocene compounds, the 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



MET 1 and MET 2 can be prepared in accordance with any suitable nethod.
Representative techniques are described in U S. Patent Nos. 7,064,225 and
7,517, 939vorsth3wpscl osures of which are incorporated [ReraiSnoip3zeed er ence
in their entirety. The pol yneri zation conditions and resultant

pol ymer properties for Conparative Exsré’rpl es 1-3 are listed in Table I. The
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of the trengdyljne is equal to about 0.99. 15Table |I. Polynerization

Condi ti ons and Pol yner Properties of Exanples 1-3. Exanple Metall ocene Type
Met al | ocenePOLYMERIZATION PROCESS

Catalyst compositions of the present invention can be used to polymerize
olefins to form homopolymers, copolymers, terpolymers, and the like. One such
15  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 the catalyst composition comprises catalyst
component I, catalyst component II, and at least one activator. Catalyst component |
20 can comprise at least one amsa-metallocene compound having formula (I) or,
alternatively, at least one ansa-metallocene compound having formula (IA). Catalyst
component II can comprise at least one ansa-metallocene compound having formula

(IT) or, alternatively, at least one ansa-metallocene compound having formula (IIB).
In accordance with one aspect of the invention, the polymerization process
25  employs a catalyst composition comprising catalyst component I, catalyst component
I1, and at least one activator, wherein the at least one activator comprises at least one
activator-support.  This catalyst composition can further comprise at least one
organoaluminum compound. Suitable organoaluminum compounds can include, but
are not limited to, trimethylaluminum, triethylaluminum, tri-n-propylaluminum, tri-n-
30  butylaluminum, triisobutylaluminum, tri-n-hexylaluminum, tri-n-octylaluminum,
diisobutylaluminum hydride, dicthylaluminum ethoxide, diethylaluminum chloride,

and the like, or any combination thereof.
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In accordance with another aspect of the invention, the polymerization process
employs a catalyst composition comprising only one catalyst component 1 ansa-
metallocene compound (i.e., a metallocene compound having either formula (I) or
formula (IA)), only one catalyst component Il ansa-metallocene compound (i.e., a

5 metallocene compound having either formula (II) or formula (IIB)), at least one
activator-support, and at least one organoaluminum compound.

In accordance with yet another aspect of the invention, the polymerization
process employs a catalyst composition comprising catalyst component I, catalyst
component II, and at least one activator, wherein the at least one activator comprises

10 at least one aluminoxane compound, at least one organoboron or organoborate
compound, at least one ionizing ionic compound, or combinations thereof.

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

15  polymerizing olefin monomers and comonomers (one or more than one comonomer)
to produce homopolymers, 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

20  various reactor types are well known to those of skill in the art. Gas phase reactors
may comprise fluidized bed reactors or staged horizontal reactors. Slurry reactors
may comprise vertical or horizontal loops. High pressure reactors may comprise
autoclave or tubular reactors. Reactor types can include batch or continuous
processes.  Continuous processes could use intermittent or continuous product

25  discharge. Processes may also include partial or full direct recycle of unreacted
monomer, unreacted comonomer, and/or diluent.

Polymerization reactor systems of the present invention may comprise one
type of reactor in a system or multiple reactors of the same or different type.
Production of polymers in multiple reactors may include several stages in at least two

30  scparate polymerization reactors interconnected by a transfer device making it
possible to transfer the polymers resulting from the first polymerization reactor into

the second reactor. The desired polymerization conditions in one of the reactors may
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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 limited to, multiple loop

5 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

10  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

15  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;

20  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.

25 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

30  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.
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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

5  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 for multi-step gas-phase polymerization of
olefins, in which olefins are polymerized in the gaseous phase in at least two

10  independent gas-phase polymerization zones while feeding a catalyst-containing
polymer formed in a first polymerization zone to a second polymerization zone. One
type of gas phase reactor is disclosed in U.S. Patent Nos. 5,352,749, 4,588,790, and
5,436,304, cach of which is incorporated by reference in its entirety herein.
According to still another aspect of the invention, a high pressure
15  polymerization 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
20  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

25  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

30 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.
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Polymerization reactors suitable for the present invention may further
comprise any combination of at least one raw material feed system, at least one feed
system for catalyst or catalyst components, and/or at least one polymer recovery
system. Suitable reactor systems for the present invention may further comprise

5 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

10  of various reactants. Polymerization temperature can affect catalyst productivity,
polymer molecular weight, and molecular weight distribution. A suitable
polymerization temperature may be any temperature below the de-polymerization
temperature according to the Gibbs Free energy equation. Typically, this includes
from about 60 °C to about 280 °C, for example, or from about 60 °C to about 110 °C,

15  depending upon the type of polymerization reactor. In some reactor systems, the
polymerization temperature generally is within a range from about 70 °C to about 90
°C, or from about 75 °C to about 85 °C.

Suitable pressures will also vary according to the reactor and polymerization
type. The pressure for liquid phase polymerizations in a loop reactor is typically less

20  than 1000 psig. Pressure for gas phase polymerization is usually at about 200 to 500
psig. High pressure polymerization in tubular or autoclave reactors is generally run at
about 20,000 to 75,000 psig. Polymerization reactors can also be operated in a
supercritical region occurring at generally higher temperatures and pressures.
Operation above the critical point of a pressure/temperature diagram (supercritical

25  phase) may offer advantages.

Aspects of this invention are directed to olefin polymerization processes
comprising contacting a catalyst composition with an olefin monomer and optionally
at least one olefin comonomer under polymerization conditions to produce an olefin
polymer. The olefin polymer produced by the process can have a ratio of Mz/Mw

30  from about 3 to about 6. In addition, or alternatively, the olefin polymer can have a

ratio of Mw/Mn from about 3 to about 8 In addition, or alternatively, the olefin
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polymer can have a non-bimodal molecular weight distribution and/or a reverse
comonomer distribution, both of which will be discussed further below.

Polymerization processes of this invention can be conducted in the presence of
hydrogen, although this is not a requirement. According to one aspect of this

5  invention, the ratio of hydrogen to the olefin monomer in the polymerization process
is controlled. This weight ratio can range from O ppm to about 10,000 ppm of
hydrogen, based on the weight of the olefin monomer. For instance, the reactant or
feed ratio of hydrogen to olefin monomer can be controlled at a weight ratio which
falls within a range from O ppm to about 7500 ppm, from about 5 ppm to about 5000

10 ppm, or from about 10 ppm to about 1000 ppm.

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

15  entirety.

In ethylene polymerizations, the feed ratio of hydrogen to ethylene monomer,
irrespective of comonomer(s) employed, generally is controlled at a weight ratio
within a range from 0 ppm to about 1000 ppm, or from about 0.1 ppm to about 500
ppm, but the specific weight ratio target can depend upon the desired polymer

20  molecular weight or melt index (MI). For ethylene polymers (homopolymers,
copolymers, etc.) having a MI around 1 g/10 min, the weight ratio of hydrogen to
ethylene is typically in a range from O ppm to about 750 ppm, such as, for example,
from about 5 ppm to about 500 ppm, or from about 10 ppm to about 300 ppm.

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,

30  molecular weight distribution, melting 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

10 this invention, whose typical properties are provided below.

Polymers of ethylene (copolymers, terpolymers, etc.) produced in accordance
with this invention generally have a melt index from about 0.01 to about 100 g/10
min. Melt indices in the range from about 0.05 to about 50 g/10 min, from about 0.1
to about 30 g/10 min, or from about 0.3 to about 20 g/10 min, are contemplated in

15  some aspects of this invention. For example, a polymer of the present invention can
have a melt index in a range from about 0.3 to about 10, from about 0.5 to about 5, or
from about 0.5 to about 3 g/10 min.

The density of ethylene-based polymers produced using the metallocene
compounds disclosed herein typically falls within the range from about 0.88 to about

20  0.97 g/em’. In one aspect of this invention, the density of an ethylene polymer is in a
range from about 0.90 to about 0.95 g/cm’. Yet, in another aspect, the density is in a
range from about 0.91 to about 0.94 g/cm3 , such as, for example, from about 0.91 to
about 0.93 g/cm’.

Ethylene polymers, such as copolymers and terpolymers, within the scope of

25  the present invention generally have a polydispersity index — a ratio of the weight-
average molecular weight (Mw) to the number-average molecular weight (Mn) — in a
range from about 3 to about 8. In some aspects disclosed herein, the ratio of Mw/Mn
is in a range from about 3 to about 7.5, from about 3 to about 7, from about 3 to about
6.5, or from about 3 to about 6. For instance, the Mw/Mn of the polymer can be

30  within a range from about 3 to about 5.8, from about 3.1 to about 5.6, from about 3.1

to about 5.4, from about 3.2 to about 5.2, or from about 3.2 to about 5.
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The ratio of Mz/Mw for the polymers of this invention often are in a range
from about 3 to about 6. Mz is the z-average molecular weight, and Mw is the
weight-average molecular weight. In accordance with one aspect, the Mz/Mw of the
ethylene polymers of this invention is in a range from about 3 to about 5.8, from about

5 3 to about 5.6, from about 3 to about 5.4, from about 3 to about 5.2, or from about 3 to
about 5. In accordance with another aspect, Mz/Mw is in range from about 3 to about
4.8; alternatively, from about 3 to about 4.5; alternatively, from about 3.1 to about

4.5; or alternatively, from about 3.2 to about 4.5.
Ethylene polymers can have, in some aspects of this invention, a Mz within a
10 range from about 100,000 to about 975,000 g/mol, such as, for example, from about
125,000 to about 900,000, from about 150,000 to about 850,000 g/mol, or from about
175,000 to about 800,000 g/mol. Accordingly, the Mz of the ethylene polymer can be
within a range from about 200,000 to about 750,000 g/mol in aspects of this
invention. In other aspects, ethylene polymers of this invention have a molecular
15  weight distribution in which the molecular weight distribution curve does not have a
high molecular weight component that extends to a molecular weight above

10,000,000 g/mol.
The polymers of this invention also can be characterized as having a non-
bimodal molecular weight distribution. As used herein, "non-bimodal" means that
20  there are not two distinguishable peaks in the molecular weight distribution curve (as
determined using gel permeation chromatography (GPC) or other recognized
analytical technique). Non-bimodal includes unimodal distributions, where there is
only one peak. Peaks also are not distinguishable if there are two peaks in the
molecular weight distribution curve and there is no obvious valley between the peaks,
25  or ecither one of the peaks is not considered as a distinguishable peak, or both peaks
are not considered as distinguishable peaks. FIGS. 1-5 illustrate representative
bimodal molecular weight distribution curves. In these figures, there is a valley
between the peaks, and the peaks can be separated or deconvoluted. Often, a bimodal
molecular weight distribution is characterized as having an identifiable high
30  molecular weight component (or distribution) and an identifiable low molecular
weight component (or distribution). In contrast, FIGS. 6-11 illustrate representative

non-bimodal molecular weight distribution curves.  These include unimodal
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molecular weight distributions as well as distribution curves containing two peaks that
cannot be easily distinguished, separated, or deconvoluted.

Ethylene polymers (e.g., copolymers) produced using the polymerization

processes and catalyst systems described above have a reverse comonomer

5 distribution. A reverse comonomer distribution, as used herein, refers to a polymer in

which the higher molecular weight components of the polymer have higher

comonomer incorporation than the lower molecular weight components. Generally,

there is increasing comonomer incorporation with increasing molecular weight.

Often, the amount of comonomer incorporation at higher molecular weights is about

10 20% higher, or 30% higher, than at lower molecular weights. In one aspect, the
amount of comonomer incorporation at higher molecular weights is about 50% higher
than at lower molecular weights. Another characterization of a reverse comonomer
distribution is that the number of short chain branches (SCB) per 1000 total carbon
atoms is greater at Mw than at Mn.

15 In addition, the SCBD (short chain branching distribution) of polymers of the
present invention can be characterized by the ratio of the number of SCB per 1000
total carbon atoms of the polymer at D10 to the number of SCB per 1000 total carbon
atoms of the polymer at D90, i.e., (SCB at D10) / (SCB at D90). D90 is the molecular
weight at which 90% of the polymer by weight has higher molecular weight, and D10

20  is the molecular weight at which 10% of the polymer by weight has higher molecular
weight. D90 and D10 are depicted graphically in FIG. 12 for a molecular weight
distribution curve as a function of increasing logarithm of the molecular weight. In
accordance with one aspect of the present invention, a ratio of the number of short
chain branches (SCB) per 1000 total carbon atoms of the polymer at D10 to the

25  number of SCB per 1000 total carbon atoms of the polymer at D90 is in a range from
about 1.1 to about 5. For instance, the ratio of the number of short chain branches
(SCB) per 1000 total carbon atoms of the polymer at D10 to the number of SCB per
1000 total carbon atoms of the polymer at D90 can be in a range from about 1.1 to
about 4, or from about 1.1 to about 3. Generally, polymers disclosed herein have

30  from about I to about 10 short chain branches (SCB) per 1000 total carbon atoms at
D90, and this typically varies with the density of the polymer.
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Likewise, the SCBD of polymers of the present invention can be characterized
by the ratio of the number of SCB per 1000 total carbon atoms of the polymer at D15
to the number of SCB per 1000 total carbon atoms of the polymer at D&S5, i.e., (SCB
at D15) / (SCB at D85). DR&S5 is the molecular weight at which 85% of the polymer by

5 weight has higher molecular weight, and D15 is the molecular weight at which 15%
of the polymer by weight has higher molecular weight. D85 and D15 are depicted
graphically in FIG. 13 for a molecular weight distribution curve as a function of
increasing logarithm of the molecular weight. In accordance with one aspect of the
present invention, a ratio of the number of short chain branches (SCB) per 1000 total

10 carbon atoms of the polymer at D15 to the number of SCB per 1000 total carbon
atoms of the polymer at D85 is in a range from about 1.1 to about 4. For instance, the
ratio of the number of short chain branches (SCB) per 1000 total carbon atoms of the
polymer at D15 to the number of SCB per 1000 total carbon atoms of the polymer at
D85 can be in a range from about 1.1 to about 3.5, or from about 1.1 to about 2.5.

15 Moreover, the polymers of this invention can be characterized as having a plot
of the number of short chain branches (SCB) per 1000 total carbon atoms of the
polymer versus the logarithm of the molecular weight of the polymer that is
substantially linear between D85 and D15. FIGS. 14-15 are illustrative examples of a
linear regression analysis for a respective SCBD. Triangles in the plots represent

20  measured data of SCB at given molecular weights. The solid straight lines in the
plots are the trend lines from the linear regression analysis of the measured data. The
equations in the plots are for the trend lines. R’ is the correlation parameter for the
trend line in each plot. For the purposes of this disclosure, a polymer resin will have a
"substantially linear" SCBD if a linear regression analysis results in a R* of the trend

25  line for the measured SCBD of greater than 0.8. Based on this definition, FIG. 14 is
considered to have a substantially linear SCBD using linear regression analysis (R is
equal to about 0.97). In contrast, FIG. 15 does not have a substantially lincar SCBD
based on linear regression analysis (R is equal to about 0.68). In some aspects of this
invention, R? can be greater than about 0.85, or greater than about 0.90, or greater

30  than about 0.95.

Generally, polymers of the present invention have low levels of long chain

branching, with typically less than about 0.05 long chain branches (LCB) per 1000
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0.02, or less than about 0.01. Furthermore, polymers of the present invention can
have less than about 0.009, less than about 0.008, less than about 0.007, less than
5 about 0.006, or less than about 0.005 LCB per 1000 total carbon atoms, in other
aspects of this invention.

An illustrative and non-limiting example of an ethylene polymer of the present
invention can be characterized by a non-bimodal molecular weight distribution; a
ratio of Mw/Mn from about 3 to about 8; a ratio of Mz/Mw from about 3 to about 6;
10  and a reverse comonomer distribution. Another exemplary ethylene polymer has a
non-bimodal molecular weight distribution; a ratio of Mw/Mn from about 3 to about
6; a ratio of Mz/Mw from about 3 to about 5; and a reverse comonomer distribution.
Yet another ethylene polymer disclosed herein has a non-bimodal molecular weight
distribution; a ratio of Mw/Mn from about 3.2 to about 5; a ratio of Mz/Mw from
15 about 3 to about 4.5; and a reverse comonomer distribution. Such illustrative
polymers also may be further characterized by a Mz in a range from about 100,000 to
about 975,000 g/mol, and/or a melt index in a range from about 0.1 to about 30 g/10
min, and/or a density from about 0.90 to about 0.95 g/cm®, and/or less than about
0.008 long chain branches (LCB) per 1000 total carbon atoms, and/or from about 1 to
20  about 10 short chain branches (SCB) per 1000 total carbon atoms at D90, and/or a
ratio of the number of short chain branches (SCB) per 1000 total carbon atoms of the
polymer at D10 to the number of SCB per 1000 total carbon atoms of the polymer at
D90 in a range from 1.1 to about 5, and/or a ratio of the number of short chain
branches (SCB) per 1000 total carbon atoms of the polymer at D15 to the number of
25  SCB per 1000 total carbon atoms of the polymer at D85 in a range from 1.1 to about
4, and/or a substantially linear plot of the number of short chain branches (SCB) per
1000 total carbon atoms of the polymer versus the logarithm of the molecular weight

of the polymer between D90 and D10.
Polymers of cthylene, whether homopolymers, copolymers, terpolymers, and
30 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
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31,800 118, 300 264, 700
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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
5 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
10  be construed in any way as imposing limitations to the scope of this invention.
Various other aspects, embodiments, modifications, and equivalents thercof 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.
15 Melt index (M1, g/10 min) was determined in accordance with ASTM D1238
at 190 °C with a 2,160 gram weight.

Polymer density was determined in grams per cubic centimeter (g/cm’) on a
compression molded sample, cooled at about 15 °C per hour, and conditioned for
about 40 hours at room temperature in accordance with ASTM DI1505 and ASTM

20  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 (2,6-di-tert-butyl-4-methylphenol) at a concentration of

25 0.5 g/ 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 (Phillips

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



3.7 2.2 - Notes on Table Ill: - M and Density are nom nal properties
taken from product literature on the specific resin grades 20 71 CLAIM
1An ol ef iwopollyisespzati on process, the process conpri si rgT/US2011/030mt act i ng
a catal yst conposition with an olefin nonomer and optionally at |east one
ol efin comononer under pol ynerization _conditions to produce an olefin

5pol yner, wherein the catal yst conposp?ion conpri ses catal yst conponent I,
catal yst conmponent |1, and at |east one activator, wherein: cat al yst
conponent | conprises at | east one ansa-netal |l ocene conpound havi ng fornul a

(r):

Short chain branching distribution (SCBD) data was obtained using a SEC-
FTIR high temperature heated flow cell (Polymer Laboratories) as described by P.J.
DesLauriers, D.C. Rohlfing, and E.T. Hsich, Polymer, 43, 159 (2002).

The sulfated alumina activator-support employed in Examples 1-6 was

5 prepared in accordance with the following procedure. Bohemite was obtained from
W.R. Grace Company under the designation “Alumina A” and having a surface arca
of about 300 m%/g and a pore volume of about 1.3 mL/g. This material was obtained
as a powder having an average particle size of about 100 microns. This material was
impregnated to incipient wetness with an aqueous solution of ammonium sulfate to

10 equal about 15% sulfate. This mixture was then placed in a flat pan and allowed to
dry under vacuum at approximately 110 °C for about 16 hours.

To calcine the support, about 10 grams of this powdered mixture were placed
in a 1.75-inch quartz tube fitted with a sintered quartz disk at the bottom. While the
powder was supported on the disk, air (nitrogen can be substituted) dried by passing

15  through a 13X molecular sieve column, was blown upward through the disk at the
linear rate of about 1.6 to 1.8 standard cubic feet per hour. An electric furnace around
the quartz tube was then turned on and the temperature was raised at the rate of about
400 °C per hour to the desired calcining temperature of about 600 °C. At this
temperature, the powder was allowed to fluidize for about three hours in the dry air.

20  Afterward, the sulfated alumina activator-support was collected and stored under dry
nitrogen, and was used without exposure to the atmosphere.

The polymerization runs were conducted in a one-gallon (3.8-liter) stainless
steel reactor as follows. First, the reactor was purged with nitrogen and then with
isobutane vapor. About 0.5 mL of IM triisobutylaluminum (TIBA), 100-130 mg of

25  sulfated alumina activator-support (SA), and the desired amount of MET 1 and/or
MET 2 (see below for structures of MET 1 and MET 2) were added in that order
through a charge port while venting isobutane vapor. The charge port was closed and
1.8-2.0 L of isobutane were added. The contents of the reactor were stirred and
heated to 75-80 °C. Then, 30-45 grams of 1-hexene were added into the reactor,

30  followed by the introduction of ethylene and hydrogen, with the hydrogen added at a
fixed mass ratio with respect to the ethylene flow. Hydrogen was stored in a 340-mL

pressure vessel and added with the ethylene via an automated feeding system, while



MAis Ti, Zr, or Hf; X1A and X2A are independently F, d; Br; I;
nmet hyl ; benzyl; phenyl; H BH4; OBR2 or 503R, wherein Ris an al kyl or aryl
group hawogoupi3s®m918 carbon atons; or a hydrocar byl oxi #eTgrsoup/035%10
hydr ocar byl am no group, or a hydrocarbylsilyl group, 15 any of which having
up to 18 carbon atonms; EAis Cor Si; A are independently H, a
hydr ocar byl group having up to 18 car B8n atons, or RR2A are connected to a
forma cyclic or heterocyclic group having up to 18 carbon atons, wherein
RR2A are not aryl groups; 20R6A and R7A are independently H or a
hydr ocar byl group having up to 18 carbon atons; and CPA is a
cycl opent adihengthl, reaqtatemrydsyreovasfrhaintemnd bt Hropsg oodSaphebeticatansuddst i t ut ed
b étﬂ%ﬁeﬂ{ dro30Y; §¢’ua5te'a]dhﬁ%8$ ORe £ éoﬂ aéﬁl SB%%Q%H& é’ntlHll?({ at®,
hydr ocar byl droear b group havin ons;
25cat al yst @t:lmp%@cbr 01 °Cc1h11afpghoae1$1e a0-nlimas tunctmse ﬁnbapmhaizlam@e Aépanonpound
having for néjolrrzlaplét ion, the 1so§utane alf%ld ethylene were vented from the reactor, the reactor was

5  opened, and the polymer product was collected and dried.

EXAMPLES 1-6

Polymers produced using Metallocene MET 1 and/or Metallocene MET 2

Metallocene MET 1 has the following structure:

00

10
Metallocene MET 2 has the following structure:

oA P,

"¢ Z/Cl

/)

Ph

®\

MET 1 and MET 2 can be prepared in accordance with any suitable method.

Representative techniques are described in U.S. Patent Nos. 7,064,225 and 7,517,939,
15  the disclosures of which are incorporated herein by reference in their entirety.

The polymerization conditions and resultant polymer properties for
Comparative Examples 1-3 are listed in Table I. The polymerization conditions and
resultant polymer properties for Comparative Example 4 and Inventive Examples 5-6
are listed in Table II. The weight ratio of MET 1:MET 2 was about 20:1 in Example

20 5, and about 13:1 in Example 6.
As shown in Tables I-11, the Mz/Mw ratio for Examples 1-4 was less than 3.

In contrast, the Mz/Mw ratio for Examples 5-6 was greater than 3.



Rf/B R1 13---, EBmB- \------- , R2B\ /x2B CpB MB is Ti, Zr, or Hf; X1B and
X2B are independently F; C; Br; |; nethyl; benzyl; phenyl; H BH4; 5 OBR2
or S8R, wbhere/1334R9i s an al kyl or aryl group having up POTAB2@ankEm at ons;

or a hydrocarbyl oxi de group, a hydrocarbylam no group, or a

hydr ocar byl si |l yl group, any of which Bﬁ‘” ng up to 18 carbon atons; EBis C
or Si; Ri B and R2B are independently H or a hydrocarbyl group
having up to 18 10 carbon atons, wherein at |east one of RIB and R2B i s an
aryl group having up to 18 carbon atons; R6B and R213 are

| ndependently H or a hydrocarbyl group having up to 18 carbon atons; and
CpB i s a cycl opdiiGaditenipbtratdsnitie mydlgcudar Wdighsrdsiybutygno wp thopolamhet ¢ oat om

L5subet 1 RGBSR SR LD R gRen o 1
2. The pr ocewssightfdicti@ition. 1 FI@Grcemparehthe SaBaloytsht as @fpesod dixhe bgathmses at
| east of the molecular weight for the polymers of Examples 5-6, as well as providing a
5 respective linear regression analysis. The polymers of Examples 5-6 exhibit a reverse
comonomer distribution and, moreover, the SCBD of the polymers of Examples 5-6 is
substantially linear.
FIG. 18 illustrates a plot of the SCB content — the number of short chain
branches (SCB) per 1000 carbon atoms — as a function of the logarithm of the
10  molecular weight, and a linear regression analysis, for the polymer of Example 6.
Between D15 and D835, the plot of the number of short chain branches (SCB) per
1000 total carbon atoms of the polymer versus the logarithm of the molecular weight
of the polymer is substantially linear. Using linear regression analysis, the R” of the
trend line is equal to about 0.99.

15  Table I. Polymerization Conditions and Polymer Properties of Examples 1-3.

Example | Metallocene | Metallocene | 1-hexene | Hydrogen SA g PE
Type (ng) () (ng) (mg) | produced

1 MET 2 0.5 35 132 109 300

MET 2 0.38 45 120 130 207

3 MET 1 2 43 47 117 305

- Notes on Table I:
- Polymerization conditions: 355 psig pressure, 80 °C, 2 liters of isobutane

20 Table I (continued).
Example MI Density Mn Mw Mz Mw/Mn | Mz/Mw
(g/10 min) (g/ce) (g/mol) | (g/mol) | (g/mol)
1 2.0 0.9243 31,700 | 105,500 | 233,500 33 2.2
0.9 0.9156 41,900 | 142,500 | 387,200 3.4 2.7
3 1.3 0.9142 45,900 | 106,900 | 188,400 2.3 1.8
Table II. Polymerization Conditions and Polymer Properties of Examples 4-6.
Example | Metallocene | Metallocene | 1-hexene | Hj/ethylene SA g PE
Type (ng) () (ppm) (mg) | produced
4 MET 1 2 30 300 100 238
5 MET 1+2 2+0.1 30 300 100 233
6 MET 1+2 2+0.15 30 300 100 291
25 - Notes on Table II:

- Polymerization conditions: 305 psig pressure, 75 °C, 1.8 liters of isobutane




one activator, only one ansa-netal |l ocene conpound having formula (1), and
only one ansa-netal |l ocene conpound having fornmula (11). 203. The process of
claiml, wbere/13340be at | east one activator conprises aPCras3t11082510
activator-support conprising a solid oxide treated with an

el ectron-w t hdrawi ng ani on, wherein: the solid oxide conprises
silica, alumna, silica-alumna, sili d%-coated al uni na, al um num phosphat e,
al um nophosphat e, heteropol ytungstate, titania, 25zirconia, nagnesia,
boria, zinc oxide, a m xed oxide thereof, or any m xture thereof; and 73
the el ectron-w thdraw ng ani on conprises sulfate, bisulfate, fluoride,

chl ori de, bFabl 8igcoitmdedde, fl uorosul fate, fluoroborate, phosphate,

fl uorophosphate, trifluoroacetate, triflate, fluorozirconate,

fl uorotitanaEeampdy | anYlconbPemity gn Mher poMw 4MThe | pvddes dMzgfiwgl ai m 1,
wher ei n t he| cat al yst&/l8anpasi ®kan |f @mobel (Fmehpri @abat 5 | east ong
or ganoal um pum?conpoufd haviffget he3keH0m:|84700a] (IXE)OQ X4)2F  whet®in: X3 is a
hydrocar byl | X4 i sl an24l k xi09263r] 2304y v 1 ¢h800e 3529Wal i &) or Bt hydri de; and
10mis fromil to 3| |Adludi W&29%5 [THEAr Y80 of37TEPH m 8.8 wherdd n:

COMPARATIVE EXAMPLES 7-8

5 Polymer properties of commercially-available polyolefin resins

Comparative Example 7 is a LLDPE resin available from the Dow Chemical
Company under the Dow Elite® 5100 grade designation. Comparative Example 8 is
a LLDPE resin available from the Dow Chemical Company under the Dow Elite®
10 5400 grade designation. The polymer properties of Comparative Examples 7-8 are
listed in Table III. The Mn, Mw, Mz, Mw/Mn, and Mz/Mw data were determined in
the same manner as that of Examples 1-6, using the analytical procedure outlined
above. As shown in Table III, the Mz/Mw of these polymers is less than 3, in fact,
less than 2.5.

15  Table III. Polymer properties of Comparative Examples 7-8.

Example MI Density Mn Mw Mz Mw/Mn | Mz/Mw
(g/10 min) (g/ce) (g/mol) | (g/mol) | (g/mol)
7 0.85 0.920 37,200 [ 117,700 | 269,100 3.2 23
8 1.0 0.916 31,800 | 118,300 | 264,700 3.7 2.2

- Notes on Table III:
- MI and Density are nominal properties taken from product literature on the
specific resin grades

20



the at | east one organoal um num conpound conprises trinethylal um num
triethylalumnum tri-n-propylalumnum tri-n-butylal um num
triisobutwbDabumisswem tri-n-hexylalum num tri-n-octyl al BeirAsR911/032610

di i sobut yl al um num hydri de, 15di et hyl al um num et hoxi de, di et hyl al um num
chloride, or any conbination thereof; and the at |east one activator
conprises at |east one acti vator-supp(ﬁl and wherein the at | east one
activator-support conprises fluorided alum na, chlorided alum na, brom ded
alum na, sulfated alumna, fluorided silica-alumna, chlorided silica- 20
al um na, brom ded silica-alumna, sulfated silica-alumna, fluorided
silica-zirconia, chlorided silica-zCEédviBa, brom ded silica-zirconia,

sul fat ed si }'i cae%{ él,gﬁlpgﬁymgﬂzt%@ Igr?gesss tﬁepc%g‘,ﬁgg ﬁ%{&agfl u_ori ded silica- coat ed

al um na, sulfat a- coa um’na silica-coated al um na,
or any conbi nat |o©ntatthgraeoeftalﬁst‘r:bmpmltumewsh aﬂi otelﬁalnmnbmem/amr optionglheatat | east
one activator conp es at | ea one ane co und t. | east one
o amobor anthy B BerREdranam S st R M A B TSPRIRNR S TORRE & e Sant oond.
or any CS)rrblbd]ﬁhd:rpwhél’eﬁrtﬁé)Eatﬂyﬁfhﬁn@bﬁﬁ@ﬁéonﬁp‘rlséﬁ @itdlysi compaiced I cathlystt or mul a
(1) east one of RA and R2ZAis a term nal al kenyl

: ai
group havi ngP"RINETH Ty 3nd eéftb)Bﬁaﬁ’tVB%Wh(‘}Fe“ht | east one substituent on CPA is

a term nal al kerygaly@r cblﬁ?dﬂeﬂtal combay | 811kt oBE Qliby-IRMIIB@ne RofnPound car bon
atons; and . 74 in formula (I1): at |east one of RIB and R2B is a term nal

al kenyl gr olfyned9ie 4 to 12 carbon atons; or at |east one substituent on
CpB is term nal al kenyl or term nal

REA C 0 R7A

R1A\ { A/x1A
/ \ /\XzA

cpt

10 (I), wherein:
M* is Ti, Zr, or Hf;
A and X** are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;
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,
15  any of which having up to 18 carbon atoms;

E™is C or Si;

R'* and R* are independently H, a hydrocarbyl group having up to 18 carbon
atoms, or R'"* and R* are connected to a form a cyclic or heterocyclic group having
up to 18 carbon atoms, wherein R'* and R** are not aryl groups;

20 R® and R™ are independently H or a hydrocarbyl group having up to 18
carbon atoms; and

Cp”* is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
substituted derivative thereof, any substituent on Cp” is independently H or a
hydrocarbyl or hydrocarbylsilyl group having up to 36 carbon atoms; and

25 catalyst component II comprises at least one amsa-metallocene compound

having formula (II):



5al kenyl silyl group haying up to 12 carbon atons. 8. The process of claim1,
wherei n catal yst conponent | conprises: 75 50r any conbi nation thereof

9. The prosessiiafik3wbai m 1, wherein catal yst conmponent || PCOMsee13m32610 76 77
or any conbi nation thereof

72

RGB C O R?B

1B
R1B\EB /X

/ \ /\Xzs

p (IT), wherein:
M® is Ti, Zr, or Hf;
Band X*® are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHy;

5 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 C or Si;

R'"™ and R*® are independently H or a hydrocarbyl group having up to 18

10 carbon atoms, wherein at least one of R'® and R?® is an aryl group having up to 18
carbon atoms;

R® and R™® are independently H or a hydrocarbyl group having up to 18
carbon atoms; and
Cp® is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-

15  substituted derivative thereof, any substituent on Cp® is independently H or a
hydrocarbyl or hydrocarbylsilyl group having up to 36 carbon atoms.

2. The process of claim 1, wherein the catalyst composition comprises at least
one activator, only one ansa-metallocene compound having formula (I), and only one
ansa-metallocene compound having formula (II).

20 3. The process of claim 1, wherein the at least one activator comprises at least
one activator-support comprising a solid oxide treated with an electron-withdrawing
anion, wherein:

the solid oxide comprises silica, alumina, silica-alumina, silica-coated
alumina, aluminum phosphate, aluminophosphate, heteropolytungstate, titania,

25  zirconia, magnesia, boria, zinc oxide, a mixed oxide thereof, or any mixture thereof;

and



510. The process of claim1, wherein: catal yst conmponent | conprises
at | east one ansa-netall ocene conpound haying fornmula (1A): R6 R7TA R1L A
R2A7ZA ) (W0 2011/133409 Cp R3A / y A RAAZ \R5A MA is Ti, Zr PCoruskiit1/ofloh) ,
wherein: 78 Xi A and X2A are independently F; C; Br; I; methyl;
benzyl; phenyl; H, BH4; OBR2 or SO3R ¥\,herei n Ris an alkyl or aryl group
having up to 12 carbon atons; or a hy& ocar byl oxi de group, a

hydr ocar byl am no group, or a hydrocarbylsilyl group, any of which having up
to 12 carbon atons; 5EA and YA are independently C or Si; RA and R2A
are independently H, a hydrocarbyl group having up to 12 carbon atons, or
RA and R2A are dbneedtosdvithdraavifigamenacompeisé¢sculiate, Hatubpocthgiride, chtooidp havi ng up

(2,12 oo b BB syl RS, TN S0BT St BB toies o 105
car bon at On‘m;ﬂuoroacetatd?ﬁﬁlaaﬁ‘)(ﬂlum;ﬁr@hae |fhKiequd‘ermlayy Ebrobinationyldradar byl group
having up té? 12 ﬁl%rptr)gc%ssagf%rsﬂl l?\rglgerein the catalyst composition further comprises at
5 least one organoaluminum compound having the formula:
AL )X )3m,
wherein:
X is a hydrocarbyl;
X* is an alkoxide or an aryloxide, a halide, or a hydride; and
10 m is from 1 to 3, inclusive.
5. The process of claim 4, wherein:
the at least one organoaluminum compound comprises trimethylaluminum,
triethylaluminum, tri-n-propylaluminum, tri-n-butylaluminum, triisobutylaluminum,
tri-n-hexylaluminum, tri-n-octylaluminum, diisobutylaluminum hydride,
15  diethylaluminum ethoxide, diethylaluminum chloride, or any combination thereof;
and
the at least one activator comprises at least one activator-support, and wherein
the at least one activator-support comprises fluorided alumina, chlorided alumina,
bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided silica-
20  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.
6. The process of claim 1, wherein the at least one activator comprises at least
25  one aluminoxane compound, at least one organoboron or organoborate compound, at
least one ionizing ionic compound, or any combination thereof.
7. The process of claim 1, wherein:
in formula (I):
at least one of R'* and R** is a terminal alkenyl group having up to 12
30 carbon atoms; or

at least one substituent on Cp® is a terminal alkenyl or terminal

alkenylsilyl group having up to 12 carbon atoms; and



CPA is a cycl opent adi enyl, indenyl, or fluorenyl group, or a

het er oat onsubsti tuted derivative thereof, any additional substituent on CPA
i s i ndepemoenti/p34d9or 15 hydrocar byl group havi ng up t oPCZ/usarboscat ons;
wherein at | east one of R1A, R2A, R3A, R4A, and K- 5A is an al kenyl group;

and catal yst conponent |1 conpriies at | east one ansa-netall ocene
conpound having fornmula (11B): 20 6 . "% R/B RL B, B xI B R2B7 /| Cpgx2B
R3B 113 41/ \ RRR5- (11B), wherein: MBis Ti, Zr, or Hf; Xi B and
X2B are independently F; C; Br; |; nethyl; benzyl; phenyl; H BH4;, OBR2 or

503R, wherein Ris an alkyl or aryl group having up to 12 carbon atons; or
79 in formula (II):

at least one of R'® and R*® is a terminal alkenyl group having up to 12
carbon atoms; or

at least one substituent on Cp® is terminal alkenyl or terminal

5 alkenylsilyl group having up to 12 carbon atoms.
8. The process of claim 1, wherein catalyst component [ comprises:
t-Bu CQ t-Bu CQ

Me” Y, i Mes " %, —Cl

Weto SN oo

We-oNNe ¢

\
\

w0 OO0

Mese” 2—C Mesc” 2—C
“RE Y
10 AN : N\

t-Bu




a hydrocar byl oxi de group,

a hydrocar byl am no group,

or a hydrocar byl silyl

group, any of which having up to 12 carbon atons; EB and YB are

i ndependewo0I29110 38409 Si

hydr ocar byl
Ri B and R2B is an aryl

group

R1B and R2B are i ndepend@eaTius2t1082630

havi ng ugé

and R5B are independently H or a hydr

at ons;

i ndenyl, or fluorenyl
any additional gUDStLI

'13‘ o QNs;
RoB ispg% al kenyl g

having up tp
2B, R313, R4? ,
wherein: MA and

i ndependently F

group,

A 10

(R
QA Er el

- 3B,

nmet hyl , A
and R413 are i n§ep

and

group having up to 12 5carbon atons, wherein at
to 12 carbon atons;

ar byl
R6B and R713 are independently H or a hydrocar byl
having up to 12 10 carbon at ons;

group havi

| east one of
R3B, R413,
ng up to 10 carbon

gr oup

CpB i s a cycl opent adi enyl ,
or a heteroatonsubstituted derivative thereof,

H or

phenyl ;
ndent |y

| east one of R B, -

hydr ocar byl group

X

@A, x2A, x113, and X2B are

EA, EB, YA and YB
H or nethyl;

aying up to 8 carbon

t-Bu t-Bu t-Bu t-Bu

zr—Cl

o
SO\ A—

or any combination thereof.

9. The process of claim 1, wherein catalyst component 1T comprises:
tBu CQ tBu t-Bu CO t-Bu

Ph< -

PhWS ZK:9| c  zrC

R5A and



atonms; R6A, R7A, R613, and R7I3 are independently H or a hydrocarbyl group
having up to 6 carbon atons; and 25CpA and CpB are independently a
cycl opentwdizenyi334obndenyl , or fluorenyl group. 12. The protasgoiof3mh@a m 11
wherein: R B and R2B are phenyl; R6A, R7A, R6B, and R7I3 are independently
H or t-butyl; and 30CpA and CpB are c¥§lopentadienyl. 80 13. The process
of claim1, wherein a weight ratio of ‘catal yst conponent | to catal yst
conponent Il in the catalyst conmposition is in a range fromabout 100:1 to
about 1:100. 14. The process of claim1l1l, wherein the process is conducted
in a batch reactor, 5slurry reactor, gas- phase reactor sol ution reactor,

i Y ubul ar reactor aut ¢ sctor or a comnbi nation
of claim 1, mh@g 3 nomer is
et hyl ene, ahBut Astt-Bine ol efin connngwer onpri ses propyl ene,
1- but ene, 2- butrhy meghyl - 1 - butene, §% ' 1-p entene, 2 -p

entene, 3 nethykc égﬁ Spe 4- met hyl - 1- pen

thereof 15. Th

2 2

== : AN :
e oV -0
Ph
—Cl ~ —Cl
h/C CZr Ph/C <{Zr o



101- hexene, 2-hexene, 3-ethyl-1 -hexene, 1-heptene, 2-heptene, 3-heptene,
1-octene, 1- decene, styrene, or a mxture thereof 16. An ethyl ene pol yner
havi ng a woretw/isamal nol ecul ar wei ght distribution; a raCrwsediidieh from
about 3 to about 8; a ratio of Mz/Mvw from about 3 to about 6; and a reverse
conononer distribution. 1517. The pol yger of claim 16, wherein: the ratio of
MV WMn of the polyner is in a range fr about 3 about 6; the ratio of M/ Mwv
of the polymer is in a range fromabout 3 to about 5; the polyner has a Mz
in a range from about 100,000 to about 975,000 g/nol; the polyner has a
melt index in a range fromabout 0.1 to about 30 g/lO mm 20t he pol yner has
1bo or the pol ynmer has | ess than
al carbon atons; or any
3 erein: 25the polyner has
SEB) per 1000 total carbon
eg% chain branches (SCB) per
he nunmber of SCB per 1000

about 0. 008

conmbi nati on Bh eof 18. The pol ynmer of cI\

from about E‘Im altagC! 10 short chain br @nchs
atons at D9 &lratio of the nuanuh/%
1000 total carbddjatoms of the pol yner at
total carbon atons i a range from1.1 to about 5;
30a ratio of the nunber ¥y per 1000 total carbon
atons of the polyner at D15 to the nunber of SCB per 1000 total carbon

at ons of th at D85 is in a rang@@ to about 4; or
f/Cl Q\ —Cl

Zr.

°C =C
e @/ cl Ph” i@/ cl

Ph’ % @/ ol Ph/

or any combination thereof.
5 10. The process of claim 1, wherein:
catalyst component I comprises at least one anmsa-metallocene compound

having formula (IA):

(IA), wherein:
M* is Ti, Zr, or Hf;



81 a plot of the nunmber of short chain branches (SCB) per 1000 t ot al
carbon atons of the polyner versus the logarithmof the nol ecul ar wei ght of
t he pol ynwo 2061/s8degt antially |inear between D85 and D15pcCorsasy/oammdi nati on
t hereof 519. An article conprising the poI yrrer of claim 16. 20. A catal yst

conposi tion conprising catalyst corrpogg , catalyst component I, and at
| east one activator, wherein: al yst conponent | conprises at | east
one ansa-netal | ocene conpound having formula (1): MAis Ti, Zr, or Hf;
X1A and X2A are independently F, C; Br; I; nethyl; benzyl; phenyl; H BH4;

OBR2 or SOBR, V\,herel n R is an al kyl or aryl group havi ng up to 18 carbon
atons; or a hydrdCanby dxicdedapemieptly B G dirok arcbyl:dennyd mheaddpt; BHia

hydrocar byl shkyl, g5 0uRs AR R0V, ol 60 DRYE Dt 8 1BR,631 han, agome: EA 1S

Cor Si; rei depen oup A3V ng up to
carbon at _onzs hydrpcariRBxider gocmmlmtrmlruytarrand group.aorcy by dracadhyldilet eroopycl i c

group havi ngly of which having up to 12 carbon atoms;
5 E* and Y* are independently C or Si;

R'* and R* are independently H, a hydrocarbyl group having up to 12 carbon
atoms, or R'"* and R* are connected to a form a cyclic or heterocyclic group having
up to 12 carbon atoms, wherein R'* and R** are not aryl groups;

R* R*, and R** are independently H or a hydrocarbyl group having up to 10

10  carbon atoms;

R® and R™ are independently H or a hydrocarbyl group having up to 12
carbon atoms; and

Cp”* is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
substituted derivative thereof, any additional substituent on Cp” is independently H or

15  hydrocarbyl group having up to 12 carbon atoms;

wherein at least one of R'*, R** R* R** and R** is an alkenyl group; and

catalyst component II comprises at least one ansa-metallocene compound

having formula (IIB):

20 (IIB), wherein:
M?® is Ti, Zr, or Hf;
X' and X*® are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHy;

OBR; or SO3R, wherein R is an alkyl or aryl group having up to 12 carbon atoms; or



up to 18 carbon atons, wherein RR2A are not aryl groups; 20R6A and R7A are
i ndependently H or a hydrocarbyl group having up to 18 carbon atons; and
CPA i s a wochupsstoadi enyl , indenyl, or fluorenyl group, POT/U%2011/032610

het er oat onsubstituted derivative thereof, any substituent on CPA is

i ndependently H or a hydrocarbyl or h)§8lr ocar byl silyl group having up to 36
carbon atons; and 25catal yst conponent”l| conprises at |east one
ansa- net al | ocene conpound having fornmula (I11): MBis Ti, Zr, or Hf;

X1B and X2B are independently F;, O ; Br; |I; nmethyl; benzyl; phenyl; H BH4;
OBR2 or SABR, wherein Ris an alkyl or aryl group having up to 18 carbon
atons; or 5ahpdrdeamydeidd griper hydsemprbynhyad gmopr dyd Aydroarigislyp groop, a

hydr ocar byl si | yl a f i aving up to 18 carbon atons; EBis C
or Si; gny&wﬁ%%gﬁagﬁé %rcg%ﬁéggghdently H or a hydrocarbyl group
havi ng up to 18 EPamboff aad independundy €ion Sat | east one of RIB and R2B is an

aryl group havi up,tepl8 1Q carbon atons; R6B and R71 r,e
i ndependent | y HqgrB aﬁd f%/igraﬁecg‘gmdﬁ'agﬁ Oﬁg‘s]?yrqbocﬁ%’y{ 8rOT%%8‘éIP%6IR]13fI ns; and
CpB i s a5 cyehiapensagiveiaidin ati ledeond of ©'F ahll RS? arwnl argr Qo ha¥ingaup to 12

het er oatomsubgti tuted derivative thereof, any substituent on CpB is
i ndependent f°% 8™Sa 15hydr ocar byl or hydrocarbyl silyl group having up to

36 carbon at ons.rR*® R*® and R*® 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 12
10  carbon atoms; and
Cp® is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
substituted derivative thereof, any additional substituent on Cp® is independently H or
hydrocarbyl group having up to 12 carbon atoms;
wherein at least one of R'®, R*®, R*®, R*®, and R°® is an alkenyl group.
15 11. The process of claim 10, wherein:
M* and M® are independently Zr or Hf;
X' X X' and X*® are independently F, Cl, Br, I, methyl, benzyl, or
phenyl;
E® E® Y#, and Y® are C;
20 R* R* R*® and R* are independently H or methyl;
R>* and R® are independently a terminal alkenyl group having up to 8 carbon
atoms;
R R™, R®, and R”® are independently H or a hydrocarbyl group having up
to 6 carbon atoms; and
25 Cp* and Cp® are independently a cyclopentadienyl, indenyl, or fluorenyl
group.
12. The process of claim 11, wherein:
R'® and R?® are phenyl;
R% R™ R®, and R™ are independently H or t-butyl; and

30 Cp” and Cp® are cyclopentadienyl.
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13. The process of claim 1, wherein a weight ratio of catalyst component I to
catalyst component II in the catalyst composition is in a range from about 100:1 to
about 1:100.

14.  The process of claim 1, wherein the process is conducted in a batch reactor,
slurry reactor, gas-phase reactor, solution reactor, high pressure reactor, tubular
reactor, autoclave reactor, or a combination thereof.

15. The process of claim 1, wherein the olefin monomer is ethylene, and the at
least one olefin comonomer comprises propylene, 1-butene, 2-butene, 3-methyl-1-
butene, isobutylene, 1-pentene, 2-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene,
1-hexene, 2-hexene, 3-cthyl-1-hexene, 1-heptene, 2-heptene, 3-heptene, 1-octene, 1-
decene, styrene, or a mixture thereof.

16.  An ethylene polymer having a non-bimodal molecular weight distribution; a
ratio of Mw/Mn from about 3 to about 8; a ratio of Mz/Mw from about 3 to about 6;
and a reverse comonomer distribution.

17. The polymer of claim 16, wherein:

the ratio of Mw/Mn of the polymer is in a range from about 3 about 6;

the ratio of Mz/Mw of the polymer is in a range from about 3 to about 5;

the polymer has a Mz in a range from about 100,000 to about 975,000 g/mol;

the polymer has a melt index in a range from about 0.1 to about 30 g/10 min;

the polymer has a density from about 0.90 to about 0.95 g/cm’; or

the polymer has less than about 0.008 long chain branches (LCB) per 1000
total carbon atoms; or

any combination thereof.

18. The polymer of claim 16, wherein:

the polymer has from about 1 to about 10 short chain branches (SCB) per
1000 total carbon atoms at D90;

a ratio of the number of short chain branches (SCB) per 1000 total carbon
atoms of the polymer at D10 to the number of SCB per 1000 total carbon atoms of the
polymer at D90 is in a range from 1.1 to about 5;

a ratio of the number of short chain branches (SCB) per 1000 total carbon
atoms of the polymer at D15 to the number of SCB per 1000 total carbon atoms of the

polymer at DS is in a range from 1.1 to about 4; or

PCT/US2011/032610
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a plot of the number of short chain branches (SCB) per 1000 total carbon
atoms of the polymer versus the logarithm of the molecular weight of the polymer is
substantially linear between D85 and D15; or

any combination thereof.

19.  An article comprising the polymer of claim 16.
20. A catalyst composition comprising catalyst component I, catalyst component
11, and at least one activator, wherein:

catalyst component I comprises at least one ansa-metallocene compound

ROA C 0 R7A

RIA_ A A/)(1A
/ \ /\XzA

cpt

having formula (I):

(I), wherein:

M* is Ti, Zr, or Hf;

A and X** are independently F; CI; Br; I; methyl; benzyl; phenyl; H; BHy;
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 C or Si;

R'* and R* are independently H, a hydrocarbyl group having up to 18 carbon
atoms, or R'"* and R* are connected to a form a cyclic or heterocyclic group having
up to 18 carbon atoms, wherein R'* and R** are not aryl groups;

R® and R™ are independently H or a hydrocarbyl group having up to 18
carbon atoms; and

Cp”* is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
substituted derivative thereof, any substituent on Cp” is independently H or a
hydrocarbyl or hydrocarbylsilyl group having up to 36 carbon atoms; and

catalyst component II comprises at least one ansa-metallocene compound

having formula (II):

PCT/US2011/032610
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R6B C 0 RB

1B
R1B\EB B/X

/ \ / \Xzs

p (IT), wherein:
M?® is Ti, Zr, or Hf;
Band X*® are independently F; Cl; Br; I; methyl; benzyl; phenyl; H; BHy;
OBR; or SO3R, wherein R is an alkyl or aryl group having up to 18 carbon atoms; or
5  a hydrocarbyloxide group, a hydrocarbylamino group, or a hydrocarbylsilyl group,
any of which having up to 18 carbon atoms;
E® is C or Si;
R'"® and R™ are independently H or a hydrocarbyl group having up to 18
carbon atoms, wherein at least one of R'® and R*® is an aryl group having up to 18
10  carbon atoms;
R® and R™ are independently H or a hydrocarbyl group having up to 18
carbon atoms; and
Cp® is a cyclopentadienyl, indenyl, or fluorenyl group, or a heteroatom-
substituted derivative thereof, any substituent on Cp® is independently H or a

15  hydrocarbyl or hydrocarbylsilyl group having up to 36 carbon atoms.



