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an extrenely low activity polynerization cata
metallocene precursor and an activator and processes to polymerize olefins using the catalyst

systems. The invention also relates to the polymers produced therefrom.

BACKGROUND OF THE INVENTION

20 [0004]  Olefin polymerization catalysts are of great use in industry. Hence there is great
interest in finding new catalyst compounds, particularly compounds that can be easily
supported and or modified by aitering the ligands. There also exists the need to reduce
catalyst costs by developing catalyst systems that are efficient utilizing simple alky]
aluminums rather than alumoxanes that are traditionally more expensive.

25 [0005] Silica supported chromium tris(amide)/alumoxane olefin polymerization catalysts
are found in US 6,040,399 where calcining at greater than 500°C is disclosed to reduce
polyethylene molecular weight (column 4, line 24). Further the 6,040,399 examples use
Cr(I) tris(trimethylsilyamide) which may or may not react with the support and as noted
they found only formation of oligomers if using silica calcined above 500°C. Further in

30 6,040,399, comparative example 4, describes a catalyst system with a supported Cr(IIT)
tri(trimethylsilyamide) catalyst activated with triisobutylaluminum yielding an extremely low
activity polymerization catalyst.

[0006] US 6,011,127 discloses a process for making polyethylene comprising
polymerizing ethylene in the presence of a supported catalyst comprising a chromium

35  compound such as a chromium amide, an alumoxane, and an organometallic alkoxide.
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15
SUMMARY OF THE INVENTION

[0011] This invention relates to a catalyst system comprising an aluminum alkyl,
alumoxane or combinations thereof;,
a first catalyst precursor prepared by contacting compound (I) represented by the
20 formula:
X(R)n

I— O—-—Cr/

\X(R)n

@)
with an optionally substituted alkyl or optionally substituted aryl alcohol;
wherein
25 Z-Q is a support material, where O is oxygen and Z is Si, Ti, Al, Sn, Fe, Ga, Zr, B,
Mg or Cr;
each X is, independently, nitrogen, oxygen phosphorous, or sulfur, provided that both
X’s are not each oxygen;
each n is, independently, 1 or 2, provided the total of n = 3;
30 each R is, independently, an alkyl group, a substituted alkyl group, an aryl group, or a
substituted aryl group, provided at least one R group is an aryl or substituted aryl group; and
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with an optionally substituted al kyl or optionally substituted aryl

al cohol ; wherein 25Z-0 is a support material, where O is oxygen and Z is
Si, Ti, Al, Sn, Fe, Ga, Zr, B, My or Cr; each X is, independently,
nitrogen, | sphorous, or sulfur, provided that _both X s are not
each oxygegﬂ?&y%gégﬁ%r?gi s, independently, 1 or 2, provide§‘THE2WYPR340t n = 3;
30each R i 2Q07EpHEpRGHent |y, an al kyl group, a substituted al kyl group, an
aryl group, or a substituted aryl group, provided at |east one R group is
an aryl or subsisetertdastalysypregrmnpyhereinl the\d2oaA ORARAPBEarssOR § mdlAREE

PCT/ US2008/ 059734 a second catal yst precursor, wherein the second
cat al yst p?oé'&?f”%%r Is a netal |l ocene conpound. [0012]In one aspect, each Xis

a Nin forpel2] (!jnonk@6kd], bathtDR a0mfshalapve, the Z is typically present
rt and the 5 chromumis bound to the support via at
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nmbodi t i 1 Ut ' f h I .
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Me- 4- Ph- | rfH)P8 21685 the HRirititeq phigaolis g gpfp,e "RF%Q‘%EP englgnd eagg K ip)  op

I s cydligopéit adi enyl and Ph is phenyl. 15[0016] The invention also relates to

a pol ynerization process using the above cat al yst
poty [6(?155 S?.utable metallocengs useful in the catalyst sys¥em include, for example,

Me;Si(HsInd);ZrtMe;, Me;Si(1,3-Me,Bu-Cp),ZrMe,, Me,Si(2-Me-Ind),ZrMe; and Me;,Si(2-
Me-4-Ph-Ind),Z-Me;, where “Ind” is indenyl, Me is methyl, Bu is butyl, Cp is
cyclopentadienyl and Ph is phenyl.

15 [0016]  The invention also relates to a polymerization process using the above catalyst
system in combination with one or more aluminum alkyl, alumoxane or combinations
thereof, as activators to polymerize olefins. A suitable activator in the catalyst system is an

aluminum alkyl, such as tri-n-octyl aluminum.

20 BRIEF DESCRIPTION OF THE DRAWING
[0017]  Figure 1 is a representation of the compound produced in example 2.

DETAILED DESCRIPTION OF THE INVENTION
[0018]  For the purposes of this invention and the claims thereto when a polymer is

25 referred to as comprising an olefin or other monomer, the olefin present in the polymer is the
polymerized form of the olefin or other monomer, respectively. Likewise when catalyst
components are described as comprising neutral stable forms of the components, it is well
understood by one of ordinary skill in the art, that the active form of the component is the
form that reacts with the monomers to produce polymers. In addition, a reactor is any

30  container(s) in which a chemical reaction occurs.
[0019]  As used herein, the new numbering scheme for the Periodic Table Groups is used
as published in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).
[0020]  As used herein, the phrase "represented by the formula” is not intended to be

limiting and is used in the same way that "comprising" is commonly used.




systemin conbination with one or nore al um num al kyl, al unoxane or
conbi nations thereof, as activators to polynerize olefins. A suitable
activator in the catalyst systemis an alum num al kyl, such as tri-n-octyl
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n-propld , [0033] opyThe t@rptaoyltisyised lareimtd ryfe) to ani anythaticrubytibyeht, whiddWhaylbe ol - but yl

(or 2-met hyl propyl .etc. ln.,particular e di nents, al kyls have between 1
and 5 200 %“ﬁ%%ﬁ%%‘%d ,0’6‘81"694%#"‘1‘35%’8“330“’@2%? s usset Segthsr lipkadnensalenlng 20
car bon at airinkddd0 3 2bMmotl gRSkp REdhes A ridfS/ldne P IRSE hbidhe ThERGAROR BRkiRE NOF e
hydr ogen atomto ﬁnyqet carbon is replaced by another group such as a

hal ogen, &FSHP™ A FERgnYa; i bengenhsnane pf oxygen at indipheaylethert Jkkyl, and
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substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, halogen, alkylhalos
20  (e.g., CFA hydroxy, phosphino, alkoxy, aryloxy, amino, thio and both saturated and
unsaturated cyclic hydrocarbons which are fused to the aromatic ring(s), linked covalently or
linked to a common group such as a methylene or ethylene moiety. The linking group may
also be a carbonyl such as in cyclohexyl phenyl ketone.
[0024]  As used herein the term "silyl" refers to the SiQ'Q%Q® radical, where each of Q'
25 Q% and Q%is independently selected from the group consisting of alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, amino, silyl and
combinations thereof.
[0025] The term "amino” is used herein to refer to the group -NQ'Q?, where each of Q!
30  and Q*is independently selected from the group consisting of hydrogen; alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, silyl and combinations
thereof.




15 benzophenone anong others. In particular enbodi nents, aryls have between
6 and 200 car bon atons, between 6 and 50 carbon atons or between 6 and 20
carbon atons. "Substituted aryl"” refers to aw as just described in which
one or noregy atomto any carbon is replaced by groups
such as al k(*% sugﬁgl tuted al kyl, cycloal kyl, substi tu?g’g’%é%g’f’@gfiy
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Phoce © or naBaRURERY M icn £ SRARE kBl bl AV bR PEhCParitiEeicao e

cat al yst prygecsors i ncl ude a supported chrom um corrpound and a

net al | oce C aI emis therefore tlon of catalyst
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al cohol ofonaciing @ﬂ%@dﬂb@mrda@t@ijbsttw fomreld: Wi t h el ect ron-w t hdr awi ng

X(R)
z—o—c

\X(R)n

@
25 with an optionally substituted alkyl or aryl alcohol;
wherein
Cr is preferably in the 3” valence state;
Z-0 is a support material, where O is oxygen and Z is Si, Ti, Al, Sn, Fe, Ga, Zr, B,
Mg or Cr;
30 each X is, independently, nitrogen, oxygen, phosphorous or sulfur, provided that each
X is not oxygen;




groups such as a fluorine atom chlorine atom brom ne atom iodine atom
and cyano, nitro, 20 phenyl, acetyl, carbonyl, thionyl, sulfone and
carboxyl groups. [0030]1n another enbodinent a catalyst precursor of the

i nvention d by contacting conpound (1) repre

f or mul a: @@8ﬁ8%?< r 25with an optionally substi tutg(gﬂgfzaﬁo\ég’bp

al cohol ; WHSTEMA4ERCT s preferably in the 3+ val ence state; Z-0 is a
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My or Cr; 30ea®hch>¢1issipdépen|®nﬂndmrt1p1;ovidbdﬂngcaaiofcnxngen, phosphor ous or

| ded .t ach ()4 140875P V52008/ 059734
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aryl grou | east one R group is

I ubstituted aryl oup, provided at
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as R above, and n'is or 2)., Further, the anmide Cr(Ill) species on the
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di phenyl @nﬁh@m@p@bndl)vem teaated withuthd dippenil emdelrﬁﬁ)aslyd:%bwnéipms rel eased
into the §p erflu eng Thu

conveni ent bhc%nlta nc? W/agrr é}}gisﬁd%o s rejeen g FQ pglﬂoé‘y&ﬂecﬁ’?ejrgﬁs&port
has bdén dbsenicarreate td G03 ﬂieﬂigfmisfolf g&e&ﬁﬁiﬂfﬁﬁlﬁﬁl‘t@(ﬁl} the eu;ﬁpbﬂ@h@lb?n ldﬁlecf\ﬂéi-edt 0
conbi ne wi onpoun ) inc or onet hanqg chl or onet hano

br ononet hé‘hﬂ?f n%&‘c’j“r’rg‘f Tgf?ﬂ“tﬂlles 08 %#%lﬁﬁq%ﬁ i sombigieswthycosmpoppd pinclude

di br omonethanalethasbl] &ﬂb}aﬁ&thmlbmﬁléméthéﬁ@r QB HRARRYL, dlﬁﬁdrsxhétﬁﬁﬂaﬁmt hanol ,

tri bronomet hanol , triji odonet hanol 2-trifl uoroethanol,

2.2 2-tri dichlorosaathanaly fibrgmagmeghanol, d11od0methanol trifluoromethanol, trichloromethanol,
tribromomethanol, triiodomethanol, 2,2,2-trifluoroethanol, 2,2,2-trichloroethanol, 2,2,2-

15 tribromoethanol, 2,2,2-triiodoethanol, 2,2,3,3,3-pentafluoropropanol, 2,2,3,3,3-
pentachloropropanol, 2,2,3,3,3-pentabromopropanol, 2,2,3,3,3-pentaiodopropanol, 2,2,2-
trifluoro-1-trifluoromethylethanol, 2,2,2-trichloro-1-trichloromethylethanol, 2,2,2-tribromo-
1-tribromomethylethanol, 2,2, 2-triiodo-1-triiodomethylethanol, 1,1,1,3,3,3-hexafluoro-2-
trifluoromethyipropanol, 1,1,1,3,3,3-hexachloro-2-trichloromethylpropanol, 1,1,1,3,3,3-

20 hexabromo-2-tribromomethylpropanol, and 1,1,1,3,3,3-hexaiodo-2-triiodomethylpropanol.
Thiol compounds in which an oxygen atom is substituted with a sulfur atom are also
included. These thiol compounds are compounds wherein methanol is replaced with
methanethiol, ethanol is replaced with ethanethiol and propanol is replaced with
propanethiol, respectively.

25 [0033]  Specific examples of the phenols useful to treat compound (I) include 2-
fluorophenol, 3-fluorophenol, 4-fluorophenol, 2-chlorophenol, 3-chlorophenol, 4-
chlorophenol, 2-bromophenol, 3-bromophenol, 4-bromophenol, 2-iodophenol, 3-iodophenol,
4-iodophenol, 2,6-difluorophenol, 3,5-difluorophenol, 2,6-dichlorophenol, 3,5-
dichlorophenol, 2,6-dibromophenol, 3,5-dibromophenol, 2,6-diiodophenol, 3,5-diiodophenol,

30 2,4,6-trifluorophenol, 2,4,6-trichlorophenol, 2,4,6-tribromophenol, 2,4,6-triiodophenol,
pentafluorophenol, pentachlorophenol, pentabromophenol, pentaiodophenol, 2-
(trifluoromethyl)phenol, 3-(trifluoromethyl)phenol, 4-(trifluoromethyl)phenol, 2,6-
di(trifluoromethyl)phenol, 3,5-di(trifluoromethyl)phenol, 2,4,6-tri(trifluoromethyl)phenol, 2-
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i bronoet hanol, 2,2,2-triiodoethanol, 2,2, 3,3, 3-pentafl uoropropanol,
, 3, 3- pent achl oropropanol 2,2, 3,3, 3-pent abr onopr opanol ,
3, 3- pent ai odopropanol, 2,2,2- trifluoro-I-ttifluoronethylethanol,
tric rlchlororrethylethanol 2,2,2-tibropn-
r %0{]95/&933%”0' 2,2,2-triiodo-1-triiodonethyl E&:{g%pemsswu
, 3, 3, @Q?E%lﬁﬁ%]’o 2- trifluoromet hyl pr opanol ,
, 3,
ro
, 3,

o**

3, 3-hexachl oro-2-trichl oronet hyl propanol, 1,1,1, 3,3,3- 20
no- @miwphbn(d,rﬁ)ufahbgﬂemlpfpaymbpheaald2-n1trophenol 3—n1trophenol and4-nitrophenol.

3, xai,odo-2-triio anol Thi unds in ich an
oxygen at oﬁ’f*P@leB?}B’SF‘P?‘H’t"éalvﬁ%%" éﬁ%ﬁp@gwtga%|%ﬁea Rese
t hi ol corrpmblﬁdai are corrpounds vvherer n rret hanol is replaced with
met hanet hi eth nol .is replaced with ethanethiol and propanol is replaced

with propd ﬁ@?‘ﬂr ol In the:Sonmplp phoyephe Sis typieaiyprgsentin fhe f suppast andiilee phenol s
useful g0 th(ﬁﬁhm@&ﬂﬁlﬁl@th@%ﬂpp‘oﬂ%&@?eagt onb hﬁ'%&@ﬂ%ﬂl 3-11 uor ophenol,

4-fl uorophenol , 2-chl orophenadl, 3-chlorophendl”, 4- chlorophenol
2- br omophdf®3s] 3- @@#ﬁﬁh@ﬁ@mbOMthmbRehmdep@dcmb@pIsrldmbtuted@r| odophenol ,

3 50 0 cniarstaltaCr s CORRNE kucndh of Shiy SRTRTAR p pisitatr’ O oPrencl.

2, 6- di i odopkdntiuied 3680 30 agd ploep,qirefeidbly 2ach, I5ist mdéltembafmipm mjst one R group
246tr|chloro 4 .6-tribro henol ,. 2,.4,.6-triiod

pent af | uor'dPhENo rsg%gﬂltteécwl ffn%ﬁ)yp‘e?:\{e&gr(%%mf?ﬂﬂ ““““8

(trifluo mmp]hk;lrl)(ﬂibeuimﬂed oBm{stlHSsitlfdté&) repiRhVIY(sybRtanalor unsubstltuted), diphenylether
4(tr|fluor meth % ?166 di ( trlfluororreth%éeggeno

3,5-di(tr .r ?S&Hé j tolyb(substituted qrapsubsiifgiedharibryaophawns , 2- - 6 -
VIO 2008/ 1‘{%!&&6&6#@%9&%4@1?% CREGRR Pl iaARRG AL ischekyagaphenol

4- cyanophenol , 2-nitrophenol, 3-nitrop henol , ‘and4-nii'trop henol ophenol

conpounds cygloligryls fodgaylosryagairtusg Geneps Psf@fb@@d ka@dubﬂﬂtlrﬁedaﬂﬂmlw aggt om ar e

al so incl t a esent in the
form of agggg%do]{r“?ggﬁjaér &Weéaﬁsgtﬁl?wnb &#?P§Xt§gﬁlﬁ “h@r‘%'géﬁ@!ﬁ‘g?p ﬂ@’ri a at | east
one an’oxysubstitaicdon uqsm%l}ddm bépheny! { eibstittted endrmdbsmam&d,), diptehylBhes,

i ndepende t t sybsti t ut C30,l i near, branched
or C5C| i c?sga“#"i{ﬂ"l‘tgd$ 'ﬁ% H(?BH‘ e%g'ﬁi@ lﬁ“?ff%%tﬁ& 8?“”3%8@? Ph‘f%‘&"?ééﬁ?ﬂa C30 aryl
group, pr eéubstmhbd/oﬁmlibsﬁ?tutﬁ) i ndependently, at |least one R group is an aryl
or substi d aryl group referably a phenyl (substituted or

unsubst i thﬁégb f%teﬂ'g ﬁi’ﬁiﬂhp @%@@F?%P%%Pu%hgg%ﬁlstlmd aligyl grompyan
(substi t UGtlgRip, ¥R e istiutddta®f roud dlﬂor 5E0Yd £ 18 one RUBSHY & Yh 891 6F substltuted

unsubstituted), tolyl (substitute =substituted) "or benzophenone
(subs??tu?@&grﬁﬁp unsubstituted), nethyl, ethyl, propyl butyl, isobutyl,

hexyl, is %@%}y'  1PE préferred 46 agﬁ@l’ﬁ the qm(fgljmulao 'i) g{%ré{léﬁr’ afe &hﬁ 13%% gu D

Preferred aryl or substitute roups are saf omthe gr
consi st i neacbR ip beleopdd ftam ﬂetgmmtcenbmmg uﬁphdnytt (substiectd or naqmbitingtbd),

ar pnanyl ot B} Gl P sy ke BuBribTbungie b dificder °
unsubst it (snmmt@rortmnm@rﬁﬂmp tutyl (Sbbtaiied bf @BUBNLHED LI Sedophidne

0036 rnat el each n ently, an allcyl group, a substituted
<[3.| kyl ig\‘r ofjbstt EH"de“ “n%'ﬁﬁt“'ﬁi%ﬁrﬁ ereg:ﬁy %ﬁcgﬁt%?‘%lﬂléﬁféﬁct%@%“ &e@‘g{% %P%Vl%ﬂedl a'tj
| east Oneoﬂaﬂﬁtﬁjdppﬂeﬁylaﬁpﬁény,ri, ﬂ%roﬁhh'%?f, hﬁ&%?y‘i’. 20 aryl group.

[0038] In a preferred embodiment in the above formula, one X is N, the other X is O,
cach n is 2 and each R is selected from the group consisting of phenyl (substituted or

(@]

'”P‘ﬁdophenol , 2-

unsubstituted), naphthyl (substituted or unsubstituted), biphenyl (substituted or

30  unsubstituted), diphenylether (substituted or unsubstituted), tolyl (substituted or
unsubstituted) or benzophenone (substituted or unsubstituted) phenyl, preferably each R
group is selected from the group consisting of naphthyl, phenyl, biphenyl, fluorophenyl, and
tolyl.




[0037] I n a preferred enbodi nent in the above formula, both X groups are N,
nis 2 and each Ris selected fromthe group consisting of phenyl
(substituted or unsubstituted), naphthyl (substituted or unsubstituted),
bi phenyl ( ' d or unsubstituted), diphenylether ' d or
unsubstitute PQ%%ﬁﬁl (substituted or unsubstituted), ggi@gﬁé%%ﬁ; one 25
(substit ut é@p Mldrﬁgé'ﬁsti tuted), preferably each R group is selected fioni
the group consisting of naphthyl, phenyl, biphenyl, fluorophenyl, and
tolyl. [OONR}: meCafipnmdsl enbodi nent in the above fornmula, one Xis N

t he ot her hs O, each n is.2 and each is.selected from,he group
consi st i ngfﬁg?ﬁpheﬁ%puf%oﬁ%ss i@&{“gﬁ“‘}?}laﬂﬁg‘jﬁzﬁfﬁ}aﬁféﬁh ,gleﬁ%ﬁt%m"?% stituted
or unsubst ratlichle'dhydrbtaabye/yihd hgdibattyl ploas!" € uRd inteehdiStblyhffhhout this
di phenyl et her i bstituted), tolyl (substituted or

substituted or unsu ed), '
unsubst i t utWHPYr %Wﬁﬁ%tﬁ%se g stadicah cdldosubstigeriseeelse st phenyl |

pref er apl ymmang%ame@ug'hsuﬁﬁis%&@%nt m}pmese@ OO HQIsLRL 'HEropdrbpapht hyl
phenyl , bi phe%[ fluorophenyl, and tolyl."~ WD 2008/ 140875P S20081059734
t

2007EML45 Pedic salefinrdetn b eSnSourelical pobnay weinesi bsoched, asfeyelisi Viemvent i on
and the cl Gl didiiRiRtbod ik é‘ﬁ&g&%@gl%mmghgﬁyd%%%@xg M@yl and

hydrocar byl” group™ are used I nte€rchangeabl rou ocunent .
Li kewi se tdeéinediorinclidgspbgtitited ysdicerhly] radiaals habodrbyliredients, Sutatitated] so used 5

i nt er chan : i.S..dac nt. For pur.pgses,of this disclosure,
" hydr ocar g“?@%%ﬁf%g‘?ag ?{s%ﬁé%rﬁ?r{ eddga?% glg‘ggegmé?ra]ﬁ@él&gﬁ?sctg?seéw ﬁ‘&?ﬁeﬁ‘éﬂq i near,
br ancHéd, hatowc;ﬂﬂbistitutg&\hﬁdmcaywb li‘ad,(ijcalshrae ﬂaﬁdﬂgﬁ?ﬂhmaﬂ&df @ﬁ:hygﬁgerbégmﬁlh@imt idC
or non-arqQmatic. . " r.OC on radical' is defi to_inc e substitute
hydr ocar byl*#% %@Ft&tﬁ'ilég,‘mﬁé‘?%ﬁ%% piogpl o S“glbﬁfgﬁﬂfﬁuggé %lie)rg%ﬁqbyﬁ*?v adi cal s,
si |yl car bydsrradibRa), SR* JBRI* JSIRNY, [GRRHDShR ¥ 2BbR 8/ afid & kB85 G hér8 i Baspbie def i ned
10 bel ow. Substituted hydrocarbyl radicals are radicals in which at |east

one hydr oG8R HEGFATHL 0B AR EroUR besiheen werrted vithin the Brdsecaghybradicak sucbsal  gr oup
such as NERH2.sORfe. -§€RN(RI?—B§N-, I_DIF{*RZ)_ L -Rfﬂgsﬂ{ DRAZ. '§B€R*|) BRSg, _&k@i‘_& GeR* 3,

SnR*3, PbR*3 and the like of where at |east one ndn-nhydrdcarbon at om or
gr oup Aas TBeerPilRider-GeR Wi-t SR DhePhiRdN0 eud by like, adicrsR* is sndependently®- , - S- |

-Se-, -Tevoas hi hal= - - =P-. - AS( <~ =ASs . -Sb(R*)-, =Sb-,
-B(R*) -, }gﬁg%ﬁl%éf‘?lﬁ%bﬂ fﬁg“gé)(“&’jwf-",m!°§éﬁ?£%3‘?m 3‘156‘(“%?59 thd the Iike,
wher e R* issbstitutielme nosibstityted sdnyraicd,qartiajly unsatusabdorardydticroglicatlipolyaydict wo or
nore R* m?%l %oi n together to forma substituted or unsubstitated saturated,
partially B8 St ed or aromatic cyclic or polycyclic ring structure.

[ 0040] Hal puoaopy| Habsdhu®al radiodlare dakiGd! i whithWak 6P mBRSy fociBYIGyliogepcar byl

hydr o 8” 20 atonms have heen substituted with at | east one hal ogen (e.g., F,
d, BrfY | ptogis havn Regle prbstiiiedivithiig legst onpbalegey (c.e CEL Br. dooriplogenst i t ut ed

hal ocar byhoﬂtﬁﬂﬁg%-}nﬁp@é’.g,cpﬂi cals in which at | east one hal ocarbyl hydrogen
or hal ogen atont has been substituted with at | east one functional group

such as Ni041] ORBubsgared hafgmbyl médicals andgiti]s iSlwhkich at BRst onBRHaEcartyil R* 3, GeR* 3,
5nR*3, Pb | [ ere at .l east one.ngn-carbon atom or group
has been %u%%ge? ce$a ﬁ@moé%ﬁa?aﬁ&{' E‘% ]%gﬁ %@gur o wrltg ?Ics?%ﬁt onq fctional group sueh as’_ g
-Te-, - N(RRfz OR*N\SeR*®, ngﬁ*,)PRS*z, *%,'M"BER* , BRAS SRJB’Wh 3,)SnR*3‘;V$iIER',"3 anB( R*) -,
=B-, :SK = - R*),2-, -Sn(R*)2-, -Pb(R*)2- and.the |ike, ere R* is
i ndep%ﬁdeR&% I%xlfé x ‘P%? 6%%55?}?6 %ﬁ-cﬁ%mfamhﬁ%gﬂeﬂ WGV?%@J&”{‘ thet at | east
one hal ogedlocarbyl radical such as -O-, -S-, -Se-, -Te-, -N(R*)-, =N-, -P(R*)-, =P-, -As(R*)-, =As-,

-Sb(R*)-, =Sb-, -B(R*)-, =B-, -Si(R*);-, -Ge(R*)-, -Sn(R*),-, -Pb(R*),- and the like, where

R* is independently a hydrocarbyl or halocarbyl radical provided that at least one halogen

atom remains on the original halocarbyl radical. Additionally, two or more R* may join
30  together to form a substituted or unsubstituted saturated, partially unsaturated or aromatic

cyclic or polycyclic ring structure.

[0042] Silylcarbyl radicals (also called silylcarbyls) are groups in which the silyl

functionality is bonded directly to the indicated atom or atoms. Examples include SiHs,
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atomremai ns on the original hal ocarbyl radical. Additionally, two or nore
R* may join 30 together to forma substituted or unsubstituted saturated,
partially unsaturated or aromatic cyclic or polycyclic ring structure.

[0042] Sily dicals (also called silylcarbyls) | n whi ch
the silyl un“@/ona |ty is bonded directly to the indi gé@gg“w#’om or atons.

Exanpl es i 2876NE4SPCB, ~ WO 2008/ 140875PCT/ US2008/ 059734 2007EMLASPCT
Si H2R*, SiHR*2, SiR*3, Si112(OR*), Siii(OR*)2, Si(OR*)3, Si H2(NR*2),
Si H( NR* 2) 2SiHGR Y, MRFIR 53 SiRIn,SiHHOR*), KeH(@RN) g SROR*}, Silﬁﬂ@\ﬂé'ﬁ)j SIHNR*a)hydr ocar byl

or hal ocar jadic d {wo_Qr re ma 'oi her o form.a
subst it ut e@&‘} %ﬂ?ﬁﬁi‘? ﬁ?%‘fvéﬁe : ?pgﬂgnblﬁﬁﬁ ':fyiﬁadlfflfaé’udonnti c
cyclic or fmaldrenet Re n{ay_ﬁlgn&igbthﬁiibrf&m 5s1{b91(i)cﬂtalieeﬁmgﬁaﬁ&wdanﬁaéh Palusu;( al so
cal |l ed gernyl carbyl s) are groups in which the gernyl functionality is

bonded di r'gﬁewtqd&rﬁwgwflﬁaycéapéaoa%mspgmﬂage Exanpl es i ncl ude GeH3,
GeH2R* ,5 Geighd# gi%% a%'l'l?tfd@s)(alsﬁedﬂ@ eﬁr%&ca@?ﬁs%)gﬁ)upgﬁl%%g ermyl

GeH( NR* 2) 2 Ge( NR* d the |'i ke wher i § i ndependently a ydrocar byl
or hal ocariygetionglify isch Oﬂé%ﬂlteﬂkby triherisdicatrd awmporjatsing. Ezgmplneinciude Gellm a

substi t ut 1 M 4 p@l@t (%tlggF
aromatic ﬁc |;u§§ﬂ%o Ggﬂcfg%ﬁz R(j‘?ﬁ&%ﬂ? @%&iﬁﬁgg ar ?Ja [ )dr pol ar
groups ar ebefN8dps anﬁtthkch/harer@'nemapmdeﬁtlyradtyldmabykq helecdsbylaaticallandect |y to

the indicated ato nor . at o 1 ero 17 of
the peri odid o B Clrellen Reab i rrtts SOHIELT SelRER Sru PRl cct e
to ot hir ejnemteaobm-oﬁﬁtiab)&mobmﬁ@/canMmrmteract| ons such as ionic
bonds, V\aal s f es 15 h drogen bqn g. Exanmpl es of, functional
het er oat OM@M ai bl %@a@? polef gfogagar B TO0BS P Yiic Cl‘a"’c‘i“‘é%"at%fe cHopalifyeis
car boxyl i GofgddafictERtROMNIchEd 8BMict atobR! HAXYinbiadoREEbless aﬁp@lqhmﬁs and
t hei r chal cogen (Grou& 14) anwues al cohol s and phenol s, ethers,

]

per oxi des tfheF sapteasborcang ysspeerg cikhar gloge Olfﬂﬂaﬁ%{?iqdd@ﬁth&h%lelﬁﬁf-ﬁes
ami di ”esag:rg%%lgh‘? bofts ok 8%@1“&1%% iGAUEH & icRlb vzag Ex]r u§l§ fort 1ges and

i m nes, nitros, nitrogen conpounds s, sel enium
aci ds,15t hliwﬂwgashdnﬁmgeﬁxampjbsf @ﬁ@mnaIMemwQqunphungMMmsmlpdmﬂioaﬁss

T T T e e L

supports alieid chalcogeni (Gmupppy)aﬁalogaég alcaliomaiﬂrphamlsabmansmrm@db@ ad | i ca.

Preferred anpl eg of oI r rou Iud R, TeR*, PR*2,
A5R*2, Sh rliyé"’lq%%“ae es’ E’[F}rlg; Fﬂ%é}l‘g"‘hﬂ mitogsy
i ndependeaﬁ&w s bﬁ/amassaﬁiamlss aSiHRs hﬁd M{u‘i‘éﬂ gl %ﬁ%r&ﬂér,mﬁfghﬂ)ﬁﬁﬁﬁﬁﬁhwr

substi tuted halocarbyl radi cal as defined above and join

t oget RAr ®Yiurgeids. sclspinmnacidsthiglsorulfiges, fyHorides: adfones moarlé@s Mﬁmhaw y
unsat ur at %ﬁleﬁ%hog]i;t & edgﬁlgr unsﬁbst | &ﬁéﬁée%ﬁt{s A1y, &[eyrrﬁmt&%%ﬂ I'n using

theterrrs' tut ed cycl opentadi en l'i gan
"subst i t ugesapsmay slsubstaken iresiily todeelyde drgapaapblymersuports pmnergamuc support
unsubsti t ut (taed I

i bst d
t et rahydr0| n(ﬁlensyf:ﬁ) I g%’“&”{a%?ﬁg“’%ﬁ%ﬁﬁeﬂ?su §?s°tftpﬂ ar%,fg{%sun Fﬁ‘bﬁg b?‘l gand
may be hySeE’(:dTeRyJ PR’s,Lmﬁt*iz,tS]iRe*gi SR*IBRE S By, Pk aadihYike whtte St ik ut ed

i i 20 ¢ hidepenga b, s el ot esbaoled Borany

l'i gands, hsiicr &fdeanddibive Andd#0 %S mS/ join together to form a substituted or unsubstlmted
saturated, partially unsaturated or aromatic cyclic or polycyclic ring structure.

[0045]  Inusing the terms "substituted or unsubstituted cyclopentadienyl ligand”,
"substituted or unsubstituted indenyl ligand", "substituted or unsubstituted fluorenyl ligand"
30  and "substituted or unsubstituted tetrahydroindenyl ligand”, the substitution to the
aforementioned ligand may be hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted
halocarbyl, silylcarbyl, or germylcarbyl. The substitution may also be within the ring giving
heterocyclopentadienyl ligands, heteroindenyl ligands, heterofluoreny! ligands, or
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WO 2008/ 140875PCTM52008/ 059734 2007EML4A5PCT het er ot et r ahydoi ndenyl |1 gands,
each of which can additionally be substituted or unsubstituted. [0046]In
sonme enbodi ments, the hydrocarbyl radical is independently selected from
nmet hyl , et yI and isonmers of propyl, butyl

heptyl, octly % nony? decyl 5 undecyl, dodecyl, trldecyﬁ&ﬁ#%¥ gﬁ%cyl
pent adecy| 2007EXH4RGT | heptadecyl, oct adecyl, nonacl ecyl, eicosy

henei cosyl, docosyl, tricosyl, tetracosyl, pentacosyl, hexacosyl,

hept acosyl hetootetaydyindenybligands whch df mihanhaat ydditigualiy by substituted oy | , pent enyl ,
hexenyl , hmﬁt§$¥g octenyl, nonenyl, decenyl, undecenyl, dodecenyl,
trldecenyl %%cenyl pent adecenyl, hexadecenyl, heptadecenyl,

oct adecenlynoms]onames@ﬁ:a;efnboﬁhﬁ@cs &Hé’hydrdlfdaﬂﬁfl fdRery indieﬁkﬂﬁﬁﬁ@@h!ﬂeetecﬂ-ﬁ?m
tricoseny et racoseny ent acoseny exacoseny ept acoseny

oct acoseny‘ln E E and {spmers 9f BRIDY1, by lopRARKH hexhepiyl) octilnonyl, decyl,
hexynyls haﬂtaasmdode@pw&yh teﬁ@dl%ljlt p{éma@@ﬁ,mwdecﬁ EMEA, ocae&spynyl
tridecynyl, tetradeCyn pent adecynyl , "hexadecyn hépt adecynyl ,

oct adecynwon wa@é@syhiwnel@md mﬂilmm@m@trewylnwmwé dsyarpsyl. tri cosynyl ,

honacosy mierree T DAY NonacFK BESIMM bropHEE 1RGP Sikheny RELRADS KHEny1
hept adi enwﬁenwbntaunﬂn@cpn)dmdcheaﬁyﬂqdeml thideeahyk totfadecéhyopentadbasdeld ar e
i soners of 3 i% - ar t }a%{ehun atur t ed, and ar

pol yeycl i '3 ruentytj Wherei’R A ey e ef’e%fmg&edlﬁ Wéﬁofvx'ggo%cﬁg}ygct ed to
et hyl phenyl et iyl phenyl . Sthyl phenyl’ hs-ﬁ"?“rfﬁ‘l"m”‘“*“ﬂmf“ﬁ“’“ ¥

nmet envyl , | n ,, © en |l e en en

0 r ooy | pHERIICBU L FaUR: By horvish beRfyeyt ot KB gVt

cycl opent Yindecgigl aﬁaeatn?nmdecﬁw h@naxsyl, ﬁéﬁ@dd@&%?ﬁ Hé’)ladedj}ﬁ&lhb{ép%ﬂ%ﬁl exyl,

cycl oheptyl, cycloheptenyl nor bonyl , nor bone adamantyl and 't e Ilke
For this @c@decyayly @nwleplmmyédxenmgosmdﬁmosypﬂ triseyazh tefragasutyly adi cal

type and ng% o?géo [subj ected to
t%g subst?%ﬂ??%%gﬂdg%#%g@& B@@é yEQﬁQakP@%ny Qﬂhﬂ ?ﬁ? adltals listed
i ncl udé awuwdgmwkmqmaﬁmnyhhhmn?ﬂwﬂdﬁpwdppﬂo@nmbﬂﬂio@mﬂhmmﬁ muhhm&hmﬁmr 25
exanpl e, o)

tert- butylgﬁ&)y]&lgll %%&?QF95%¥§M%%3%%%@ﬁ ﬁ%j?%t ﬁ%ﬂyls) pentyl
i ncl udes [pepeydhy Istru(m;ded whemhyﬂe radieal nmgtabdahmmjylbe sﬂajémetdlw Itlimgrpds of

3- net hyl but

cycl obut y% Shﬁ‘ F@B@Q@}z’g ) Eg%%dﬂl‘gﬁg e‘?ﬂé@:@g@a@ﬁﬁy%m&&ﬁéumg enyl ,

2- but eny lethyfpheiii, Q!Mylplﬂenf‘[egrhwdpﬂlenﬁf g lheﬂyl | m@hAbQRGINYAphthyl,
2-met hyl -1 - ropen - -propen (and cycl obut enyl § 'and

cycl o op aggny s@V@PPeéWéMﬁBEﬁ‘F&FHM eysiRhesylpesc qhg)gqnﬁhgle tpweiabﬁxa i somer
forns, GHRPR I aHQx‘ﬁ? ! Lyl R

nmet a- met hy¥phen }%aﬁg%%gpﬁggﬁﬁwmﬁ&t%é@gl met fﬁd Eggmllﬁu ncI ude

2, 3- di net ﬂyclpmwhenarm@l Wélﬁhéllbhéwgtbs that redical ptehapd pﬂhethyt radlcals formed

2, 6-di phe l R and |
[ 0047] Exa?r%l esg{#&g%/lc oﬁsen %eg#i/ esu qutl ?m?dl g’gﬂ% %Phﬁ)%/usﬁ at ed
bel ow as pliyyl oddlctahehstedg;mhdhaﬂ[1@&14:&]1ﬂclﬁdmglgrha’arabprﬁpﬂ@cf§ichc Bomeafobon at om
that b3 pg:{atmp €, blfiltyf&/lcluhgs nr-llaurt])q EEnre C pli'lcgp%l I t}llcthylpropyl, tert-butyl, and cyclobutyl
(and analogous substituted cyclopropyls); pentyl includes n-pentyl, cyclopentyl, 1-

methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, and neopentyl (and analogous
substituted cyclobutyls and cyclopropyls); butenyl includes E and Z forms of 1-butenyl, 2-
butenyl, 3-butenyl, 1-methyl-1-propenyl, 1-methyl-2-propenyl, 2-methyl-1-propenyl and 2-
30  methyl-2-propenyl (and cyclobutenyls and cyclopropenyls). Cyclic compound having
substitutions include all isomer forms, for example, methylphenyl would include ortho-

methylphenyl, meta-methylphenyl and para-methylphenyl; dimethylphenyl would include
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this definition, an indenyl ligand has nine ring carbon atons; a

cycl opent adi enyl |igand has five ring carbon atons and a flourenyl I|igand
has 13 carbon atons. Thus an indene is equivalent to a Cp ring with two
al kyl radical substituents and a fluorene is equivalent to a Cp ring with
four al kyl radical substituents. In addition, the cyclic ring can also be
hydr ogenat2eddimeylpbsyhp [2et-diniethplphienyt, @i5-dimtthelphengit, 0 2i6rbigheyylmkihgiang,d-

di - hydro, M%ﬁﬂ&%&ﬁgﬁ{%@?gﬁ%ﬁfl uorenyl ligands are suitable. [0049]

The nmet al | ocene” compoun erred to as netall ocene, netall ocene

cat al yst [H0®@Lr sBrampdes of aycdppatediegnyb and indang)) [igandsetailllusteted belowrae ppt &ff er abl y
cycl opent @gglga%{ds derivatives of titanium zirconiumand hafnium In
general , useful titanocenes, zirconocenes and hafnocenes may be represented
by the fol®M8l ngAf'singeirben atgm'Xi a CBbohaowithst isigiait of 4 felicEigdtrucert By, and is a
G oup 4 malialieddiiehelAk Y] B ' haf nj refera

zi rconi um or T@?t%l;]’um héé}yishg‘%ﬁggﬁ%ﬁgﬁ ggé}?’%‘%mgaré 3%’3%%@ ﬁgaﬁgéégent , In
pr ef er r ed figerising| cadon tinss ansl @ dlounnylr igandiihas 113 ydasboh yatomsd Thid ety limdetdiyd |

et hyl enyl NS LY ERY: 'tgg%]]%'ﬁ ! I I 0 ndently d
to C16 al ﬁ?'ll r_adfocaﬁ:l?oré_wpllﬁhenyl, to fﬁl,s\&gsgﬁh%?éfag%%gg%&aeﬁgﬁuﬁgﬁﬁf éifajand when
A is bri dgagwith fer elylahdical sutsiivense fn adilitwanthp eyddic riag eani alsodre hadvgsotefor m L1

and L2 arg,th . dif t WkircS: dj e]‘pw Wale I R ]
tetrahydrgoirnééfgnr} _Ig’ngr ongéﬁ{?l r.°n’é§‘%n9gg?‘%“ g’hgll y déd%ds%fh S’%’t %rd?wf H)édtm are each
bonded t oflngrem ligandsiare suidblar e t he sanme or different cycl opentadienyl,

i ndenyl , Leahygl Qi | bst.i d.rings, in
whi ch anyfﬂ?vé)] a?ﬁlggdee%%g%%?ouf)ﬁ@%g&? (ﬂ;eékeﬁ% %dsa%ér}?é éd%ﬁ%?’oﬁn%?foééﬁ%g?ng(% to form
a subst i t preewscaror gafsly practugerskl psefid heneint aseipreforablyl aytlopentadaylidesivaioes wr

aromati ¢ gygl i CihnRQl ﬁ%f’lﬁ] i .4 d._. re in ndently,
hydr ogen, ha og%al%?m%@c#? e radlﬁlg%ﬁgsﬂ?lt’ ﬁ%@?%‘%&%@% %%%P%g ess,amgﬁﬁcl Gt ed
hydr ocar bipay bergpreseinted bin thedeltomtind formudaecal s, substituted hal ocar byl radicals,

silylcarbyl radicals, substituted silylcanpyl radicals, gernylcarbyl

radi cal s, or substituted -11- AMZ'M“MOB’?SPCTNBZO%/ 059734 2007EMLA5PCT
gernyl carbyl radicals; or both Xare0i~gd and bound to the netal atomto

forma netal |l acycl e ring contai ni n'gZ from e?f?o(ml) 3 to about 20 carbon atons;
or both tolgeet.h_er can be an olefin, diolefin or aryne ligand. [0050] The

fol | owi ng” af €.r epresent ati ve constituent noieties for the neso-netallocene
5 conponevitis tief métal cented, 4nliliy a Grbw 4 insetal ipBeférably itdAniist, rzatdniem PY hp@Rgs only
and shoul d fnog be construed to be limting in anyway. A nunber of final
conponent®&® ﬁ%ylyﬁgc%WJ‘aﬁk}m’ber nuting al | possible conbinations of the

cloEslt it uleenﬁs anlxi»peibﬁaﬂeﬁriﬂ%ﬁ@gxeﬁllﬁ: Ivhioh hgresedih lﬁfprlbfﬁﬁ‘é@lﬁﬁﬂidﬂjﬁlﬁntsaild Eél&tiﬁi frade | udi ng
al kyl, a ) kyn c oa 0 nyl ,. cvc yny n
aromatic cﬁ%@‘%i%lg}’ ?wg%é%ﬁtp%lc%g@ll k#qzﬁgaﬁ@?&ﬁﬂrﬁ' I?'Fé&%é)r FﬁhFIﬁcﬂ{ﬂﬂ’ges al |
i sorreL S. clEmbe ir(ﬁjlc@m&fﬁﬂﬁr@i tclbalqlhlkjdrtlﬁdiMBSplgbn?lutdI)H, xﬂyl[fﬁii&f}’hﬁt%@llﬂée, ancli
tert-buty nd, cycl.oput yl: pent i nc) udes n-pentyl, 1-nethylbutyl,
2- et hyl B’(Hef}%,lséﬁ“xﬁ'ﬁf"ﬁg‘w@%ff?@ s%'feﬂ)?f"‘be’eoapﬂi‘f’mﬁg%‘@ P v el opentyl  and
ge'lt) h%/I cy|dJI (ailidlLyhrf ﬂlmwaﬁl I B\t diﬂ%&h}l@ﬁﬁ;p&xtaﬁ&h 51112 éﬁd@ﬁﬂﬁte@ihly&mgid&@tmﬁ} f]u&i@ut enyl , I
- but eny - e -l -propenyl, 1-ne -2-propenyl, 2-nethyl-_ 1-propeny
and 2- rretrir?ﬁ‘f”-OQQW@YV)W?F&#H%XWCW%LR%&G%% OELr %@1 Tegte tp%saﬂlﬁﬁdéiffefe&Panot her
group, }‘@?clfipemﬁieﬁ;g,. itﬂel}gal,owblw 'xma@,nl tci.&dflﬁiiibﬂyl !oﬁﬁd)r%éﬂy? sgbstituted rings, in
n- propyl cycl opent adi.en i sopropyl cycl opent adi enyl. an ]
cycl opr oﬂé’l‘@f@?’%‘éﬁ%ﬁcﬁk]ﬁﬁq“p{)% fiogs @@ﬁ@?%aﬂyﬂ%%ﬁdlwé%fﬁb%s‘@?m@%%s not ed
Idn thﬁ rﬁlh&ﬁb‘zﬁtmgd,sg:ﬁthieﬂ,lrpahﬁﬂ%r Uﬂﬁtuﬁdtléd,zbmd_ tic(r‘?ytlf.lﬁr oly&yRlic g@l{)ﬁifﬁ@nel 3, q
i met hyl gyc nt adi en i ncl.udes 1, 2- di methyl cycl opent adi enyl an
Bt ety 6 SHISHASPD, LSRRy (HAIRgSh k. Adlral, Harocarbyl Yadicals,
substituted hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals,
silylcarbyl radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or substituted
-11-




20 met hylindenyl, 2-nethylindenyl, 3-nethylindenyl, 4-nethylindenyl,
5-net hyl i ndenyl, 6- nethylindenyl and 7-nethylindenyl; nethylethyl phenyl
i ncl udes ortho-net hyl et hyl phenyl, net a- et hyl et hyl phenyl and

par a- ”Ethyhﬁﬁﬂeéﬁﬂﬁgyl To illustrate nmenbers of the thggé%%%ﬁﬁ% Fa

conponent ahy conbi nation of the species liste These
i ncl ude on200TEMIASRBETi um zirconium and hafnium as the netal conponent and
two of the ligands that 25 follow nethylcycl opentadienyl,
dinethylcygﬁmpbm&aﬁmém#h;rbmhnémﬁmeunhﬂbemﬂHﬂMenmmdamnnoﬁrma

tetramet hyl c nIadl et h clo en

di et hyl cyc’fng%g aﬂé‘ﬁﬁ? %%WEW %/3p ﬁ??rl XWW{%?P@M‘@&&Wl enyl ,
butyIcyclOﬂaﬂﬁaduﬁmﬁhmwdnhahg&ﬁycIopentadlenyl pentyl cycl opent adi enyl ,
dlpentylcycléﬁentadlenyl 30 hexyl c clopentadlenyl

di hexyl cycl08lnt afhefllpwing asropreseatagperangliipent moicties fos theynesguneslionmsdi eny | |
octyl cyg! opgoadiesptbrmi @B! rh@mlmﬁnmtﬁegh oo} W& bipeoRgE eny!

dlnonylcyclopentadlenyl decyl cycl opent adi en cyclopentadlenyl,
undecyl| cyctoBHEIe %M@ﬁmgQU@EGVWC%@M@ﬁ@nﬁﬁ@wbﬁynmnwm{nﬂﬂb@ﬁnm@@%ﬁPC

T/U82008/
tetradecylcycﬁﬁg%' gméégF penbgﬁﬁ%éﬁ%@gﬁ%ﬁgﬁp&%ﬁgﬁhamhoﬂwr When
hexadecyl d;ydtwgbyﬂtladicﬁmmlcluding pikat) eﬂ;yhsdydkjmgb yaoklleydycloalkenyl, cycloalkynyl

glc'é gggfglyc%ﬁgl goﬁfa ?%W'},yarehcgﬁc ?sgtggy%gf\éﬁ ntéa?eézﬂﬁcludes all isomers. For

docosylicy aixapple] ] éitildes h-buh yhélribRpEMteachueydnd cyclobutyl; pentyl includes
tetracosyl cycl gpent adj enyl, 5 entacos | cycl opent adi enyl
hexacosy! CYTERbANRSBYIEHYT. 2meiyliusl § mes i bi5enl st Brpy, heopentyl, cyclopentyl

oct acosy! GghRRGRSShEAY butey? ﬂﬁﬁﬁ@é’ E ﬁIYcFZ ?&ﬁl@ b Wb%i@l; 2-butenyl, 3-butenyl, 1-
tr|acontylcyclopentadlenyl cycl ohexyl cycl opent adi enyl ,

pheny! cyc s fuermyl [-egthykarnyorepyl rdtreonenyl and Z-methyl -2-propenyl.

tri phenyl rﬁp%!
tonIcycIg%%h@g%ﬂ%ﬁﬂ%ggﬁgﬁ?£g%§ g%@%#%y?éﬁef engYhylcyclopentadlenyl
cycl oHéxy Ipnepyleytlogentadpapk 1adu®1ypnopﬂ16thqpnﬂa§1bnglabm@)ﬂca&dlopegwdzenyl and

met hyl phe ienyl, nmethyltolylcycl opentadienyl,
nethyleth3¥&§%§%&§§P q%ﬁ?%@ met hyl propyl cycl opent adi enyl,

met Ey: Eut ydlmsypl Op@gér&ghl &hwhganﬂﬁﬂ;]gﬁlhﬁ@ Iﬂbf;éJli ﬁMﬁ}a Rk R?{ﬂmclude all
met hyl hexy pent adi en t hy ptyl cycl pent adi eny

met hyl oct W’E‘ée s Ko expple, ‘H& )‘I“gﬁ’WP@?‘@Pﬂﬂ’é‘m‘i&aﬂ@nyl

met hyl decyilfauph @@%&ﬁéﬁl&i}l/ﬁnd N3Mﬂ5@éﬂ%éﬁt§ﬂé}ﬂpﬂethylmdenﬂl mcluges 1-

propeEKIcyclo enta ienyl , butenyl cycl opent adi enyl, inden

net hy BP ndasihylinéenye 2 tmdthyligdanyl. 3-me y’@dmhlmethy deméxi mmmwdéﬂw

A R R R R

et hyl i nde n;eta-mghyipsuyiphdvhgdd pata:mlyﬂhylntliglpixényl pPEm ﬂhnbﬂratdmnmbers héthy hammtmmy I

heptyllnden octylin .d lin hen denyl ,
(f1uor opheﬁyp?‘f%@é’ G Se%ﬁg‘%ﬁfpﬁlﬁ (ﬂﬁléerv]s)?fé sﬁ'i‘% g‘ﬁ%&ﬂ@?se ”}}(5“&; one

(bi s(trifbfsrueive, kirbonpivemd t)a:ﬁﬁdﬁtaythe it obiypdrzahedayd two phée #pddas yat ndenyl
benzyé%nd W%ll benzindenyl, cycl ohexyl i ndenyl, nethyl phenyli ndenyl,

et hyl §1 Wdenyl , propyl phenylindenyl, nethyl napt hylindenyl,

et hyl napt Mhmsiaapema %)mhiaaﬂlcgmbpéh%lfeﬁ I, tri:ﬂ&ﬁ bmenyl
(di met hyl phenypi ndenyl et hyl'p enyplndeni ethylphenyplndenyl
(propylph@ﬁ@@ﬁ§ﬂ€ﬁ$HWﬂ@ ofshleystomentydieny ﬁWﬁhﬂ@@k@@N@ﬁﬁb&ndenyl 25

A T e %%‘“ﬁ‘)f‘ e

tetrahydrébwubmdqymwmmﬁkaMMQkkmaﬁanmbLd@d@ﬂqumanmyﬂutubst|tuted

fl uoregnyl clo dlenyl
trine?ﬂyl%ﬁ?f? f§P08§n¥ @%3??% °B?ﬁ%%ﬂ&f@?¥¥%%% dlenyl
trirethyl a@&qumxkbpaﬁmhﬁw{Hﬁmgmgtth@aﬁ bfnt?dlenﬁl I

cycl opent i en rany cyc opent a| b] sel enopheny
cyclopenﬂ%&ﬁ#@& %ﬂﬁ@ & ’5@3@@%@#ﬂﬁ {ppentadjeny, penta[b]phospholyl,
cycl opent ah&R éi ehltadich chm&n&ﬁid%ﬁmwlydodedwybmb Qpental b] thi enyl,
nmet hyl cycl opent a[ b] f uranyl , nethylcyclopenta[b]selenophenyl WO
2008/140875PCT/U520081059734 2007EMLA5PCT nethylcyclopenta[b]telIurophenyl
net hyl cycl opent a[ b] pyrrol yl, net hyl cycl?opent a[ b] phosphol yI ,

nmet hyl cycl opent a[ b] arsol yl, net hyl cycl opent a[ b] sti bol yl

di met hyl cycl opent a[ b] t hi enyl dinethylcyclopenta[b]furanyl,

di et hyl cycl opent a[ b] pyrrol yl, di met hyl cycl opent a[ b] phosphol ylI ,

trirnethyl cycl opentalb]thienyl, 5 tr|nethylcyclopenta[b]furanyl




et hyl cycl opent a[ b] pyrrol yl, ethyl cycl opent a[ b] phosphol yI,

di et hyl cycl opent a[ b] t hi enyl, diethyl cycl opent a[ b] furanyl,
diethyIcyclopenta[b]pyrrolyl, di et hyl cycl opent a[ b] phosphol yI ,
triethylcy Jthienyl, triethylcyclopentalb]fur

triethylcyc open ﬁztg] pyrr ol yI 10 triethyl cycl opent af b?ﬁ%%%ﬂ%?%?ﬁ‘

propyl cycl SHEEMIMBPERi enyl | propylcyclopenta[b]furanyl,
propyIcyclopenta[b]pyrrolyl propyl cycl opent a[ b] phosphol yI ,

di propy! cymd@nmhwtmmhyétradehmolpwmﬂnwpmm{ebﬂléyﬂ@whmenyl

di I

tripr oy STErReai Pt r%n%m%%@%%@%ﬁﬁ ek Erdnepen,
tr|propyIcmmhd@gh@dhﬁhﬂMﬁﬁﬂlMhmy&§dbﬁm@ﬂﬁﬁ E&&k@@&ﬂ%ﬂ&@kﬂmﬁﬁph0|y|
O RS, ooy oyt

di but y|53y yﬁ%&bﬁéﬁkﬁi&i&l h&a&&&%&ﬂﬁﬁn%%ﬁ&laﬁ%uﬁﬂd}ﬂopentadlenyl
dlbutylcyc opent b] pyrr ol Y but yI cycl opent a[ b] phosphol yl

ti butyl cycorsericriopentadionyl, nonacpsrlayglopgniadigaeh trigepntylaylenentadienyl,

et ny ot P oeT A BRIk Rhb ey PO PRERTIOL BRI oy

et hyl met hytripenyispeepcafadiepyls tetrbnhienyleydinpentadibnyil.dylylcpgepengddizhphos phol yl |

et iyl pr op P Sl RREH . Rl RO R B e PR 1

EUE ylhrﬂé)t E)ﬂﬂpﬁgrwwaﬂfgﬂﬂmeﬂirbhe@;ﬁgﬂgﬁﬁtﬁwnwﬁilefﬁ@ﬁﬂﬁfﬁf’&l%’lfd[ﬂf;]ﬁﬁﬁi’h h vl
utyl me ent a rro utyl ne c ent a aspho
cycl opent SHEPIHPERGPCEh BRI bilpaPURAcDe ?@P@éﬁeﬁx Ttgléyvé%% liend

cycl opent aldthydpdntyil pidpenthdiers y%m&&gkfdlwéhfaeteﬂﬁi t ﬁ;%e‘ﬁlaﬁf%ﬁ?thC" yl,
cyc open

cyclopentaNhrsonI cyclopenta[c]stl net t hi en

met hy| cycRsseRecy eclaperiadicnyL athyfnanyloyel Bil ewjgyclopentadienyl,
t hyl I Rb&kd&dn %ﬂ%} F‘ﬁm 30

ggthzlgzglopentakphospkaR? fhm cyc %%%gﬁ%%?ﬁ?%ﬁkﬁ+&¥&hQ$Xénd

met hyl18y c mesphetinddayk ﬁnmmdetdl,ﬁmcﬁtylwywlnmm@)dﬂlﬂmw pyttamethylindenyl,

di met hyl t I

di et hy| Ey RO i fonsls R o TR Y AR B e bipytindeny!,

trirnethy mﬂatyt]efhyhndmn pﬁopylﬁmtbiﬂyxll lmﬂﬂindwmp&{l@hmeﬁyloh&(&hndem

zone o qT/I':"PISLa‘[‘g]&}/ A Rergst R b aherakidambny

et hyl cycl W@kﬂtfmﬁeﬁﬂytmeﬂqﬂﬁmhﬁ)ﬁﬁmpp BipabhAiRyayp! vl |
et hyl ent a[ e] phosphol dieth Icyclopentaklthlenyl

di et hy? cy n¥pEemet II“Y@PWIS‘H denybimpinglndeny ephengnihrylindently benzylindenyl,
di et hyl cyséneea )é‘[c?]:lgﬂééﬂﬁ&lnﬁ me{hgrlpﬁéﬂ]{ml&?ﬁgk gﬁﬁigﬁﬁ]}&éﬁgﬁnyl

trlethylcyclopenta e]furanyl ] triéethylcyc pyrr

triet IhyI C?@Pﬂp@m’hﬁ@?ﬂﬂsFih@b@ﬂhpthﬂmﬂpwlmlmémmeaﬁf mopyiydtgthylmdenyl
ropyl cyc r [ 59

b byl oy o ARG RN o BcARPLENDIORR ArSERUbARA I cny1

g! pr opy: cwthbﬁﬁlmwmdrlfwf , @nypylplenyidingdngy F&nnlpﬂpbdngrbmuéﬂyﬂzIt@tfahydroindenyl,
i propy! cycl opent aMohqgs o ripr cycl open ien

i e
ripro n

butSIchlggﬁn ]furaﬁ ?ﬂﬁgutylgchppeﬁ¥§i§?§§rrJ%il d&%ﬂﬁ

but yl cycl %@Nﬁ@%& |°9tﬂy1 &Ibéé fuled dpereaplen 5atﬁretltlﬁmhy|

di but yl |yl

di but y| ﬁwﬁp%"ﬁ‘em i‘IlﬁI‘IIﬁ%?EII%‘I“;’I}‘ ] Th eny!

trlbutyIcW@mw dyle m*m@#@mwNMHEﬂwthyﬁevkm@pahuHLc]pyrronI

L hori, plSRRaakabRLOaRS] o ShArMELY LYELARERARE L1 et

et PKI lrret mvbbpeﬂtatb]seiewphtm@dbpﬂnsd[lg]ﬁmﬁfdphé@l @wbpéml[l?pﬁfﬁl[ ]ﬁI clt Ihl Ienyl

met hyl pr ro nt a[ c] pyrroly
nethylpro‘%x Bé@ﬂﬁﬁg EF%# ‘gﬁwaﬁﬁF“X 9?&%@Fﬁ§j9§§¥bpenta[c]th|enyI

but yl met hydibyleyohpeitkd|tbichyll a@tﬁ&tcymﬁeﬁta by T ety RS alb?énedwuéléﬁ&pﬁényl 20

but yl net hyl cycl opent aMphosphol yl , pentanethylcyclopen adi enyl

t et r ahydr oi ndenyl , nethyltetrahydrOIndenyI and di nmet hyl t et rahydr oi ndenyl .
Activators and Activation Methods forléatalyst Conpounds [00521The
cat al yst conpounds, described above, are typically activated in various
ways 25 to yield conmpounds having an al kyl group and a vacant coordi nation
site that will coordinate, insert, and polynerize olefin(s) or other
nononers. For the pur poses of thls patent speCIflcatlon and appended




WD 2008/ 140875PCT/ 1 | S2008/ 059734 2007EML45PCT Al um num Al [ tyl Activators
[ 0053] Alum num al I cyl activators are typically those represented by the
formula AI(R')3 , where each R' is, independently, a C1 to C30 al kyl

group, pre 1 to C20 linear or branched al kyl [

pr ef er abl y@@ﬁéﬁ\éﬂ&?s selected fromthe group consisti Eﬁ%?’“%ﬁﬁw ,

et hyl , pr of807EMI46RCT pentyl, hexyl, octyl, nonyl, decyl, undecyl, dodecyl,
(including all isomers thereof, such as isobutyl, isooctyl, etc.)

parti cul armythplcecﬁqmm@]&llwmplmm alektyylcyalepéneablpysoliylicl ude trimet hyl al um num

L1 - hexy PR R LR PR R P Bl g oS R e

activat or d:memyﬁ:&&yﬂ;enadwmﬂymdaﬁaeyl 9ﬁ1§m ehigfethyldyelopdind anmount
of activat at a 5000-fol d nol ar excess t%% 4 uy@as Cr)[bvggge(?lplt he

catalyst I LI G N SN T
acti vatpr -&igs FrayE Qfime tio. In general the
cat al ysgt) pr egg@scglrﬁéﬁée{lnagg ygct | vg?%?ik}%ern{emgg;nr{)‘fl ed in nolar ratios of

a:oout 1: 1ctn9@tllyicaclamm[b]p@osnholalt etbyloyalopeataiplthreoph ¢thElopdoneotafbGfutanyl,
alternatiy r 1:300 to
1:1. Mult |e%}%cjac!: %&b@%ﬁ%%ﬂ%@w{%{g@%ﬁ[%ﬂ@s&?@ﬁgf X1eth}lc§8§%etu9a[§jthjren di fferent
al um num ait&bdrlsyodnpeaﬂammmb&etlﬁrﬂ@&ﬁbe%tﬁ[@]pymﬁlylvéie;hylcgd:lomta[mphasphﬁljdm num
rati os are_ f whe 11to
175, 000 adrenaErons By} EicBilSrioPaR P e e e R D)

Al umoxiane tﬁahywsadl@feﬁwtbnﬁ%@iomﬁarwmmaﬁa[@mm wpyu@efopbmétmfmnﬁct i vat or

typically is preferahl f) EE“C | umi num_conpound rep resented by the
general 1 ar cyclopaal4IbgolyL, Py leyT QPR IERFECL i BoRHCy Jppentalb Hhieny!,

( Rx- Al- 0) i\ d{@@ﬁ ﬂu%nﬂ alb{bg@@y&@mgmwst common al unoxane is a
I C

m xture of the cyc and I1n mpounds. I n the general alunpbxane 25

forml a, |dt9tomécncmgt§ﬂhh@mnh91yéﬂ@rgpmloapmﬂb]t@awlcal for exanple, nethyl,
et hyl, d the like, and "n" is an
I nt eger f%?tﬂ%i%lﬁ}%m@ prae* tﬂ&’g:ig S?lf)ﬁélhg[ﬁ@hd lnand n" is at |east 4.

]Ic\/tet hK 115 alj |mﬁmarcmpdntn[¢vﬂphbs1¢dlyﬂ;@7 gj«dgchapemxgkhhiegl dmtiylcynkmema[é ffmanﬁd For

urt her S tion X

W04/ 1016805 15aE PR o vy Bachiiplomipisl SayescisemaiBitenl 054 016
4,952, 540 ,dlb'i%yﬂﬁb@elﬂﬂ'b]fuﬁnﬁ%b&?l@ycl@eﬂ&[b]ﬁﬁ'?oly15dtﬁiﬂ:§k9ﬁ6penﬁ{ﬁ]§ﬂosﬁﬁiyl

5, 204, 419, 1@506 199; 3235 081; 5,24 %Lf‘f‘ 032; 391, 793;. and
5,416, 229 [b}henyl,, RHH@CIBPWF?E‘% W tattthlﬁx&é%nta@]m t he

cat al yst - mﬁ@ugﬁg{mﬁ@@ pﬁggﬂhgg,uqmym cﬁ{pbﬂa Tﬁ@gfj’ton the metals, e.g., Zr

or Hf to Al or Cr) % m about ernatively, 12000to
10: 1; 28 téthmlarﬁthyéwyloneqdélfm@ylat@hsa!me@vtcmlmta&lépwolﬁl 500 to 1:1;

ethylmethylcyclopenta] b]phospholyl, methylpropylcyclopenta[bithienyl,
methylpropylcyclopenta[b]furanyl, methylpropylcyclopenta[b]pyrrolyl,
methylpropylcyclopenta[b]phospholyl, butylmethylcyclopenta]b]thienyl,
butylmethylcyclopenta[b]furanyl, butylmethylcyclopenta[blpyrrolyl,

25  butylmethylcyclopenta[b]phospholyl, cyclopenta[c]thienyl, cyclopenta[c]furanyl,
cyclopenta[c]selenophenyl, cyclopentafc]tellurophenyl, cyclopenta[c]pyrrolyl,
cyclopentafclphospholyl, cyclopenta[c]arsolyl, cyclopentalc]stibolyl,
methylcyclopenta[c]thienyl, methylcyclopenta[c]furanyl, methylcyclopentajc]selenophenyl,
methylcyclopenta[cliellurophenyl, methylcyclopentalclpyrrolyl,

30  methylcyclopentalc]phospholyl, methylcyclopentalclarsolyl, methylcyclopenta[c]stibolyl,
dimethylcyclopenta[c]thienyl, dimethyleyclopenta[c}furanyl, dimethylcyclopenta[clpyrrolyl,
dimethylcyclopentac]phospholyl, trimethylcyclopentafc]thienyl,
trimethylcyclopenta[c]furanyl, trimethylcyclopenta[c]pyrrolyl,
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WD 2008/ 140875PCT1US2008/ 059734 2007EML4A5PCT alternatively 1:300 to 1:1;
alternatively 1:250 to 1:1, alternatively 1:200 to 1:1; alternatively 1:100
to 1:1; alternatively 1:50 to 1:1; alternatively 1:10 to 1:1. Wen the
activator | xane (nodified or unnodified), so odi nents sel ect
t he maxi wm%ﬁﬂowgg activator at a 5000 fold nol ar e;}%élﬁgg‘w%?”“t“he

cat al yst pReRIEMWSPCher netal catalytic site). 5 The preferred mi ni num
activator to catalyst precursor ratio is 1:1 nolar ratio. Supports

[ 0058] Plr ef gty hglgﬁcln@mhﬁcmhymhob'y sﬂglwcl_ofaTnm&:]ﬂﬂénw e?iy'kﬁaoiaémd[&]ﬁeg@l,s :Jppor t
mat erial or.carnier e rt mater | .of ‘the conventiona
support mat® gﬁ?lgl?enﬂclfmoiﬂ? %&l?‘?’é’@@m@ﬂﬁﬁ’ﬂﬂﬁ‘@@ﬁﬂm&y& operdalgltyenbus support
material, SiethyRyelopdnelclfidhryl, dasitel1dyeRpaRcpyfrslyll AfothyidyoRberRAIPPASdphIGE €1 i al

i ncl ude zeol i t;sb]gcl ays,. .organocl ays, or_any other organic or inorganic
Y

support naftsHhy; Hﬂnﬁ[ﬂé‘“%‘ry driethleyplopepfaledfuteny; Bisthyloydlopayafelayles er r ed
t . . ! ! ! 5 e s
supports m&ﬁfﬂ%@l@éﬁ[&]@ﬁ@ﬁ&ﬂ&@ﬁl%%ﬁ%chthféﬁﬁyﬁﬁg%lWeﬁﬁ&%ﬁ%

13 or 14 netal oxides. e preferre S Inc I ca, may or

may not 15PIeBYlgispentatcdryrolylimsebyldyriopentalalphosphelyl tipra9icgdopsyalclthicnyl,

silica-al ug ' ﬁﬁﬁ% | useful supports include
magnesi a, u@ﬁ@#?gaoﬂzglhét ni a,yf’a@@% Fﬁgﬁ%n&#[@gﬁﬂtgopean Patent EP-Bl1 0 511
665), phyl dipoiylcydereptafdmtiosphedy], ttiplopylcydlapeata(dificRelt ent No. 6, 034, 187) and
the |ike. | pathons, of these. su t erials may be used, for
exanpl e, Siﬂpfo%gl_cﬁﬁ?%e% ﬁcr;h sﬂﬁl’?%%‘-’@ﬁi}’ﬁ%"ﬁﬁ'?g@h?g@iw itania and the like. 20
[ 0060] 1@t i tsippibglcedlometaldiptospHvty SuipeydopemhfRlthidhyl, FEAtydbpRARIFRfa%ylan

i norgani c ,oxi.de, has su ce area in the range_of from about 10 to about
700 oo, BOPERuRRc RO b S GEsaalr b heh e e Bpeicbiad co/ g and

aver age pafibi bﬁ:@eﬁ@[a]ﬂarahp@diba@t&ﬁcl%enft&[ﬂ 9HHib§tﬁ@thp§Hrﬁﬁ[€]ﬁg&PE&I}1, Mor e

preferably, the surface area of e support naterial ange of

f r om aboutttiBEyicrrlensatatcltbeoyh iribytylqyslopenselclfwranyd tribvtyleyelopantaldpBraly, about 3.5
/ d | [ 10+ bout 200 Most
75 208 e sieaapitaitg apnlgamaga o 20 o

preferably the s ar ea rial’is in the range is from
about 1$00 ethylmébyleyciqpentafzifyranploetbylusthylnyclbpomalelppmolyl). 8 t o about 3.0 cc/g

and avera ' ' s b about 5.to.about_ 100 gm The average pore
si ze of t%%y@gétﬁlg‘foﬁ?é%@i‘ﬂhlg??hf’ﬁg] W‘eﬁ?yg‘?{f’i’%?yc}q}’ﬁ?%f&ﬂt&vnﬂas pore size in the
range OL ﬁmeﬂhylﬂrﬁp)tlcyclkﬁbeﬁ@[p]fpnaﬁ;frlemathiﬁlprﬁlcyﬂgpd@wpé]pﬁﬁﬁﬁh , and nost preferably
75 to about 350A. .30, [006 I n er ephodi nent _the support may conprise
one or nofEHX l‘iﬁ‘:l"&’ﬁ'ﬁﬁ% O%Pagﬁﬁﬁ’awgmﬁﬁ’ﬁwimws@hmﬂat ed differently.
For exa”p%&mhﬂ@ﬂ:ldﬂ)eﬂﬁ[@]ﬂﬂéﬁyl?bﬁt}lﬁfeﬁi}lcy@lb{aér&ﬁ&lp&ﬁﬁ&l,had different pore

vol ungs or had been calcined at different tenperatures. Likew se one WO
2008/ 2408 upinsthyjeyrinpantals iphgspholyl, pentamethyleyclopentadienyl, tetrahydroindenyl,

methyltetrahydroindenyl and dimethyltetrahydroindenyl.

Activators and Activation Methods for Catalyst Compounds

[0052]  The catalyst compounds, described above, are typically activated in various ways
25  toyield compounds having an alky! group and a vacant coordination site that will coordinate,

insert, and polymerize olefin(s) or other monomers. For the purposes of this patent

specification and appended claims, the terms "cocatalyst” and "activator" are used herein

interchangeably and are defined to be any compound which can activate any one of the

catalyst compounds described above by converting the catalyst compound to a catalytically
30  active catalyst compound. Non-limiting activators, for example, include aluminum alkyls,

alumoxanes and combinations thercof.
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2007EMLA5PCT coul d use a silica that had been treated with a scavenger or
other additive and a silica that had not. [0062] Preferably the supports

have been cal cined at tenperatures above 500C, preferabl y above 550C,
preferably or above, preferably above 650C, p ably at 5 700C
or above, e%ogsylé‘gq%/ above 750C, preferably at 800C or é’lg c%l'{%S] In an

al ternat e 2058M148PET t he supports have been cal cined at tenperatures above

200C, preferably above 300C, preferably at 400C or above. [0064]1n anot her

enbodi nent A!ddﬁﬁumrA&whmte not been cal ci ned. [0065] The pr ocess of

| oading th gﬂrom’ rec or, on the su t materi aijl veM

conbi ni ng 9 supPOIHUR 4 V@I%%W@Pﬂ@@aﬁ%ar@ﬁﬁé? by gmeﬂg (B3 :.60C or

above, or Jh@&eh ALY ¥REpenIORIyATURS CIY alRyIQEdpShefetARICHgR M IRBaSItPPOr t 1S

based on the anpunt of reactive noi eties on tfqe surface of the support and

Ithedd((35| r%@é@‘?@f@@@%@@?ﬂeﬁ@aiﬁﬁ%g Eﬁf@‘ii?ds%?mlﬂ@ﬁﬁ’lﬂ’@o@ﬁwﬂg&ﬁge fromI no

oad (np ig) X 0 conpl ex

i s dissolved #% a}ln%lﬁp)golﬁgﬁsp fy\?en%}l g&ﬂ’:gansyl’f C'H{()ig‘gr?ye&é}ei%? Ehqiﬁ%%ne or

hexanes, tall igpmarhitheteof, sughze isobufplk @porawl ¢te.) pattigdarlyTivefrred lvmingmi adkyilypi cal | y

heat ed at . L 5 hours to 48 hours. On

conpl etiona%_g‘%ﬁ%gl{c?%dggﬁngﬁﬁm eugthgbeo ‘%’qj%g?laﬁl'n'?u%@,é'ﬂ?lé Or can be

fsep?[] at ed tfusobntﬁaljmhmmrlfi-md{cﬁylhiyminuhi, txa-momjfla&nﬁilnumeddﬂﬁliks or reac]t ed

urther. a e process.can i nvo n ui nol ar

amunts of%ﬁ% e ;jsm&.%ﬁ‘gﬁﬁiﬁ%@&fgﬁ&me&mgfﬁw%m. ousl y
cal@ n t §tQB§ator latla SEVOLBIAEN all/aical @dch K06 tHead

overni ght. The supported chromum (111 )Sdl phenslhl am Ijn;e}? recur sor scat alyst is

then washd®eSHFseRPebmeakfatalyticsitel die minEugy acHTRtpToP-opiglysHRrecusns s 1:

modi fi cat igd)ar éwl zhagen&a%éda%sﬁﬁeaiﬂdrgmtﬁé&w%g %ﬁ%ﬁ'ﬁ&bﬁgrﬁ% X(R)n

group with an rou ocene conpound IS on the support
by met hod®f RbmWﬂa 10.80¢ weabAuttIO 12 gltevatiyely fronf DOYH) toHE: 1 calteaatively Spsit e HO
descr{ Ded S Mofilivdly 11596% 52! o ORI ATRIARL WL RRFHALsfOT @ Of
nononers. Typitca i NET ude Mononer 0 30 car bon

at ons 15preticarchigqsu@rﬁﬂemﬂdhﬁanemhmmunaﬂﬁylmrﬂumo&hw ably 2 to 8 carbon

i moar br AMAFa OHCEYRYFIE CHRERLGR RPRRE RS Mot LIt e e

di ol ef ns; oladybeakyWHeanthad: 106 ICSYOUOId@p@Hﬁﬂng%%ﬁ:@ oh@fibfisand deiesyr , branched
or cyclic poI yenes; |inear branched or cyclic al pha ol efins. Preferred

mononers PHPFLIE¥E one or nore of ethyl ene, propyl ene, butene-1, pentene-1,

4- et hxl -pentene-1, hexene-1, octene-1, WD 2008/ 140875PCT/ US20081059734
2 Alumoxane Activators

%

[0056]  The alumoxane component useful as an activator typically is preferably an
oligomeric aluminum compound represented by the general formula (R*-Al-O),, which is a
cyclic compound, or R* (R*-Al-0),AIR*;, which is a linear compound. Most common
alumoxane is a mixture of the cyclic and linear compounds. In the general alumoxane

25  formula, R* is independently a C1-C20 alkyl radical, for example, methyl, ethyl, propyl,
butyl, pentyl, isomers thereof, and the like, and “n” is an integer from 1-50. Most preferably,
R* is methyl and “n” is at least 4. Methyl alumoxane and modified methyl alumoxanes are
most preferred. For further descriptions see, EP 0 279 586, EP 0 594 218, EP 0 561 476,
W094/10180 and US Patent Nos. 4,665,208; 4,874,734; 4,908,463; 4,924,018; 4,952,540;

30 4,968,827, 5,041,584; 5,091,352; 5,103,031; 5,157,137, 5,204,419, 5,206,199, 5,235,081,
5,248,801, 5,329,032; 5,391,793; and 5,416,229.
[0057] When an alumoxane or modified alumoxane is used, the catalyst-precursor-to-
activator molar ratio (based on the metals, ¢.g., Zr or Hf to Al or Cr) is from about 1:3000 to
10:1; alternatively, 1:2000 to 10:1; alternatively 1:1000 to 10:1; alternatively, 1:500 to 1:1;
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2007EML45PCT decene-1, 3-nethyl -pentene-1, norbonene, norbornadi ene, vinyl
nor hor nene, ethylidene norbonene nononers. [0067]1In a particularly
preferred enbodi nent the process of this invention relates to the

honopol yne f ethylene or the copolynerization t with at
| east one {31022%4 rzg having from4 to 8 carbon atons,%i@%@%%ﬁ'@?4 to 7
carbon at o27EMHASPCTI arly, the conononers are butene-1,

4- et hyl - pent ene- 1, 3- net hyl - pentene- 1, hexene-1 and octenel, the nost
pref erred dermviletanedl]: l,bajnmiamrely &060 wclt B akerhativieBOGA]0I to 161 sltdpeatively

particular]y,breferred e e pol yne roduced herein is a
propyl ene Jni?{g‘ﬁﬁﬁ nB' .aﬂefﬁ Vﬁl\éﬁﬁpo &?heflﬁl%? LHRIPRER i s
pr ef er abl yalm&éhnaemadiﬁ@& uhin@&iﬁ@d) Qirﬁd’ﬁh*iﬁ%dm%hts@)ﬂ%bﬂtﬁe HRAMIB amodBtbfl N one

enbodi nent is a to Cl12 linear or branched al pha-olefin, preferably

et hyl ene, 5tivapat 368?9 folbmolapsxerss overdht eatlyst BrepwRer (P AR Satalytie giled,
dodecernsg, ﬁéﬁé@é&ﬂﬁlﬁﬁﬁﬁ%ﬂ%&t&t&‘@&%& pREREEMiols 13, molarrhéid, TBL hyl - hexene- 1,

and the like. In an alternate enbodihent, ethylene is present at 5 nol % or

| ess. [006Q] har@not her enbodi nent the polyrrer produced herein is a
honmopol erET‘E:!ﬁ'—IS copol yner of one or nore |inear or branched C3 to C30

prochiral [@058ha- dtreferably the ca@Hlyst oysB3s of lthlgm&cmtoa iiniludg aclygfortsatenial or

mb f f b d. b ifi
and. non- s anish FAERppEPRRRIF Qi SRS oRTon b s b P BY B T o

nononelds tshpﬁorﬁe&mtenhhe a porolBiupport ﬁfatehSIQ forekdniplQ tal6,)andl i Et@i'g&ﬁicl oxide@! ymer when

polynerlze u5|n er eQs eC|f|c cat st(s). 20 [0070]In anot her
enbodi nent ﬁe?a?% Be de 779 ?ﬁ)’é@agaee » ALY QitiShefgaRie or norganic

gr oup- contsapmtmmslﬁ%kwpmbeoﬁo car bon atonms. Suitable
aromati c- I‘OUECOI’lt al ning nononers conpri se at | east one aromati c structure,

pr ef er abl m ohe Preferradsupporipaterigly ae inomsnie cridsh &nqymcludmemﬁﬁroum Ruor enyl ,
or napht hwl ONEY, nprises
ot 1onst ane Bof o mOR GART LSRR GRRNA LG SRACDRLH by bbREy OTPT 0
t he arlénmatbe dehydragest fureedisilick, ablanipe NERS/G003H sihe- qdurhlylmd inamh'bnhermﬂ' he
aromati c- L ont ai.ni n rt.her_be sub th one or
nore hydr %clgllré@aﬁ &egﬁlp &Py nc Moy ﬁemagne%m t%fmrfl’l APEG BY 5?“1#’8%&&%{'“ :
groups. Ad'duehu EB:BI[ 0y H ‘li@S)aphyﬂiﬁﬁﬁéatei u&ﬂitdsltulcl €l (UB\Patest N6 6,03d,189) afner m a
ring stru referred aro con ai ni.n oner s cotaln at
| east one ﬁﬁk’? W%WBP%"{;E? a Wﬂ’@g‘ﬁg rexagapley|sthican ¢
noi ety. Paﬁrbhﬁlﬂy%ﬂicﬁ—aﬁﬁzﬁﬁzﬁ&ﬂleéiuﬁﬁﬁmwlilEQnOfTEfS include styrene,

vi nyl t ol uenes, vinyl napht hal ene,

al pharret hf(‘llgsq rene, para-alkylstyrenes
allyl2 Bf/ SPWE%W@ thaééﬁéemrtlrgatma}smépw&mbmlnwa@@ g¥idh das a

4-pheny| ut ene. %tt& i \Q\O %88/ 40875PCT/ US2008/ 059734

2007EI\/[L45 cfﬁfﬁﬂ‘] Fi‘nﬁ? ?‘Fé"&'y 9 foabgyt PEYORERSHB 8% e al so
usef ul nDRBARLELEY BiaBout BEGA: MARVERESpatale 29 Th Mdtakke dfSroalabead PN at ons.
Sui t abl e non-aronatic cyc%e@ﬁ) group contai ning nononers preferably have at

| east one2bsyt Yo Moredrgiesably, thegutiens aquftwumweryémme T@Fgetoﬁe cyclic

structure e gyclic truc re. | i re 5 may
ol eoba § afalu B sl S e Borevalym ‘Ir‘g"“ﬁ 6@3%% ﬁ?gﬁ gSadicr as, but
not |23 t sdrdge parficlk stz@ offrda abbkt)D t@HRPT00 K. eﬁ/DEﬁ;Q@feﬁEB-tﬁdfsm&d dredOfCl i C
group contai ni ng nononers include vinyl cycl ohexane, vinyl cycl ohexene,

vi nyl nor bibasupportanatsrial idmthemengo d fivemn ebout 00 topbout 489 ertés, perpoblimerftoene,

cycl ohexe n Preferred
& ol of m a0 8 B8l £9Eore MO NALE BRI R Bionl B0l gt DU RL e

average pore size of the carrier useful in the invention typlcally has pore size in the range of

from 10 to 10004, preferably 50 to about 5004, and most preferably 75 to about 350A.

30 [0061] Inanother embodiment the support may comprise one or more types of support
material, which may be treated differently. For example one could use two different silicas

that had different pore volumes or had been calcined at different temperatures. Likewise one
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10 structure, preferably C4 to C30, having at |east two unsaturated bonds,
wherein at | east two of the unsaturated bonds are readily incorporated into
a pol ymer by either a stereospecific or a non-stereospecific catalyst(s).

is furt red that the di ol efi n nononers be m al pha,
onega dleﬁgﬁﬁgﬁG%@%i .e., -vinyl nononers). Mrre p §#§§%§ﬁ§;{f
dlolefntndN5ﬁﬁhﬁ4iBGTI| near d| vi nyl nmononers, nost preferably those
containing from4 to 30 15 carbon atonms. Exanpl es of preferred dienes
i ncl ude budoatdigae silipethhitthd ®eeh, trdaesdadibeneavdngaiondihengiditive aadla sifies thatdaddi ene,
decadi ene, undecadi ene, dodecadi ene, tridecadi ene, tetradecadi ene,
pentadecad%%ne hexadecadi ene, heptadecadi ene, octadecadi ene,

nonadecadldramr | clRsRAIENEe spBHR K98 BEinVAR ncl ACLHPSRRS abdveis0ogadi ene,
tetracosadi ene, pentacosadi ene, hexacosadi ene, heptacosadi ene,

00t ac0s adiRsErblysharse Rt @rricrablyaf P S rRrsbpeenareferbix #houe 870° preforably &d
di enes g nc’ﬂoﬁ‘f@mjabﬁv@‘g&g 815 Bove 3753’(9%% d]:ﬂ??t dgoé@@or fepadi ene,
0 1I-dodeca

1, 9- decadi ene ecadi ene 1ene, 1,12-tridecadiene, 1,13-
t et radec adﬂ@ﬁé dndn kiteanato twbedimentyibe gitpporsoliayb bmd:rabmé af tetpérelweest han 1000
g/ mol ). o FWale] paN | vi nyl nor bonene,
norbonadlene ‘%@ﬂ%l géﬁ@yﬁ%re?ﬁ%&g%m%%%mﬁyﬁg@ﬁgghgxw |cyclopentad|ene or
hi gher ri go6pnt anlandt@er(imbbafmﬁt Wetsbppms%ve\mtmmcalsiub&tl tuents at various

ring posit 07 eferr enbodi nent one or nore enes are
present O o p r’éwiirog&@é %%PIW%O&@@MPQHP%H% fogel¥tabl y at
0. 000G% t Qoﬂab hélﬂl (%t aer &Ws@&'eﬁv&e@%ﬁe&t@eﬁsﬂ&'aﬁhb"(%r #BYRA) o0l €

preferably O % based upon the total weight of the

conposi ti A9 era@@wé ?Sm%?&mecswrmgﬁ@ thewpethchaeqﬁ'@nr efaemetiofio t he
30 polynerl %ﬁ%&l ieti fﬁftﬁémayetft%’eﬁisgar%ndtﬁé %gﬁg m or
I en | S a to t

| ess. In other e iments at [east 50 ppmo
pol yner i z grdcersor Ioatdulg)@mpmgc dromey load @p catglyst) praxoess (11108, loadimg). The

2008/ 14087 / 45 0 i ment

et hyl ene St r%rlrop (%mgorlcgglﬁy gslggv %/gh Jt?{fctgrdc{ﬂg?%’g;eflp?% é?lﬁ{)rgrg%}r%\? ¢conononer s
to fornm atdlesnp @l kexanes, ﬂih;dlmrthé aupporl niaceriahis added. This rmxmmnbtypadallpheanéd

aIpBa ole%hg nDno rs havkgq%4gﬁﬂmaggy d%ggﬂg%ggﬁﬁﬁnﬁ refer ly 4 tg 8
carbon a erre
terpol yrfei'&cﬁdiﬁtﬂéd ﬂohedéatayﬂ‘@tea&tsbm;ﬁ b6 klaraddl ﬂi‘inh&ﬂyﬂ:i}?t‘dﬁﬁét@ﬁﬁﬁ&:‘aﬂ@%ene 1,

et hyl ene/ pr opyl ene/ but ene- erne/etherne/hexene 1,
et hyl ene/ pabysgf é%t’éJOfrﬁ%ﬂc@érf'ﬁgﬁé & spp@tiegliydhe mereywtﬂr%hecﬁ?@%'tgesses

[ 0075] The, iaY%éun%’B?tE@éh?Aﬁﬁﬁh !)Scﬁ@{?ﬁ chiARGt MR QNRa ArbviGudlyt 2D e Tor

use in a 10 solution, gas or ‘sl pol yneri zation process or a
conbi gat i gatcmtrbaté©$°c),pn é‘ﬂm tat the slovated t@mpphalsﬁeofdrﬁo‘ﬁﬁl prerpiplis dhe suppared zat i on

process. V. ous is
reant o sypublo iy oby RhAGH ks Bl AUPHER AR e GRS Wil
|nterruptmmmﬁnﬁmm@smbbﬂMmmﬁanmaxSmmhenmmmmmMMumm&mepmdmmeﬁnmhwmgaduce a
polyner d be on t he r nts are co tln intro ced into
e or | moRMRR B S it Mot Srmouni s ARG 5 SWPOHAY o
[0076]|n MRtofBRWNIEHe At NI S |nvent|on is directed toward the sol ution,
bul k, »sl urry or gas phase pol ynerization reactions involving the

pol ynmeri zRidneerf one or nore of nononers having from3 to 30 carbon atons,
preferably 3-1IZ carbon atons, and nore preferably 3 to 8 carbon atons.

Pr ef er r edl0966lone The ¢atalyst sxstantsalesaribpd hesciafcambospd Endhe nolyresrization afene ene- 1,

more of monomers. Typical monomers include monomers having from 2 to 30 carbon atoms,

preferably 2-12 carbon atoms, and more preferably 2 to 8 carbon atoms. Useful monomers
30 include linear, branched or cyclic olefins; linear branched or cyclic alpha olefins; linear,

branched or cyclic diolefins; linear branched or cyclic alpha-omega olefins; linear, branched

or cyclic polyenes; linear branched or cyclic alpha olefins. Preferred monomers include one

or more of cthylene, propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1,
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20 4-net hyl - pentene-1, hexene-1, octene-1, decene-1, 3-nethyl-pentene-1,
and cyclic olefins or a conbination thereof O her nononmers can include
vi nyl nononers, diolefnms such as dienes, polyenes, norbonene, norbonadi ene,

vinyl norb yl i dene nor bormene nononers. Prefer ol ymer or
copol yner pﬁsgﬁ% ne i s produced. In another enbodi WEQ'J(‘MS@%%E@P

honopol ynme?00GEMIASRYT ene and a copol yner of propyl ene and one or 25 nore of
t he nononers |isted above are produced. [0077] One or nore reactors in
series or daaemaar,al-mﬁ:hyirmytebel useshriane iroebopiadRad tvinyh uebbinede, etbgiidehy St

precur sor g activator may be delivered as a solution or slurry, either
separ at el y"VE"THE FEEEESr, activated in-line just prior to the reactor, or

preacti vatpgegnd Bwﬁaﬁibu&ﬂy®fbfél€ddl ibo@ithehiOthel hicaéks OF thisl ilvdn¥iod Rldiddo gRACt or .
A preferred operation is two solutions activated in- 30 line. For nore

i nf or mat i oMPIAROlEIEHEAION PEethyene R therorplymerirasion of ehyjereswitthat deastcaiigt or s,
pl ease §eecoh&%n5’ﬁaﬁﬁhn§kﬁonﬁ4 W oafien atcmg BR2rboi s, tﬁaﬁ;.%ﬁlaf@f erences

may enphasize gas phase reactors, echni dues described are equally
appl i cabl ethe epreanemersiayplasenstl, faaathydpentenanh b-uetthylpesenet In henese-d tand petener ank

reactors, lrs,llt&ér:ﬁé(stg %Hﬁéﬁ%ﬂéﬁn@?%ﬁéﬁ@ 1Ia|n5(3vﬁé*iyrrerl zations are carried

out in either SINQlre reactor oparat on nononer, cononomers, WO
2008/ 1408196437/ USﬁ@ﬁ&h&ﬁﬁﬁMaﬂ@ picevied sRibddiomhtathy pdljmet produced hers‘néwenger

and opti onal d|f|er are added confi nuousl a SI Ie re

Seri eb. r odRRISRG SSRGS o RSN T he R SRRV e B A0t each
of twolgor t60L2e lihdAGraiched s tRelitimehonidr, 284 irfshe ekibBdifiRhEb ¥ §4 t6 CIPAHAES: can be
added to the irst reactor In.the series. The catalyst conponent nay al so

be added thEnshedalpha:Qlefin, prefershlycthylgnes butgns, Beriene: Isarieg henins codtaesnoneie,
reaction @e&neméeﬁe,qmﬁ%hteﬁal C’i-&@ﬂhyh%ﬁféhélﬁ $3,5,5 9@} e £ RO nent

500 ppm or |ess of hydrogeh 'i s added he pol ymeri zation, or 400ppm or
| ess, @pﬂrﬁlmaﬁe@%ﬁ emmdm%ﬁ@memmn@témd%@siesﬁo ppm of hydr ogen

IS added t e i nore 10
Gas Phase [@@ymrﬁﬁgﬁ%ﬁ&%%%t&%&% 5Hu|9§]d a I zeggld’%p%ed process
usef ultSherepatyrharof pnoctunem gnq:m blybmndl;ed 623 gra@&@)pmclstaﬁ aiaha okaﬁnsaorrGSrtg 3fle or
nore nononers i.S. con |nuous fl ui ze b d | t he
presence Of'€§° Epme Qlefing, L %%“?c?ﬁ%q%pﬁ% PENE PR ?rr eamis
Wi t hdr awn sfefeaspetific aﬁdl ﬁd)rdstéleﬁhpbﬁﬂc adslyste (Brodhadl, bagded hevem, fdﬂ@s foandofiers

Si mul t anequs ol.ymer product, 15 i vmthdrawn fromthe reactor and fresh
monorer |§haé{§’d%‘ifﬁi=8’f?’e nQf dsofagtic ielartCRPLYFRT GYhsR PelsmsTizaddiBingy anpl e,  US

Pat ent N0§tere{l,zf,§é§c%&9|yst@588 790; 5,028,670; 5,317,036; 5,352, 749;
5, 405, 922 36, 304; '5,453,471; 5,462,999; 5,616,661; and 5,668, 228; all
of whi2Bh #0030 y| ﬂlyanq&@@mpb@fhmeu, the menemesyfo be pelymerizsd FompriRs aromptiehas e

Pol ymer i Z@f&uﬁ% nthﬁ&ggﬁdﬁoﬁl&é tafQUpHESH b Mrﬂﬁ e afbmic Bropp- 0P =" ates

between 1%to out at no ere pressure range psi psi, 103
IcPa to S%Ralmag)nonomemeommseat least amdammammmwﬂeprefmwhﬁomgm thfee(QC t o

pol yrrer 1 SOROPREROLH Bt protat carp IR ent T et e ch

containing monomer further comprises at least one polymerizable double bond such that after

25  polymerization, the aromatic structure will be pendant from the polymer backbone. The
aromatic-group containing monomer may further be substituted with one or more
hydrocarbyl groups including but not limited to C1 to C10 alkyl groups. Additionally two
adjacent substitutions may be joined to form a ring structure. Preferred aromatic-group-
containing monomers contain at least one aromatic structure appended to a polymerizable

30  olefinic moiety. Particularly preferred aromatic monomers include styrene, alpha-
methylstyrene, para-alkylstyrenes, vinyltoluenes, vinylnaphthalene, allyl benzene, and
indene, especially styrene, paramethy] styrene, 4-phenyl-1-butene and allyl benzene.

-19-




25 nononer and conononers along with catal yst system are added. The
suspension including diluent is intermttently or continuously renoved from
the reactor where the volatile conponents are separated fromthe pol yner
and recyckgﬁ) g@i%ﬁgally after a distillation, to the reactor. The liquid
di luent e o?' I'm~the polynerization nmediumis typichPWsﬂﬂwﬁ?Eﬁne havi ng
from 3 to 20@7&MIIPETons, preferably a branched al kane. The medi um enpl oyed
30 should be liquid under the conditions of polynerization and relatively
inert. \Whe[00d1jor openardimsic dydlic groupedntaittheiicoess adislio Refudpehéhasd above the
reaction djluent_ critical tenggrature %nd pressure. Preferably, a hexane or
an i sobut al&He dPEHHTARORATSICEY eRtaly By aTRen ot Shitthle nog-gsorasticoyelie

pol yNer i zago@p céaiming tHéRom &S béferitily hive at RYK Bhd Mlyh&riAbholehal drdupiBatds
particle faorm pol ynerizatigon, or a slurry process where the tenperature is

WO 2008/ 148tsprotinyon Hreyolostyg tupy IS psToYRBp strusBirp T hersaclicsiyetzet ur e at

whi ch tdhe aital ' §ﬁjar ' ' Engﬁ(& in the
art, an% d]glggc':ér{i Beedﬁ;l)tﬁérfsil)l roi r@{)ﬁ %J(E:d ee%ggloPat en‘%cgﬁg%r%éfg%lé%%&u e |dst5]’f ully
i ncor por at €Htafelkyl igyoups f RrefsrrednorFiremptiedyshic gubup eontainiag moeothers fnedpar ti cl e

form proce ' it hin . of: 0 5C ta.about, 110C. Two preferred
pol yneri zaﬁ%ﬁ%@f&%&%ﬂ?y@@%%ekvﬁﬁ%ﬁ prp%ng é%t}slﬁé‘fege #%g%néenghpl oying a | oop
react or angyclopasadittte] ¢yickipagers, piclohakdnt ycyolobsttid, viagladanemeine ad the liker i es,
paral | el , onmbi nati ons.thereof. Non-Jim.ting exanples o lurry
processes Lﬂh’@‘iud r%ﬁ?&ﬂ@&ﬁﬁ@%ﬁeﬁwg@h‘ﬂ@ﬂw n r@tdg%% ydrogadhon ot her
exanpl He Gtrubtutl] pitfepdhDE €8 EPE3IR hSViALR 100 unbanl/BclBHRIA] wilein 45 18dB1wAB 4,

which is fully incorporated herein by reference. 10 [0082] 1 n anot her

enbodi mentof therwsamted popdsgerseadilyineonporpiediingnn pelymen byirithen aptarepspedilisgy
reactor. ThemCadrasySificublRi). aeis %riﬁfef‘é&%rﬂe@tﬂa?ﬂ@ n%noﬂl\%;]s_aoe%l};‘ctéc{ ee

flowi ng powder, is injected regularly to the reactor | oop, ichi1s itself

filled w tfhonealpbay lomegardiend menomens (i.gs dinving npuloyers). Maretrireferablyi the dioflifilnuent  of

i sobut ane LNJ Q Eﬁ; r . opt i ongl.| may be
added as altﬁ %ﬁ%‘&% ggné\?g@g lggoﬁg?lg‘-lgm?ﬁqﬁ%geﬁaed%%ggl %‘éarllt t'ggs%?fn%ﬁ(#%r 15 | ess
of hydisogearbos a@dde xamoplegiéiprefpmedaticres fwlude bRadien pemadidne Ixadi¢nept her

enmbodi nents at. | east ,.50 m, Of dr.ogen iis adde or..100 .ppm.Oor nore, or
oo oo o epBiend S RaRBhe ARURHE RndstalRs fode i Trltmighe, o
pressure @ftradbBickEpehtodctaNéhekiRxadnadiaie, BRRicat, Wedédadiehe range of about

60C to about 104C dependi ng on . the desired polynmer nelting characteristics.
Reacti on MReBtdesadisnenisosadions,hsugiepstdigne; dnspsadiene. tacasediens, ieiracesadiong, 20 r eact or

is in the tpfeﬁ%ﬁéﬂs&fiex@, KoL saidRCADlaEkalicRE octdQRadibdd ﬁéﬁa&ocs%ﬂ owed to exit the

reactor at regular intervals or continuously to a heated [ow pressure flash
vessel20 r giaspytadience partieidarly preferred;diongs inalsled fi-aptadiene sletoesadienct bB- r enoval of
the isobu - di. | d I e . S he

rosul 11 ng Ry e DRt T MALSRE L TRRTRAROS PAPRRREET 1 307 ous

appl i cat i tatrmdecadiche)8ovrmeloaddreveighimbalghutetidnes (Me less e A00Lgedl)i n t he

slurry prgcess ,useful. in.t inyention is.capgble of and the process useful
Tt he | ot dish e g i e e S BBR S norboRB e P B Rour
(907 Kg/ hngrbotieiies diviitenadk ydigicRptadiéhan hpROQildehlamidc &8/ or, and
nost Er ef er,qa;bl y greater than 10,000, | bs/hr (4540 Kg/hr). In another
embodFirenPVItheE selistifuetts abvariops rMEROYIoRs-t he process useful in the invention

i's producigags3gr edf £hrctddRl eBodMEnt dis oPRofldidiel ¥ in O PbIyEB04 Ka/ hr),
oref er abl L arbat o & Peined crbocimont oA orio e H Plesttiin) B bty 100, 000
| bs/ hr ( 4Brodued kgrehyat up to 10 weight %, preferably at 0.00001 to 1.0 weight %, preferably

0.002 to 0.5 weight %, even more preferably 0.003 to 0.2 weight %, based upon the total

weight of the composition. In some embodiments 500 ppm or less of diene is added to the
30  polymerization, preferably 400 ppm or less, preferably or 300 ppm or less. In other
embodiments at least 50 ppm of diene is added to the polymerization, or 100 ppm or more, or

150 ppm or more.
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[ 0085] I n anot her enbodinment in the slurry process useful in the invention
the total reactor pressure is in the range of from 400 psig (2758 kPa) to
800 psig (5516 kPa), WD 2008/ 140875PCT/ US2008/ 059734 2007EML45PCT
preferably .8.(3103 kPa) to about 700 psig (4827

pr ef er abl yv‘ég%'lggkg’s(mw kPa) to about 650 psig (4482%@%0"%{3@
pref er abl y2007EM1d#5B0GT 525 psig (3620 kPa) to 625 psig (4309 kPa). [0086]In
yet another enbodiment in the slurry process useful in the invention the 5
concent r at {094Jof pr exhdrT erabddiman etiglene or progyl¢eredcpaymengd mdthaelasitve S i n t he

range of fr, apout 1 to.10 weight. percgnt, preferably from about .2 t
Lbout 7 wel iR EtonRme 1o hatti Bt REr o R b P Grosoder e AsIID TR gt

percent, nEpka-fleRi RoAGhts hdvinp AR0WLcarboh QtoRlROtbre @rofBhlIN Y 168 c&BHH atorh)
Honogeneous, . Bul k, . or Sol uti on Phase Pol ynmerj zati on 0Q87] The cat al yst

systens deSRHMHyIViteftdrast uarisne meserer s RrdgEduePYlymemsHesisdbioous sol ution
processes. cdaafeiidhd shch B G IERERINERS-1RRKMIEY, bhPleh@Probylef/Gidiel NUOUS T eact or

in which the polymer formed and the starting mononer and catal yst materials
suppl i ed, eropylengicthleng/hegeneddetbrlcnn/pramadens’ easheraeneraad therlikgr adi ents. Sui t abl e
processes operate 15 above the nelting point of the polyners at high

pr essur es, Pélymexidation PXOGSsdsar (10- 30, 000 MPa), in which the nononer acts as
di l uent or ghf,SOl Mt T 0 I rizatign usin ol vent .. [.0Q88] Tenper at ur e
control i n[“P f% r egl%etcc#alﬁg‘ %g?%tﬁlxgtcfy%?fmo‘i S‘é‘%oce? ﬁ@“‘i"ﬁé" Wétgtgle g‘?r “%%Wrreri zati on
Wi t h r Hact setutiondulk) gasuy stugGiolyimeriastichtpiod@ss ¢t @@binbiatich theredfOprefeadblst he
contents of . the yeactor, auto refrigeration, pre-chilled feeds, .

vapor i zat i GG Pﬂ*}sa aF Rl BRASE ROy RIPTIZFERR Progess. R Pracais e ontigpous

conbi nat i qscesd. BY dontificR8 is rAsHnBORfstemn thAIPEMRLCS (MMil MBI B RpihRIWiRRES My

al so be used. The reactor tenperature depends on the catalyst used. In
gener al , tiREITHRLONION Eessaiop e Fak hampler e e@tinupus pwnss\rapsﬂdb@wméﬁneab@utdl@oc and
about 160 r

pr ef er abl ;Bn f rwoﬁ rEnIPeat oﬁ%&%%%%%%ﬁt%%%{mﬁ%%%ﬁ) ?/%?P{%ﬁégér{mf e edriglt?%rr e may
vary dépemipdvgt is aotmuallyywithdedvai.ce. I n series 25 operation, the second

reactor t ature i s preferabl hi gher .t han, the .first .react.or
{emnor at ol ot thad i ldingh Wi B gk R0 GUF hd SufoRARICumyror
react ors ghephasepgioneitation ehcions Bdhving thepolyAsrizaliéDn oab ottinott df rioAbigrst O

2500 bar (25, 0Q0 a) ef er abl r 0 bar to 1600 bar (1-16,000 MPa),
most pr ef 35 sing 30%%39 hrbpp sigms %ﬁffﬁmgfi’]@:@%‘mw&)m’ ot T@f@m(f?rﬁglasﬁéo

enmbodi MentcadHEh atdM) PlefdrR8 SnoRbmB kMR dnk r MERNA ptpyleh€ bRRhy MBiehiad-1 0N, or
400 ppmor less or 300 ppmor |less. In other enbodinents at 1 east 50 ppm of

hydr ogén i4smefrelepenicac-1.exenst s peteney hideesne-lod-metfurl-pemisnsr 1, aat eclioplefimoorppm or
more. [ 009QLEBRBHH thbB&S %)tﬂér%{ﬁﬁﬁﬁ% cHhcRlS %ﬁgﬁ?&m&egy Afdideis SiHGL € reactor,
ont 1 gur ations.

paral lel or series reactor c c I 'qul d "processes conprise
cont act i ngientspolyenss,mothermeng norboripdieny\@iR0 68benmos: 7 seglidcusa0behes0734

monomers. Preferably a homopolymer or copolymer of propylene is produced. In another

embodiment, both a homopolymer of propylene and a copolymer of propyiene and one or
25  more of the monomers listed above are produced.
[0077]  One or more reactors in series or in parallel may be used in the present invention.
Catalyst precursor and activator may be delivered as a solution or slurry, either separately to
the reactor, activated in-line just prior to the reactor, or preactivated and pumped as an
activated solution or slurry to the reactor. A preferred operation is two solutions activated in-
30 line. For more information on methods to introduce multipie catalysts into reactors, please
see US Patent No. 6,399,722, and WO0130862A1. While these references may emphasize
gas phase reactors, the techniques described are equally applicable to other types of reactors,
including continuous stirred tank reactors, slurry loop reactors and the like. Polymerizations

are carried out in either single reactor operation, in which monomer, comonomers,
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2007EML45PCT above descri bed catal yst systemin a suitable diluent or

sol vent and allow ng said nononers to react for a sufficient tinme to
produce the desired polynmers. Hydrocarbon solvents are suitable, both

al i phatic ic. Al kanes, such as hexane, pent ' ne, and
oct ane, ar%&?@?@&?ed. 5 [0091]In an alternate enbodi iﬁ@éﬁ%@g i'Tuent or
sol vent ne300ZBMBASRET f | uori nat ed hydrocarbons. Fl uorinated hydrocarbons are
defined to be conpounds consisting essentially of at |east one carbon atom
and at | eamtalyiectivhtonscavengt,ami ogtivtkalapadificrabieyudddd dos@mioudn e dyiskflogen at om
A perfluorinated.carbon is a con;goungggg nsisting essenti aHX of carbon atom
and f 1 uor i &G M SCHRHTPGIY WHELOR 5 W ﬂ’ﬁla 18 RERPBAT “Bic, a1

to CA0 10 therdr hiees Radus beiecttd Bfsefieh The Catdlyit@ofpouds tdnRradadddmestirst N one
enbodi ment, the fluorinated hydrocarbons are represented by the fornula:

C'HyFz wheP¥iq B theseriey. The exlyst pompanentmpayAlso hsaddtaibpp reackss. Piong0, nore
pref er apl yoofdheRenl bdifly #dled RV 1BR%iEn RIEiBIRPlmoh &dloth@ rd@eor@nd still even

nore preferably from1l to 6, alternativel Is an Integer from2 to 20,

x 15
pr ef er abl 0#T8pm Fnioae ¢obodimpent 560 EP@D&EB%%VM@I%‘M@Q ey the palygterigationer abl y
from1l to el ] tier I i j nt eger
and at | eaog%4 0%& (\ﬂ‘ﬁrr%{S ’edrg Pngé‘rﬁé’g{%%“a 133/ o@%ﬂ@d@ba@%&%é@a&ﬁ?}%ﬁzf fg{? dﬁ%g%ds one.
[ 0092] | n cddeddnithediolpemdrizationnonitO0 pemadr ridre) or i ¥adpadodmeleocar bons are used as
the solvent or diluent in the process of the invention, preferably a
m xt url@ ofGss Riakd Palameriaitd car bon and 20 a fluorinated hydrocarbon, and

nore pref ly m xtur.e qf flyorinated hydrocarhons. In yet another
enbodi nenﬁl,i%tbghe %I"‘i%‘ia Yrdt éﬁ“ﬂ%ﬁgﬁ%ﬁe&@ﬁx’%s usefrLlicean fg profiERe BAYEES 4 t he

nunber of gﬁéeﬂ@iéﬁ@ﬁn%&ﬂiﬁjﬁ?%n& BembreWinoRidts e RSIH HABY ﬁx%ﬁlgﬁldrfﬁidized

Non-1im ting exanples of fluorinated hydrocarbons include fluonethane;
di f | uor ombedhintbe preseanes efcr tabishunsler repetiys constitings e Thegaseatis Sireat is dthdrsan

1,2-diflu : gt L] : 1q2= i | ;
1T o eRehy Aiised pla dltdhitel ARG MMieaclor: skt M6 plaice

pent aflb uoisceithdave frdm theroactyrand frash méhoien Bradgedap aspbace thelpothinidrized opr opane;
1,2- difluyoropropane; 1, 3-di Qpy- 0 X 1QrRRrOR ; .

1% PROBRED PRt el US PRIRERGE A3 a0, A8 100 SRR EIRR B 7036 e
-tri ’6136@,][7"1&}6@&,!922; 51433,334;t5,453L4m153416mf I N§616l661; dnd?5,668,228f dllief opr opane;
,3-tetr upropropane; 1, 1,2, 2-tetr uor opropane; 1,1, 2, 3-
raf | Hﬁawgar%’%@ﬁ&w Ofp ,hgteane‘rsffgfqr%?-gpr opane;
2(}’y’?-tet rafl uosrpropa.ne;. 1,1,1,2,2- pentafl uoropropane;
<9 JRERL SNISE 4 PIVHICEILAY

= YReEMaMan 1,1, 1, 3, 3- pent af | uoropropane; 1,1, 2, 2, 3-

UOGUBHPP2 NS urky otgndhirAridiEsHhcehd LAEARY PR betweon 1 0 about
2 2,[3- h]gxafl uoro%)rlﬁlpl)ane;1 1,1, 1,%%3, g\} xa?ﬁ ueor%egr otf)g]r)]%u; 20
3

8

atgopheref ressvns mangp &ifepsi tb, 785 psi2 108 kP30 S068(kPa) or even greater and

|
0875PCT/ 1152008/ 059 007 hept af | uor opr opane; .

2 S seais ik e daes of 1 Rabo it h s Rl Aol 3G BRAGRDE Biknsion of

r obsulidngarticulate gHljtherds pmbdine; lighidpoljrhdrizaticiiigMehediunt tadkkithior obut ane;

i fluorobutane; 2,3-difluorqQbutane; 1,1,1-trifluorobutane;

1 r i MPRYRIIDY sgreenomens atongwith qatpyshiystedinge added. Ehq suspengign gistndinge;

r i §ikidae i@ BldrAiteently ofooatibidubly YahQRH FRRFhe feadtoBwhat itefVolipicobut ane;
ri fluorobutane; 1,1,1, 2-tefrafl uorobut ane;

- t COPRENiHre Bepattad: from the polymep endateygled otntionslby: after a distillation, to the

o Wi AEHAGH RN cholbydt i AR ISHARIE S el distont  ane

, 4- hesingeffdnud feobedromestorts, refergbly @ branéted aliait Bancdium cmployed
12,2, 4-tetrafl uor.ab . 1,2 3,3- fetrafl uor obutane:
2, 2 Boi e YR EAE coguigons of polyeioh FAETHARES inery Wep apropane

medium is used the process must be operated above the reaction diluent critical temperature

O

3
4
t
t
3

—

ﬂ_-
PO NP WNN

and pressure. Preferably, a hexane or an isobutane medium is employed.
[0081] Inone embodiment, a preferred polymerization technique useful in the invention
is referred to as a particle form polymerization, or a slurry process where the temperature is
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nt af | uorobut ane; 1,1, 1, 2, 3-pent af | uor obut ane;

- pent af | uorobut ane; 1,1,1, 3,3- pentafl uorobutane;
- pent af | uor obut ane; 1,1, 1, 4, 4-pent afl uorobutane; 1,1, 2, 2, 3-

r 1, 2, 2, 4- pent af | uor obut ane;
-&géi}&qﬁuos}obut ane; 1,1, 2, 4,4- pentafluor obutl:'atcn'rmsz0{"%59734

%EﬁEMﬂHiRQ'bbut ane; 1,2,2,3,3-pentafluorobutane; 1,2,2,3,4-
robutane; 1,1,1, 2,2, 3- hexafl uor obut ane;
, ephimsiad ﬂm@em;tmitamat whigH the pdlyseBgoes 1o badutidnl (Soclofechinaqe,is well

ore ek yr ot ansiy bl ik A DEXPLLUOS AU ANR Koyt 303 4

,Lﬂcdﬂﬁtifﬁté& heEia lbytrﬁaencel 'Ifhe 3r&er&d3emﬂtﬁfﬁf—: linihe it iérm process is
4- hexaf | uor obut ane; 2,4, 4- hexaf | uor obut ane; 1,1, 2, 3 3, 4-

e rauige of shost B4 th A | (5o ltomiberred pojymmerization mothods for

: ﬁe 4- he 1!toa Fuor o(%ut aﬁl%yﬂj% e%t(ﬁ‘ m&‘&ﬁ%&fﬂl&%&%ﬁ%ﬁﬁgﬁ of stured
,r@c&rmrsemsapar@ltﬂl,@b mmbteauon_s men_eoﬂ 180 epxmplcsmf@buvane

fockissBERALLUSLONIRNS e dindced HSE! BHLUOLA A5
,pﬁooéssés netias‘chbmmmlﬂlmm Nib, 46 13,484 2wHicH isdulhointapbraed hbmainchye
4 4-octafluorobutane; 1,1,1, 2,2, 3,3, 4, 4-nonafl uor obut ane;

r%f #0%- 4_nonaf | uor obut ane: 1-f 1 uor o- 2- met hyl pr opane:

J00322- 3B ﬁﬁétlilét |eﬁib6&1ﬂi@@t, thé sﬁnglpidcugrzs)caznéﬂaidﬁ Yéri¥mOMARER a loop
quoroZnet pr opane; - trifluoro nmet hyl propane;

udsastop.. Th ﬁm Pt 8\@5@1 isobutang oeastat%fm%?ws POW@?W;?I propane;
r’r:at% E@édpﬂ#%ggrl])gfo% J@Xéttﬁr l&gﬁ%ch%s AsefFriiled Hit @frOiifing slurry of growing

, pent af | uor o- 2- nethylpropane
t prstiejespin a(dﬂuqm; pf)mhmp Xpntaipingaonomer and comonomer. Hydrogen,

f 1- 30
ocy%ﬁ‘&gui’%ﬁ,ﬂ& g o S U L S S e o
tridss aﬁhy@nqgeh (sbuddai;le]; 40D pbuﬁarﬂess bt 308 pporyarl leds uIreather embodiments at
t tetrafl | obut
3" e3P RSt Ry BB afel & 160 pos o i B DR ATE Lt ane
, 3, 3{qwspy af M@ath@wa&t&n@ mhﬂmea,aza§mssub@dﬁ6tmﬁpmmb@m 2ok
,2,3,4- WO 2008/ 140875PCT/ US2008/ 059734 2007EML45PCT

exaf | uor @ée}a@ﬂem@ iribe rangq ofabgutH0AC frabopt lﬂﬁ‘r%ém@sapaﬁ@ degired pplymeg 3 4-

hept af | uo o)) I rbons

i ncl ude dhgﬁ%gr omret ngs R@eraH uqlc??tc}%ret QJE:EJu%%ﬂI& uorret éaér#(g%ﬂ %ﬁ

trifl @or omabtanm,m ﬁlblﬁmmmﬁatdoable-,]achetdd fipd., The?slmratusaﬂd:wtoemlnﬁneeactom ataddi ti on
to those f|

d h drocarb n rinated
hyclr oar bR AHERRAT S PO RRiy BT fB o BESufkah Bt o By il O
Fl uor ocar hiogen Pege®huinn ihISquehse foh@mchsi v dlisobtanodiluest drdatl lamkct&Rl
I nternational, ril 2001, which corpor ted herein b ference
are incl u@eaomquﬁ FREROTORSHR, g refefﬂpsgbcgr%/ﬂﬁ@nﬁfﬂey A 1h1hey ERTBRPURR
i ncl ude h@ﬁg@gﬁ*ﬁggIﬂﬁgxﬁgpolyners of ethylene and or propyl ene mnth
optional other nononers. [0094] The pol yners of the invention have an Mw

(wei ghl alfBdge Honethgr embagdithertstthe wrctoruspditheadwny prooss osfulamtheabout

1, 000, 00, ; pref. bl
between sBoniof SEARIIPE AT ARR st isH0nd AioR A blbg/chfl SBer JB Dl 201 ¥
150, 000t ibs efmolymerGer DO (904K ). elee pisfopatihe greaterthab 5000 IR00 (mms Kgflr).about
O 00 ohss PRSP RN BEe BbAT oo 696 b SR Pl B ERtcal B 2N M

(nunber a
slurry reactor used in the process useful in the invention is producing greater than 15,000 ibs

30  of polymer per hour (6804 Kg/hr), preferably greater than 25,000 lbs/hr (11,340 Kg/hr) to
about 100,000 Ibs/hr (45,500 Kg/hr).
[0085] In another embodiment in the slurry process useful in the invention the total
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reactor pressure is in the range of from 400 psig (2758 kPa) to 800 psig (5516 kPa),
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wei ght) of |ess than 15,6000 preferably between about 4,000 and about
15, 000, preferably between about 4,000 and about 11,000 and preferably
bet ween 5,000 and 10,000 g/ nol. [0096] The pol ynmers descri bed herein

preferably Wh (pol ydi spersity, PDI) 20 of gr r than 12 and
| ess than ,y"g?fg‘?%%| y between about 15 and about 50,P%Eb]§?08§’2\%73\7 bet ween
about 20 aB07EDOMSPETY, preferably between about 22 and about 47. [0097] For
pur poses of this invention and the clains herein, MAD is equal to Mw Mh.

[0098] | n appfeitiy 450psin 3008 kRu)to dboet TOOIpeiganSITr o)) oetle proferiblysSoD paig (3emst 50

wei ght % r e, . rably at | east.60% pr | eng, ternagtively at
eact 70% RO ML E s el el aoh e b oy PR CERELPS 6088 |
anot her pr gig(43e9lkeaybodi ment the pol ynmer produced conprises at |east 50
wei ght % ethyl ene, preferably at | east 60% et hyl en alternatively at |east

e
70% et hy| efi9361a) t by yehrasr ymbedimenidn tgobiratmgestisetul ohomyention thsol yer s
pr oducesl b%n%élﬁraﬁ&?&@p?(@jdoﬂfin&n’ﬂﬁmhﬁiﬁ{&% HRRe R LiHRiR bl s FRHE %gﬁo@@o de

vari ety of products and useful in nmany end-use applications e polyners
produced bibouhktoploraigh percentpsefersbbrirdn abdup 2 kaighout 7 weight flepvantiomss t y

pol yet hyl e 5} | | hyl ene w
hontety pobSEnth) 5 8855 bt PR pd LR URN) ol G
2008/ 1408 7&¢igh/pe®2M08/ 059734 2007EM 45PCT [ 00101] The pol yners produced,

typically ethyl ene based pol yners, generally have a density in the range of
f r om OlB6gHemogenebusd Bulk. 6L Solptiey Phase [PolvinkeriZadion ange of from 0.88 g/cc to
0. 965 gl ee re preferably in the range of fromO0,900 g/cc . to 0.96 gl ee,
even nore rﬂpgﬁera %FaﬁlxysfﬂéteF’éH%nB?dLFeFW@.We‘b?‘E’émP%?"BS.iEHI gl ee, yet even

nor e pref ajoadgindotis JoMRioh PR&Esses. (G Rally TPinV6ICed RIS A 18§ coftftlofiOSt
preferably greater than 0.915 gl ee. 6010_2] Pol'yners produced by the
process ofreacky ip which theqrebancs formet and the sisriing nosomerindepelyat mapmalsis il m

sheet, an ihar : [ = ' I

iy ect i on Ry A eC R G R0 thhcdiAnARedlily. S ScAR Splihe

f or medlSby aboesxthe wslting poimt ofith¢ potymers iatirigh priessures, frorh nto 30001bgr (1043610081t r et ch
film seal, filns,.oriented 10 filns. .The fil are useful in snack
packagi ng,ME%al\l}W "g‘ﬁ"tt?e B0, F%S%F%Pegg%ﬁ& ﬁB%%ﬁ%W??MWgﬁ%He ackagi ng,
medi cal p{0888Yyi ndlenipeatifié tonftdo! initheteacton B BbhABE By batiring thdthdaped- cont act and

non-food coptact appl.i.cations.  Fibers include nelt spinning, solution
spi nni ng &7 ?ﬁoglvﬂme?‘it%é’i”ol&%ﬁy&?‘?c&ﬁéa*ﬁfﬁ oﬁ‘"ﬁé’l‘w‘l&c%\?‘éwogfﬁheﬁ@ﬁ%%n form

to meke fithd @hdor, th@f&ﬁgefr%h,ic}ﬁ&hiﬂedfee@, vERERMNDS GHEE bR @Ruer®! C-
Extruded articles include nmedical tubing, wWre and cable 15 coatings,
geonerffr afesomgis@r pivent) ar gembinatigns @bell thraei Adiabatiowerciers wathrpeg-ehilleddfecds

mul ti-Iay UGH L | Kk hol | ow
At o ca. 15 olE BP0 Tk PFcl Bbdfk ARl A 1 iR s BB

par agr aphgeagtontempatague profesabiyicanwatyybetwezmabout B0Uigl Bdutpi60%C, aeoré or var i ous

Sor - car bR R EBbd0E R drh 150%, 28 o REAeRE rom Hhafle 106°C'o BZLPO" 2PN
140°C. Polymerization temperature may vary depending on catalyst choice. In series

25  operation, the second reactor temperature is preferably higher than the first reactor
temperature. In parallel reactor operation, the temperatures of the two reactors are
independent. The pressure can vary from about 1 mm Hg to 2500 bar (25,000 MPa),
preferably from 0.1 bar to 1600 bar (1-16,000 MPa), most preferably from 1.0 to 500 bar (10-
5000MPa).

30 [6089] Inoneembodiment 500 ppm or less of hydrogen is added to the polymerization,
or 400 ppm or less or 300 ppm or less. In other embodiments at least 50 ppm of hydrogen is
added to the polymerization, or 100 ppm or more, or 150 ppm or more.

[0090]  Each of these processes may also be employed in single reactor, parallel or series

reactor configurations. The liquid processes comprise contacting olefin monomers with the
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an al um num al kyl, al unoxane or conbi nati ons thereof; a first

catal yst precursor prepared by contacting conpound (I) represented by the
formula: ,X(Rn OCr X(Rn 25 with an optionally substituted al kyl or
optional | y“%% ed aryl al cohol; wherein rt
material, where fdglé oxygen and Zis Si, Ti, , Sn gbf@"ﬁ%pﬂé My or
Cr; 30each2007EM14ﬁPﬁEpendently ni t rogen, oxygen phosphorous or sulfur,
provi ded that both X' s are not each oxygen; WO

2008/ 1408 78e€A ﬂwm@ﬁ@@ﬂ@memwawamﬁmamimt and allodépeadenidoypnersl or 2,

provi ded the t aI %ﬁ'ﬁ“ eac I nd n al k b roup, a
subst i t ut €8 TE° gﬁ?f gt t e tgmﬁﬁ%aés%gp ﬁyf%’t‘%rgoﬁﬂh'e\é

provi ded aduithisla BothliphdRicihe dfoniatic AAkaA| sudk aShdraid, betiad, B6pehtads, Qﬂ@ “and
a second catal yst precyrsor, wherein the second catalyst precursor is a

met al | ocen‘é’t@er?o?rﬁr&fﬁ"&.- 2. The catal yst system of paragraph 1, wherein

each Xj§s [W09A fﬁhﬁ aﬁ%ﬁ%!ﬁ&ocﬁﬂﬁﬁ@fﬁb@ﬁu&k Bﬂl%[veﬂﬁﬁ%gé&tﬂ;?ﬁe ﬁu(ﬁ'[nal%d wher ei n
each R is, ependently, nethyl, ethyl, prop{ butyl,” i sobutyl, hexyl,
S

i sohexyl , hyéwﬂr%owcﬁlmﬁtyd hydoesshops areisly eosapqunds eonsigngregsentislipht hy| |

substi t ut %k’t%% i | et her,
substi t ut g‘g di gﬁenﬁ et aPJH?Qﬁq T su ?Ell tu?aé%j’%gﬁgﬁwngﬁgghg g‘?\%ne

substi t ut dwdhgmapmemopmﬂuummd carkonis @ comBmwfconsmngﬁsentwdiyaf yabomsateem of
i ther parageaghR dordand inoNHE! Bk BxfidifhiiRal SrandrBISPSRAEY, W

10  perfluoroalkanes, preferably C,; to Cy perfluoroalkanes. In one embodiment, the fluorinated

hydrocarbons are represented by the formula:

GHF,
wherein x is an integer from 1 to 40, preferably from 1 to 30, more preferably from I to 20,
even more preferably from 1 to 10, and still even more preferably from 1 to 6, alternatively x

15  isaninteger from 2 to 20, preferably from 3 to 10, more preferably from 3 to 6, and most
preferably from 1 to 3, and wherein y is greater than or equal 0 and z is an integer and at least
one, more preferably, y and z are integers and at least one.

[0092]  Inone embodiment, 2 mixture of fluorinated hydrocarbons are used as the solvent
or diluent in the process of the invention, preferably a mixture of a perfluorinated carbon and

20  afluorinated hydrocarbon, and more preferably a mixture of fluorinated hydrocarbons. In yet
another embodiment, the fluorinated hydrocarbon is balanced or unbalanced in the number of
fluorine atoms in the fluorinated hydrocarbon compound. Non-limiting examples of
fluorinated hydrocarbons include fluoromethane; difluoromethane; trifluoromethane;
fluoroethane; 1,1-diflucrocthane; 1,2-difluoroethane; 1,1,1-triflucroethane; 1,1,2-

25  trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-tetraflucroethane; 1,1,1,2,2-
pentafluoroethane; 1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-
difluoropropane; 1,3-difluoropropane; 2,2-difluoropropane; 1,1,1-trifluoropropane; 1,1,2-
trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-triflucropropane; 1,2,3-trifluoropropane;
1,1,1,2-tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane; 1,1,2,3-

30 tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2, 3-tetrafluoropropane; 1,1,1,2,2-
pentafluoropropane; 1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-pentafluoropropane; 1,1,2,2,3-
pentafluoropropane; 1,1,2,3,3-pentafluoropropane; 1,1,1,2,2,3-hexafluoropropance;
1,1,1,2,3,3-hexafluoropropane; 1,1,1,3,3,3-hexafluoropropane; 1,1,1,2,2,3,3-
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phenyl, substituted phenyl, naphthyl, substituted naphthyl, biphenyl,
substituted biphenyl, diphenylether, substituted di phenyl ether, tolyl,
substituted tolyl, benzophenone or substituted 15 benzophenone. 5. The

catal yst s i ther paragraphs 1 or 2, wherein e

[ ndependenm%méﬁéﬁg substi tuted phenyl, napht hyl , EEJHE’Q?ﬁ"lS&%d

napht hyl . 2(E}7EM1éSE@TaI yst system of any of par agraphs 1to 5, wherein the
al kyl al cohol or aryl alcohol is substituted with one or nore el ectron

wi t hdr awi nlgepgﬁmumrop&& 7 1:ﬂt‘ﬂ33 Bathab@!ﬂﬁorepfﬁpaﬁaﬂ Dﬂllxdralﬁxﬂ%fcﬁﬁ-ﬂu&obm; G),ién t he .
awl al cohol heno henol pheno r bi phen I's substitute
with one o‘ihﬂﬁ?}P “t‘ln}eu&?? gg%?ﬁ’é‘%@é’feal Lydedi W@?‘E‘fﬂeof par agr aph 7,
wher ein thaﬂﬁétbsataﬂeumdhﬂmo%w&ﬁb 1§1n@1%ﬁﬂﬁ€aﬁ§11@m%ﬁblﬁ%@luﬁz system of

any of pa qr aphs 1 to wherein the al kyl alcohol or ar al cohol is
present “ﬂ@b‘&?ﬂeeiéés@ﬂ“%bﬂtéﬂemé %@ﬂaw@qta@yé?énmaﬂora%yaw 138r agraphs 1

to 10, r Vi y R')3 ,
(els AR LBl KSBLEREIS O Ly
cat al yst syéﬂéﬁcuﬁﬂupmba@naﬂId,AbtwwﬂmrebmawahhZR-teilr@luombd@p@ricﬂeh#-l Y,

sel ected LA ENBARAYD EONTEALLNRAL TTA M raRloRflumBriopyh. DULY!. pentyl

hexyl , oct nony ndecyrt ,’ bdec ) al'T’I"'soner s thereof
12. The cat:mlfymtobstﬁﬂé dr, h$-teﬁﬂaﬂum'6bmareagaamhsuﬂﬂﬁoﬁ)bhﬂane,vﬁm3,&4 n the al um num

aIkIylstrlt IaI ) num., tri,- uni num
triisobuty F‘a%fP"ﬂFﬂ% {EH]X W?&hﬁl‘f“gﬁ"ﬁ% %1215“ tFtr?q“iorq]?“‘E?B‘f I’ 12‘21 num and

m Xt uri@s tﬂ&ﬁﬂ}aﬂ@érobut&ﬁ 1Th@ T Adnbdfiistobaiad; em,lqi 4-peptafiiorshitagl BRNS,31 to 12,
wherein the al.um num al | al unoxane or conbination thereof is present at

a nol ar r depigthegrobytane; 1 tlyfl 314'11%1%91'0!’6‘3&@ 14, i‘hﬁpcﬂﬁf@“’&@’ﬁ‘éﬁn&sﬂ 398t em of any
of paragr %@Hﬁﬂﬂor&l%tﬂn%v 1 Y‘@Qr@%etﬁﬂ&oﬁ%ﬁé h Q%{]?R%MMtaB@SI ihe 4f Or mula: A

L1z Xx: wherein: metal cent ef I's a Goup 4 ne

pr ef er abl yentaflagrobutgnes 1.1.3 3ri-pamtaginotohntanas hy2.25% Bbentafbiogobntane; ol Zl.ﬁn40r haf ni um
pentafluorobutane; 1,1,1,2,2,3-hexafluorobutane; 1,1,1,2,2 4-hexafluorobutane; 1,1,1,2,3,3-

15  hexafluorobutane, 1,1,1,2,3,4-hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-hexafluorobutane; 1,1,2,2,3,3-
hexafluorobutane; 1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4,4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4.4-hexafluorobutane; 1,2,2,3,3,4-hexafluorobutane; 1,1,1,2,2,3,3-
heptafluorobutane; 1,1,1,2,2. 4 4-heptafluorobutane; 1,1,1,2,2,3,4-heptafluorobutane;

20  1,1,1,2,3,3,4-heptafluorobutane; 1,1,1,2,3.4,4-heptafluorobutane; 1,1,1,2,4,4,4-
heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3,4-octafluorobutane;
1,1,1,2,2,3.4.4-octafluorobutane; 1,1,1,2,3,3,4,4-octaflucrobutane; 1,1,1,2,2,4,4,4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane;

1,1,1,2,2,3,4,4,4-nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-

25  methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-methylpropane; 1,1,3-
trifluoro-2-methylpropane; 1,3-difluoro-2-(fluoromethyljpropane; 1,1,1,3-tetrafluoro-2-
methylpropane; 1,1,3,3-tetrafluoro-2-methylpropane; 1,1,3-trifluoro-2-
(fluoromethyl)propane; 1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2<(fluoromethyli)propane; fluorocyclobutane; 1,1-

30 difluorocyclobutane; 1,2-difluorocyclobutane; 1,3-difluorocyclobutane; 1,1,2-
trifluorocyclobutane; 1,1,3-trifluorocyclobutane; 1,2,3-trifluorocyclobutane; 1,1,2,2-
tetrafluorocyclobutane; 1,1,3,3-tetrafluorocyclobutane; 1,1,2,2,3-pentafluorocyclobutane;
1,1,2,3,3-pentafluorocyclobutane; 1,1,2,2.3,3-hexafluorocyciobutane; 1,1,2,2,3,4-
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A can be present or absent and when present is selected from RIR2Si, RI R2C,
(R113. 202, (R1R2S02, CH2, CH2CH2, wherein Rl and R2 are independently
sel ected from branched or unbranched C to C20 hydrocarbyl radicals,

phenyl , 2,% %&; jgLted phenyl, and when Ais bri dged Eéﬂﬁié&?%%?he same

repr esent AR BE A raceraic or a MESO form
or differ el07EMIHIRENt adi enyl , indenyl, tetrahydroi ndenyl or fluorenyl
rings, optionally substitut ed, that are each bonded to M or L1 and L2 are

the same orexafiidrauyelobutanes I 42633, ddiexeufipbrocydiabapnt;, 1,1,B23@Wedr oi ndenyl or
fluorenyl onal | bst d ri n_whi t WO acent R groups
on the ri nhgeggag %m??ﬁ%{quﬁﬁ? W%’? Q(Pr?r}grr?doj!rl gg’é‘ﬁ?%fh"&ﬂm& d&nsubsti t ut ed,
sat ur at ed, difi@srbméthine, malbufeﬂfa@al 10d1ﬂadsreémztﬂe01 N ChriflGiordEthie, fiGor6mbbarfell D
stituent; re | ndependent%é|3 hydr ogen hal ogen, hydr| de

radi cal s, Wdrlo]e%ﬁeﬁ)?ﬂ“ qngy In addifionto thop wrpgarbong deserbed herein,
hal ocarsbylisRdiueRhaed h%HH)%&ﬂbBﬁE&QcAB%H MJMMW@' &aAlSCEﬁ'N/ﬁ(Hk gtﬂélpl oftadi cal's,

substituted silylcarbyl radicals, gernylcarbyl radi cals, or s tuted
ger ny!| car Hworpesghonsipagesdr Lib b the Ghemigad Epenemigsdidndeed-SRI Inthmatianah Apsil om t o

forma nmetagp] W&hgﬁmgggcggw%@#@rggg?gﬁg@ﬁ&o%&&g about 20 carbon atons;

or both toget’her can In or aryne ligand. 15. The

cat al yst a8 of paragraphs 1 to 13, wherein the netall ocene is
Me2Si (MlMQMZSl (1, 3- Mg, Bu- Cp) 2Zr Me2, Me2Si ( 2- Me- | nd) 2Zr Me2,

Me2Si (1B- Mfa098h- | rehk2dlyivizes padsdmd(hmlﬁmcmlemembpolyﬂ;& an&oﬂfdbﬁﬁ§oﬁdﬂ1ﬂ@ieyrreri ze

nonomnmer s co risi act i nononmers with a catalyst system (preferably
t he catal ¥& 'é@fglf’g%e q‘;ﬂ’lt‘ Ef’ﬁg T BORINETEY  conpri sing: an al uni num al kyl |

al umoxane (694 ONtIiLg @blyﬁiaﬁs dfierifntion have ad Niw (@élgm{a@fbyﬁo@é@&w@&) d¥r epar ed
by contacting conpound (1) represented by f or mul a:

2008/ 1408 Petpc thopb ik weaboz@bf?mmmﬁqrabky Rytwessc( PRt moefa and aboufyj t h an
t N | ;

oher oin 5J0QUE bickiiiclodivka] arBe AB00RR dyPSBn AL Lveh SRR

Sn, Fd5 GA50,000 tOIbOWSQ;ﬁO(I:and preferablyelmmex abeyt 200,8ebedabouti400,000 g/nmgen

oxygen ph r both, X s are not ea oxygen;
onhn o DBSEC O dhe ol dbpediein Rl band hpdiipBerndRye SRGRERY °TL
i ndependeWeigjat) oﬁ&sﬁlhktyﬁ 0000 perablybistvedeh bbdue 4,000 kyd abdaOLF000eREBly gr oup, or

Cubst t ut Bteryioey B B ahod YL OG e recBRP RPrrm s P Ui w@%&yl hce)rsecond

cat al yst gmssp rs Q‘he fp(ﬂyﬁeﬂﬁﬂﬁs%hb&ﬂfé@ﬁn 5emmﬁﬂave an Mw/Mh (pIi}als
par agraph 16, wherein the aryl alcohol is a phenol or a enol and 15 the

phenoP0 or ofgresienthan §2and less thlatl é@séﬁefﬁablﬁ bstesen pbawp | pard ﬁ!?@\iﬁ ﬁQePf&fetﬂ’PéY 18. The
process Oﬂe&ﬁén%ﬁﬁt% 4 bl 3 é}'exra 23\%{3@%{% hﬁdﬁF S8larfiS g@lﬂ% Fs

pent af | uor ophenol the su | t ut enol 1s -
process of008Hly oFopanpnyesqittiss itﬁentmnhﬂdthmmmraaptﬂwmﬁ; eiyual to Mw/Mn.

[0098] In a preferred embodiment the polymer produced comprises at least 50 weight %

19. The

propylene, preferably at least 60% propylene, alternatively at least 70% propylene,

25  alternatively at least 80% propylene.
[0099] In another preferred embodiment the polymer produced comprises at least 50
weight % ethylene, preferably at least 60% cthylene, alternatively at least 70% ethylene,
alternatively at least 80% ethylene.
[00100] The polymers produced by the process of the invention are useful in making a

30  wide variety of products and useful in many end-use applications. The polymers produced by
the process of the invention include linear low density polyethylenes, elastomers, plastomers,
high density polyethylenes, low density polyethylenes, polypropylene and polypropylene
copolymers.
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20. The process of paragraph 19, wherein the aryl alcohol is biphenol and

t he bi phenol is 20 substituted with one or nore fluorine atons. 21.
The process of paragraph 20, wherein the substituted biphenol is

- 0C6E4C6F5 process of any of paragraphs 16 through 21. wherein

t he nnnoneygnéé%%@?ge et hyl ene. 23. The process of KK Oﬁwuggfagraphs
16 t hr ough2Q7EMI4EPET n t he nononers conprise 25 propylene. 24. The process
of any of paragraphs 16 to 22, wherein the nononers further conprise at

| east one [P@h@kjontEhe sudyreat prbdhcednoyhibailygstinidne basedipdlynits, fdnefillg pyveane,
butene-1, 4-nethyl pentene-1, 3-pet hyl-pentene-1, hexene-1 d octene-1.
25. The prie m(#l“”p eéﬁ&%’ﬁﬁ%@%ﬁ@ﬁ@ﬁ(f%mfeﬁbw gy %8?1 G38r5 9e at
| east one RO6THEN RREEreferibeCh e hiRBf FHam 09 &Q@%?’dcp&eﬁino% hyl ene,

WD 2008/ 140875PCT/"US2008/ 059734

but ene, pentene, hexene, heptene !

2007EML45 %?Fmgbi% the rangs ok frem QAI5adks to Q98 elcenet evenyraarpprefosehly wrihe mnge

3-met hyd  pedh 81980 lo4h gecand dbdT PRtk BF process of any of
par agr aphs 16 thr(%/l’ﬁah 25, %\/ﬁeﬁ%i n ﬁee?%obgg%rs %?%gsrg}ggnpri se a diene. 5
27. The pr d88H2] of Pohamery prodhceddy thamreasssofitheinwintion atexisefl ip suehdfofmiogn t he

group consi.st.k: [ ' hexadi ene,,. hept adi ene
oct xdi ene ,Sdpg%h% agfr?g?}%g%hag@gir? 5?%@% g%?%’ﬁ%‘%“%%% eSC‘g%lll =y (,)W P’Ipfcg‘égc adi ene,
t et r adecadnjectinn malding ewtmdirg melditee Filds dadide howharba dbaathinraechy

oct adecadi en nonadecadi ene, . i.cosadi gne,. henei cosadi ene, docqgsadj ene,

tri cosadi ecﬁg’,gf"f’é’flroﬁ E’ﬂ"d‘?aglﬂ ,Shlb“éh SE 'ﬂhé‘i""tﬂ’eg 6%“383 fes, oriente

hept acigs ammeThmMQﬁS@ehemm&@amga%pmd} 8RS bads! £rR6@NERUL, BRRd and
particul ar] ysﬂ; eferred dienes_include, 1,6-heptadiene, 1,7- octadiene,

1, 8- nonadi®H&en fopd gackagiagimsqical nackaging, indegiisldiners, membrappseie aigiferrscontact 2

tri decadi Qn@norlfobd vhifthdt apAGHNS NBibers Y RREMAHIHERG,; sofidd4 RbRhRL Wa el

nor bomadi ene, ethyli denefqr;or b_omenef3 di vi nyl b?gzeglgf soarﬁﬁgrcycgopen?édi ene.
28. The phbinvasiibesppgsetions foapbe Ravovemermsinrvavise fatingn anske filiere.stiaper fabrifs; om

20. The prsisaesnpbil, deberlos BEExHRRP Ry bha siBicllhninl iRadSEC (' O
a sl urfy coatings, gecomembranes, and pond liners. Molded articles inciu(,ie single and multi-layered

constructions in the form of bottles, tanks, large hollow articles, rigid food containers and
toys, etc.
[00103] The following paragraphs enumerated consecutively from 1 through 37 provide
for various aspects of the present invention. In one embodiment, in a first paragraph:
20 1. A catalyst system includes:
an aluminum alkyl, alumoxane or combinations thereof;
a first catalyst precursor prepared by contacting compound (I) represented by the

formula;

X(R)n
4 O Cr<
X(R)n

25 @
with an optionally substituted alky! or optionally substituted aryl alcohol;
wherein
Z-0 is a support material, where O is oxygen and Z is Si, Ti, Al, Sn, Fe, Ga, Zr, B,
Mg or Cr;
30 each X is, independently, nitrogen, oxygen phosphorous, or sulfir, provided that both

X's are not each oxygen;
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process. 30. The process of any of paragraphs 16 through 28, wherein the
process is a gas phase process. 20 31. The process of any of paragraphs 16
t hrough 28, wherein the process is a bul k phase process. 32. The process of
any of par t hrough 28, wherein the al um num IS . represented
by the forﬁ‘uq*%mxﬁ?%g")& where each R' is, independent ?é/*,%gmbﬂsmf’%?&o al kyl
group. 25 2W7EMH4pPCEess of paragraph 32 wherein each R' is, independently,
selected fromthe group consisting of nmethyl, ethyl, propyl, butyl, pentyl,
hexyl , octyl, manlyhis ﬁﬂcgphdentiydbmﬂ pradiiigd dieltotabofch ad;l | soners thereof. 34.

The process of a ragr throu h,33, n t he a um num al kyl
i s sel ected froeﬁ‘f’nlilﬁés’étﬁia E%%?%? ?ﬁbﬁ%‘l‘ﬁhﬁv ‘fﬂaﬁ?ary group, or a

triethyl al subbtitutedl afyt grodp, pi?&ldvdtayieaétuﬂé Rgfduptis ar HpluHsibstitueddl atyl Broup; and
tri-n-hexylalumnum, or tri-n-octylal um num and m xtures thereof 35. The

process of any aoﬁeccf?éiﬁéf§‘+yé‘dﬁ§°“{38r=twe&ﬁbﬁe&em%%artfé}’sﬁP{WS%%WHHP@RW i s

presents atcompdhdr ratio of Al:Cr of 1:10,000 to 10:1. 36.The process of
any of paragraphs 15 through 35, wherein the netall ocene conpound has the
formula: L3 M The catalyst system of geragraplpl, whateiyesbhXisN. M is the netal center,

d
and is a q oup ﬂe%@h s?%%%?%%e}’p&rﬁér%%sg?QZ‘JVE&&BEMIQ{S i!ﬂ %)Qent I%nd when

preferably zirconiumor resent ot

\% esent i snetbileethflmmpﬁmmmgwlmmﬁﬁoKWW@QGYdmﬁgﬂgcyﬂﬂﬁn}gHZ CHﬁ .
erein RL 1 e e r r unbranche
e b B SheRl o hE SR Red RN Bentd SRERBATHRER]! “And whon A
is br |kﬁgecﬂ1pﬁehﬂeﬂlaﬂ; albﬁﬁﬁlteﬂetphe&&ﬂh@dowmulhb&ﬂﬂed tal/E Hezophendnd] 8BSt fuidm

benzophenone, or a mixture thereof.

4, The catalyst system of either paragraphs 1 or 2, wherein each R is, independently,
phenyl, substituted phenyl, naphthyl, substituted naphthyl, biphenyl, substituted biphenyl,
diphenylether, substituted diphenylether, tolyl, substituted tolyl, benzophenone or substituted

15  benzophenone.

5. The catalyst system of either paragraphs 1 or 2, wherein each R is, independently,
phenyl, substituted phenyl, naphthyl, or substituted naphthyl.

6. The catalyst system of any of paragraphs 1 to 5, wherein the alkyl alcohol or aryl
alcohol is substituted with one or more electron withdrawing groups.

20 7. The catalyst system of paragraph 6, wherein the aryl alcohol is phenol or biphenol and
the phenol or biphenol is substituted with one or more fluorine atoms.

8. The catalyst system of paragraph 7, wherein the substituted biphenol is “OCgF4CsFs.
9. The catalyst system of any of paragraphs 1 to 8, wherein the alky! alcohol or aryl
alcohol is present in a molar excess.

25 10.  The catalyst system of any of paragraphs 1 to 10, wherein the aluminum alkyl is
represented by the formula AI(R"); , where each R" is, independently, a C1 to C30 alkyl
group.

11.  The catalyst system of paragraph 10, wherein cach R" is, independently, selected from
the group consisting of methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl,

30 undecyl, dodecyl, and all isomers thereof.

12, The catalyst system of any of paragraphs 1 to 11, wherein the aluminum alkly is
trimethylaluminum, triethylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-n-

hexylaluminum, or tri-n-octylaluminum and mixtures thereof.
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L1 and L2 are the sanme or different cycl opentadienyl, indenyl,

t et rahydroi ndenyl or fluorenyl rings, optionally substituted, that are each
bonded to M or L1 and L2 are the sane or different cycl opentadienyl,

i ndenyl, tetrahydroindenyl or fluorenyl optionally substituted rings, in
whi ch any two adjacent R groups on the rings are optionally joined to form
a substitutded oFheurrsaliss systam efl anys af paragraphs Iptr 13, adHeyein i atlumiate dilkydr
aronatic i . i , tituyent. ;.. ) \ ar e

independe% ﬁ%ﬁﬁg%?%gg%%xﬁa %8§EBW%?%%% éﬂ?éﬁngf%?%ﬁggﬂ%@§VB§ﬁ’radicals,
subst i t ut eld. hy dFlecatelyytisysterd bfaly ©f paradramha Ity 13, whekieinahsmetsildoerel conipechd
halocarby&ﬁﬁ%§#§ﬂlﬂ silylcarbyl radicals, substituted silylcarbyl

radi cal s, gernylcarbyl radicals, or substituted gernylcarbyl radicals; or
both X are joined and bound to%}beLﬂQLal omto forma netallacycle ring
containing fromabout 3 to abo 20 ¢ on atons; or both together can be
an olefin, diolefin or aryne Iidﬁnqz 37. bﬁcess of any of paragraphs 16
t hrough 35, wherein the netall ocene is M2 |@ I nd) 2Zr M2,

Me2Si (1, 3whaeinu- Cp) 2Zr Me2, Me2Si ( 2- Me- | nd) 2Zr Me2, Me2Si ( 2- Me4- Ph- | nd) 2Z- Me2

or m xtures thereaqf LES [,00104] Tol yene, tetrahydrofuran, .
f | uor obenzene, df%ﬁéﬁéﬁpg%Wﬁe?£%ﬁd’ UBs Fﬁﬁ}ﬁ?@?ﬂﬁ%%%@P@LﬁﬁFﬁﬁﬂgéﬁ from
Al dri ch Chhiueaprefeablyaiyonivohb:0hiifdiimt ri chl ori de was purchased from Strem

G ace Davison 948 silica was obtained from G ace_Dayisan. Synthesis of
Suppor tod Cat 4) SEHS PR P15 R L SRR e s8R G RS OoBa o5 97 34

2007 EMLA5@RCH,SH0. 00185 ICEBOHY) viHesdi RO bind Rp bRMidcpBides £ SFRh REcHeat® 300 nls
of tetrah rofurgﬂ. Egﬁ s&]utégn was cooled to -35C 7.14 grans of,

pot assi u Flredd-via &40 dridraeagy: r@.dpﬁfsuplae%%bﬁmﬁeﬁl phesyks agd wheny Ager i od of
several heidged, thfchRlystGasieeied tinibe R r&RRARSH alntgo fo@hvent was renoved, and the
resulting solid dried under yacuum overnight. 5 2. Cr (N C6H5)03

[00106] 10. osl"gr%ﬁa B tﬁ‘i 9Le) ?ﬂ\i%‘%ﬁ%)%m\%‘gﬁadfe%‘omﬂéf%i ity greindsmyl @F of ur an
(120 M s)fiuoldn®l Sipk WptiGHallpashsGaRH ABat bR cadDonddd 1§ M, OF BEndqf, afethddiid B
trlchlorugg was added to the reaction vessel. The resulting slurry was

al | owed tBHEERE, CYGIPRTIA LdFkPﬂoﬂﬁﬁéﬁB@P ar theprenyl orsignajlynsubgtiteted e pved
under VaGitigh) inAPKEID Xy Bk hdfackBOR Niréupe fonf the! @ImBd eRZAMBnR SoRes e férl 4 he

solids and stirred for 30 mnutes. The slurry was filtered and the dark

al most  bisyRstitgted qrougsubstiputed, spfugaied, prriaally, usairatedi o8 pedHEC PYalF aRRolBEYChS ack
crystal s.suibstiieng! € crystal X-ray diffraction study by (Ged Parkin, Dept.
Chem stry Col unbi a University) revealed a_trigonal planar G (lI1) species
with C-N bonth |18 gEnhaeq@idepenfsity bydragen) halogeng fdride ragicalyy bydrocathyh g5
(3), O - MedalsT substbfed bydro Ry 1dRAMK, hakREbYI rddits, dubsiutePURIBOA Y B thdialsal yst 1

[ 00107] 39 grﬁﬂs gg C?ﬁge;DQV|son 948 silica (calcined previously at 600C)
was sl ur SHEERTPY disalyy sppetitgied sibylepehyd ragicals, grenmcagy! cpisdloat 19h%ed\as added

to the slgdiniycatyll shdigils: @RCEMIOX 2R jotnedRmdBRhE o iR HOOE AMETHI Phh-2 After
letting the reaction cool to rgomtenperature, the slurry was filtered,

ri nsed wistpllaexsle s csptaining feam RbgHs3 torabpe J0esabon gigmsier kot toeriksr cymbaium

yi el di ng adolchgQlidItfMragnbligm. powder, 34 grans. The toluene filtrate was
evaporated to dryness yielding 2.65 grans of solids containing di phenyl
am ne andldonelteesHalyghisystem of “any of paragraphs 1 to 13, wherein the metallocene is

Me,Si(HsInd),ZtMe,, Me,Si(1,3-Me,Bu-Cp),ZtMe,, Me,Si(2-Me-Ind),ZrMe,, Me,Si(2-Me-
4-Ph-Ind),Z-Me, or mixtures thereof.

16. A process to polymerize monomers comprising contacting monomers with a catalyst
system (preferably the catalyst system of paragraph 1 to 15) comprising:
an aluminum alkyl, alumoxane or combinations thereof;
a first catalyst precursor prepared by contacting compound (I) represented by the

formula:
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25 4. Supported Catalyst 2 [00108] Supported Si-O C (OC6F4C6F5). 1.0 grans
of supported catalyst 1 was slurried into 20 nils of toluene with 0.43
grans of petfluorobi phenol. The slurry was allowed to sit at room

t enper at ur Lght, after which the slurry was filt ' with
sever al 1o€"rﬁ%§{5ﬂ”?’gns of toluene and dried under vacugﬁf’gﬁi@}'éﬁsﬁ a free
fl owi ng gr 2MYEpPUAARCT (1. 06 30 grans). 5. Supported Metall ocene/

Si -0 Cr (OC6F4C6F5 : [00109] 45 ngs of supported catalyst 2 was slurried
into 15 ms toluene. 2.5 mcronoles of a netall was added. The slurry
was allowed to sit overnight before use. 35 6-Suppo fed catal yst 3 WO

2008/ 140875PCT/ US2008/ 0597 Z4—2007ED#5PE_r 00110] 2.0 grans of supported
catalyst 1 was slurried into 20 lifts of tolu Xd?bh 0. 48 grans of

per fl uorophenol. The slurry was allowed to sit am t enper at ur e
overnight, after which the slurry was &bltered rinsed with several 10 ml
portions of toluene and dried under vachumyielding a free fl ow ng green
powder (2.2 gr asithan dptibledlly Fabstiftdd a08 ok Sptidgal U paititedlarbdledhyst S

Experi n'entalll -. Pol yneri zati ons: [00111] In the follow ng slurry phase
experi nent¥¥%yBssure is reported in atnospheres and pounds per square inch.

The conyversi on A@Gi P&ppb@ matetial, WAk D BbRygeh aRSF iESIUR, ALEnSP4 th/zKkBa 10 and
1 atm equal s 101. 325 kBa. Feed and Co- mononer [00112] Pol ymeri zation grade
et hyl ene W48oUSEd and further purified by passing it through a series of

15 500 cccol U Hack Ea R g g P oRRbn TS oA ted ShRAF ) °
Cheni cal CHwprenpt caghdxygeB00 cc coi n packed with dried 5A nol e sieves
purchaced 1o S GEmA SRS M eI, e obt o ned Trom
(Al driloh Cheni eadh Kisnipdependditlpciliatky]l Sosp,a sidstitédalyl\paspein S@lndréip) bg
activated sg stintu?clade e?rﬁl g%up? })r%\xln%'ed gﬂeast one R group is an aryl or substituted aryl group; and
a second catalyst precursor, wherein the second catalyst precursor is a metallocene
compound.
17.  The process of paragraph 16, wherein the aryl alcohol is a phenol or a biphenol and
15  the phenol or biphenol is substituted with one or more fluorine atoms.
18.  The process of paragraph 17, wherein the substituted phenol is pentafluorophenol and
the substituted biphenol is —OCgF,CgFs.
19.  The process of any of paragraphs 16 to 18, wherein each X is N.
20.  The process of paragraph 19, wherein the aryl alcohol is biphenol and the biphenol is
20  substituted with one or more fluorine atoms.
21.  The process of paragraph 20, wherein the substituted biphenol is -OCgF4CgFs.
22.  The process of any of paragraphs 16 through 21, wherein the monomers comprise
ethylene.
23.  The process of any of paragraphs 16 through 21, wherein the monomers comprise
25  propylene.
24.  The process of any of paragraphs 16 to 22, wherein the monomers further comprise at
least one comonomer selected from the group consisting of propylene, butene-1, 4-methyl-
pentene-1,3-methyl-pentene-1, hexene-1 and octene-1.

25.  The process of paragraph 24, wherein the monomers further comprise at lcast one

30 comonomer selected from the group consisting of ethylene, butene, pentene, hexene, heptene,
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Acti vator/ Scavenger/ Co-cat al yst [00113] Tri-n-octyl alum num (1NQCAL) was
obt ai ned from Akzo Chem cals, Inc. and used wi thout further purification.

[ 00114] Pol yrneri zati on grade hexane was used and further purified by
passing it 25 series of colums: 500 cc Oxyc cvlinder from
Labcl ear (&ﬁog#n%&"&) foll owed by a 500 cc col umm pack@ﬁhﬁoi(%"s&"?f ed 3A
nmol e si eve20QIEMIHAREH from Al drich Chemnmical Conpany, and a 500 cc col um
packed with dried 5A nol e sieves purchased from Al drich Chem cal Conpany.
React or Deswerieptanerre, dewdnd)deduecns, #-atethy3Perdt@d11] 3imdol pemenczRahdBS,5ner e
conduct ed #“Q'f?gg( 'bnert at nosphere (N2) drybox using autocl aves equi pped with
an externa Fhgxepgl: tenperature control, glass inserts (internal vol une
of reactor26: 22rie pidckss oF it S Pataghphs16 thefigh 85 QehesdiP il YooRbmBys i @REN,

hydr ogen/ ni trogen m xture, and ethyl ene, and equi pped w th di sposabl e PEEK
mechani cal “Sths¢ %11@“?-400 RPM . WD 2008/ 140875PCT1US20081059734

2007EMI#AS5 T I r By I 1 L& en at
110G o 175C f op Bieas A HaSerify %, RERA G bl RUpRRioth 1R ot il

Et hyl ene/ | offpatedisac, poadisnvehdxadicie heptalienerastadicne, nonsligneedegedicheas descri bed

above, an qmggg@ﬂ%eﬁy rdgc?e%ﬁm eggﬂfte%\é[eﬁg%mﬁgcﬁg{eﬁé %%@%ief%&% Q&g&e%gdién% 40C and

et hyl ene st charg reac rai cronol ar
sol uti on dfepthdé¢vediens octadtcalicnecmmedecadien®; wadadleys themdicosadienc] dorpedher e and

pressure S _next ded to the reactors via Syri . The reactors. were then
br ought - t SprAREe, B Rude R Er st e Argecst ot ot
procesiy t eipfiosddithe, trisdohteRAe plltlchlEY prefei@s diehs ihaideiQb-HeRidig! 1,an wWas set
to the pressyre ner?%ied 10 py the conponents (ethylene, diluent,

co- rmnoner",“ag’(?ﬁ%g%g‘@“ ghce L egadiepe; 1, 1G-yndecadicue ol 11-doddgqattgne. o, B- i | | i gr ans
of suppor gdbcedibiid) ¥, 33-SotBScRdiSAd, EyBShehiddibmY, Uﬁ?ﬁoﬁﬁonﬁ:ﬁ& InBftorda8RET at ure and
pressure and added to the reactors (at proceSs tenperature and pressure)

vi a syri ngthylideng nerbgmene, diyinythenpenecandglicyslopsntatdisnen. [00119] In the nature

t hat sol ubkons ' [ : j 15

iy ectod ora ¢ Re BSEA0BpMBAl) PRt R ASR HelcRn O T 16, 12,

m ni mdP s eteight ¥ basad uparthe totab greight effthe somposiien. Thi s procedure was appli ed
after the,gdditjon of the 1. hexene/activatQr solution as well as the
catalyst - &ur r hEHplss SOy of pelFE RS IR By AP S BBt BRI t ho use of
conmput er enessol | ed sol enoid val ves) the autocl aves during pol ynerization
to mai ntaip reactor gauge pressur +/- 2 psig). 20 Reactor tenperature was
moni t or ed3%nd ?@f‘pwfeaqgﬁ eﬁg %Pﬁ?ﬁﬁ%ﬁm&m{mh% wg@.smﬂeﬂ RIAeses B apephaster e

hal t ed bypa#elsti on of approxi mately 400 psig 02/ Ar (5 nol e% 02) gas mixture
to the autoclaves for approxi mately 30 seconds. The polynerizations were
quench@d Akt er The pipeegeeianyphpaiegranhs 1 6 throughZ¥owherein themrpgesein @ bubkdbbssen added
or for a sdqum of 45 minutes polymerization time. The reactors were

cool ed and vented. The polyner was 25 isolated after the renaining reaction
conponent §2.wer Bhanepasyseef any of/pacagraphyil € thasugh @8 pwherein ithecllurcieumatkyl iswei ght  of

pol yimer_andsdsGldiiAthe follha il WhbE i i, itopShabily! 821 5o L0 AR ™"

group.
25 33.  Theprocess of paragraph 32 wherein each R" is, independently, selected from the

group consisting of methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, undecyl,
dodecyl, and all isomers thereof.
34.  The process of any of paragraphs 15 through 33, wherein the aluminum alkyl is
selected from the group consisting of trimethylaluminum, triethylaluminum, tri-n-

30  butylaluminum, triisobutylaluminum, tri-n-hexylaluminum, or tri-n-octylaluminum and
mixtures thereof.
35.  The process of any of paragraphs 15 through 4, wherein the aluminum alkyl is present
at a molar ratio of Al:Cr of 1:10,000 to 10:1.
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GPC Method "C' - CGel Perneation Chromatography - Alliance 2000 DRI' Only 30
[00121] This nethod used a Waters Al liance 2000 gel perneation

chromat ograph equi pped with a Waters differential refractoneter that
measures the difference between the refractive index of the solvent and
that of the solvent containing the fractionated pol yner. The system was
used at 148C wi the rrosspfany eftamepbniieheoughi), wheret meblidcenqrigaweundnat  was
stabi i zeg Wi BrmgaQ PPm of butyl ated hydroxy toluene (BHT). The flow rate
used was -36- WO 2008/ 140875PCT1U820081059734 2007EML45PCT 1.0 nl/ m n.
Three (Pol ynmer Laboratories) PL ed- tol ums were used. This
technique is discussed in " I\/acr Iec VoI 34, No. 19, pages
6812-6820", which is fully incorp L@ by reference. [00122] The
separation efficiency of the col urm set was i brated using a series of 5
narr ow noerainar wel ght di st r| but| on pol ystyr ene standards, which reflects

t he expected l.e I ar nge ar a the.exclusi.on |imts of
t he col umm setﬂ}i lﬁt tatmi‘i VI Ko ?uPpoI rgbqgttg%g?’d@: O?lgtﬁg?rng from

M -580 tbafﬁtﬁmgplefeﬁibbrzmnmnusmﬁnum gener ate the calibration curve. The

pol ystyrene st rds re obt a f r om Pol rst,
br A Lt val apndsarest ofa e Bl G o QP AR PR ARG Wk (REREL e e
was corre(}tlﬁgslfz(ﬂHzeGHkCR‘,zatvhéreerﬁ anid IRy, droindépendentlc eebacted fiomak position for the

flowrat r a n .t Lve injec fore determ ning
the ret e v8ﬁ ukeant"’elbefi éelat%ﬁ:zé)gt"%}'g‘ta;bryi #Mﬁﬁ %tlﬁ?gﬁhﬁ@’ peak
position wmmasimdgaﬁﬂemcmstyﬂqumesuﬁatbahtbeeoarcéxﬁmtorhhesdﬂoﬂw rate when

anal yzi ng sanpl es; .therefore S _an | i.bration
pr ocedur e. n@‘ 1% 2 1% tﬁ éﬂﬁ/gr %’lﬂl ¢ ?en ?ngiﬂt”?d% v%ﬁ’ﬁlﬂ% “i’@gylgoener at ed
by 15 r eciuodéeny gsﬁopteﬁaﬂ'ilytsulﬁﬂtutedlﬂhmrﬁa li bend RvL,i o Ly hlﬁl]]l}lakdthssmair for
e;ch PS s (% gmt anq;({}.\‘iétygi.n tﬂis agla(i[ha.cﬁet fﬁﬁ -or{cﬂ m al .
ol yst yr HESERt RsiPadbh ikmshaf-hRiRin, of BeraouBpifl sisiy) o
wer e analm:ge,dmuwhmkg aﬂﬁ‘#@(&/hﬁjmeﬂSR grnq;s dxﬁm it asencptidhalyojored 3o @mﬁoﬁt war e

usi ng upda | i br s copst 008 /140875PCT/ I J S200 9734
2007E|\/|1455BEE$P rémi‘%’ st gt aPt’fB?t“déﬂs o LGS Sk REWE‘ Mz/ My

substituent;

X, and X, are, independently, hydrogen, halogen, hydride radicals, hydrocarbyl
radicals, substituted hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals,
silylcarbyl radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or substituted
germylcarbyl radicals; or both X are joined and bound to the metal atom to form a
metallacycle ring containing from about 3 to about 20 carbon atoms; or both together can be
an olefin, diolefin or aryne ligand.

37. The process of any of paragraphs 16 through 35, wherein the metallocene is
Me,Si(HyInd),ZrMe,, Me;Si(1,3-Me,Bu-Cp),ZrMe,, Me,Si(2-Me-Ind),ZrMe,, Me,Si(2-Me-
4-Ph-Ind),Z-Me; or mixtures thereof.

EXAMPLES

[00104] Toluene, tetrahydrofuran, fluorobenzene, diphenyl amine, and potassium
hydride were purchased from Aldrich Chemical Company. Chromium trichloride was
purchased from Strem. Grace Davison 948 silica was obtained from Grace Davison.

Synthesis of Supported Catalyst
1. K(THF),N(C¢Hs),
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Yield grans PE, Si-O C (0C6F4C6P5). 7,468* 315,537* 1,838, 608* 42.25*
0.1107 0.3 nys 0.1122 0. 108

10

15

20

25

30

35

WO 2008/140875 PCT/US2008/059734
2007EM145PCT

[00105] 30.0 grams of diphenylamine was dissolved into 300 mls of tetrahydrofuran. The
solution was cooled to -35°C. 7.14 grams of potassium hydride was added via spatula in
small portions over a period of several hours. After gas evolution ceased the solvent was

removed, and the resulting solid was dried under vacuum overnight.

2. Cl’! zﬂ! C6H§ !z !3
[00106]  10.03 grams of K(THF)nN(CsHs), was dissolved info tetrahydrofuran (120 mls).

The solution was cooled to -35°C. 1.91 grams of chromium trichloride was added to the
reaction vessel. The resulting slurry was allowed to stir overnight at room temperature. The
solvent was removed under vacuum. Approximately 150 mls of fluorobenzene was added to
the solids and stirred for 30 minutes. The slurry was filtered and the dark almost black
filtrate was dried under vacuum yielding 7 grams of black crystals. A single crystal X-ray
diffraction study by (Ged Parkin, Dept. Chemistry Columbia University) revealed a trigonal
planar Cr(III) species with Cr-N bond lengths determined Cr-N(1) = 1.863(1), Cr-N(2) =
1.856 (3), Cr-N(3) = 1.855 (2) angstroms, see Figure 1.

3. Supported Cataiyst 1

[00107] 30 grams of Grace-Davison 948 silica {calcined previously at 600°C) was shurried
into 250 mls of toluene. 6.4 grams of Cr(N(CgHs),); was added to the slurry and the reaction
is was heated to 100°C overnight. After letting the reaction cool to room temperature, the

slurry was filtered, rinsed with several 50 ml portions of toluene, and dried under vacuum
yielding a free flowing black powder, 34 grams. The toluene filtrate was evaporated to
dryness yielding 2.65 grams of solids containing diphenyl amine and some reactant.

4. Supported Catalyst 2
[00108]  Supported Si-O-Cr(OCsF4C¢Fs), 1.0 grams of supported catalyst 1 was slurried

into 20 mls of toluene with 0.43 grams of perfluorobiphenol. The slurry was allowed to sit at
room temperature overnight, after which the slurry was filtered rinsed with several 10 ml

portions of toluene and dried under vacuum yielding a free flowing green powder (1.06
grams),

5. Supported Metallocene/ Si-O-Cr{(OCsF4CsFs)y

[00109] 45 mgs of supported catalyst 2 was slurried into 15 mls toluene. 2.5 micromoles

of a metallocene was added. The slurry was allowed to sit overnight before use.

6. Supported Catalyst 3
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Si - O Cr (OCBF4C6Nd (1, 3- Me, nBuCp) 2Z4Me) 2 9, 631 401, 206 1,297, 704 41.66
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[00118] 2.0 grams of supported catalyst 1 was slurried into 20 mls of toluene with 0.48
grams of perfluorophenol. The slurry was allowed to sit at room temperature overnight, after
which the slurry was filtered rinsed with several 10 ml portions of toluene and dried under

vacuum yielding a free flowing green powder (2.2 grams).

Polymerizations Using Supperted Catalysts

Experimental - Polymerizations:

[00111] In the following slurry phase experiments pressure is reported in atmospheres and
pounds per square inch. The conversion factors to S.1. Units are; 1 psi equals 6.894757 kPa

and 1 atm equals 101.325 kPa,

Feed and Co-monomer
f00112] Polymerization grade ethylene was used and further purified by passing it through
a series of columns: 500 cc Oxyclear cylinder from Labclear (Oakland, CA) followed by a

500 cc column packed with dried 3A mole sieves purchased from Aldrich Chemical
Company, and a 500 cc column packed with dried 5A mole sieves purchased from Aldrich
Chemical Company. 98+% 1-hexene was obtained from Alfa-Aesar and further purified by
filtration through basic alumina (Aldrich Chemical Company, Brockman Basic 1) into a

vessel containing activated 3A molecular sieve.

Activator/Scavenger/Co-catalyst
[00113] Tri-n-octyl aluminum (TNOAL) was obtained from Akzo Chemicals, Inc. and

used without further purification.

[00114] Polymerization grade hexane was used and further purified by passing it through a
series of columns: 500 cc Oxyclear cylinder from Labclear (Oakland, CA) followed by a 500
¢c column packed with dried 3A mole sieves purchased from Aldrich Chemical Company,
and a 500 cc column packed with dried SA mole sieves purchased from Aldrich Chemical

Company.

Reactor Description and Preparation
[00115}] Polymerizations were conducted in an inert atmosphere (N2) drybox using

autoclaves equipped with an external heater for temperature control, glass inserts (internal
volume of reactor = 22.5 mL), septum inlets, regulated supply of nitrogen, hydrogen/nitrogen
mixtuore, and ethylene, and equipped with disposable PEEK mechanical stirrers (400 RPM).
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The autoclaves were prepared by purging with dry nitrogen at 110°C or 115°C for 5 hours

and then at 25°C for 5 hours.
[00116] Ethylene/i-hexene Copolymerization: The reactor was prepared as described

above, and then purged with ethylene. The reactors were heated to 40°C and ethylene was
first charged to the reactor.

[00117] A 4 micromolar solution of 1-hexene and scavenger / co-catalyst at room
temperature and pressure was next added to the reactors via syringe. The reactors were then
brought to process temperature (85°C) while stirring at 400 RPM. Once at process
temperature, ethylene delivery pressure for polymerization was set to the pressure generated
by the components (ethylene, dituent, co-monomer, scavenger/co-catalyst) in the reactor.
[00118] 0.3 milligrams of supported catalysts were stirred in toluene at ambient
temperature and pressurc and added to the reactors (at process temperature and pressure) via
syringe as a slurry to initiate polymerization,

[00119] In the nature that solutions are added via syringe, a hexanes solution was also
injected via the same syringe following their addition to insure that minimal solution was
remaining in the syringe. This procedure was applied after the addition of the 1-
hexene/activator solution as well as the catalyst slurry.

[00120] Ethylene was allowed to enter (through the use of computer controlied solenoid
valves) the autoclaves during polymerization to maintain reactor gauge pressure (+/- 2 psig).
Reactor temperature was monitored and typically maintained within +/- 1°C.
Polymerizations were halted by addition of approximately 400 psig O»/Ar (5 mole% O;) gas
mixture to the autoclaves for approximately 30 seconds. The polymerizations were quenched
after a predetermined cumulative amount of ethylene had been added or for a maximum of 45
minutes polymerization time. The reactors were cooled and vented. The polymer was
isolated after the remaining reaction components were removed in-vacuo. Yields reported

include total weight of polymer and residual catalyst. Yields are listed in Table 1.

Polymer Characterizationg
GPC Method "C" - Gel Permeation Chromatography — Alliance 2000 DRI Only
[00121] This method used a Waters Alliance 2000 gel permeation chromatograph

equipped with a Waters differential refractometer that measures the difference between the

refractive index of the solvent and that of the solvent containing the fractionated polymer.
The system was used at 145°C with 1,2,4-Trichlorobenzene (TCB) as the mobile phase that
was stabilized with ~250 ppm of butylated hydroxy toluene (BHT). The flow rate used was
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1.0 mL/min. Three (Polymer Laboratories) PLgel Mixed-B columns were used. This
technique is discussed in "Macromolecules, Vol. 34, No. 19, pages 6812-6820", which is
fully incorporated herein by reference.

[00122] The separation efficiency of the column set was calibrated using a series of
narrow molecular weight distribution polystyrene standards, which reflects the expected
molecular weight range for samples and the exclusion limits of the column set. At least 10
individual polystyrene standards, ranging from Mp ~580 to 10,000,000, were used to
generate the calibration curve. The polystyrene standards were obtained from Polymer
Laboratories (Amherst, MA) or an equivalent source. To assure internal consistency, the
flow rate was corrected for each calibrant run to give a common peak position for the flow
rate marker (taken to be the positive inject peak) before determining the retention volume for
each polystyrene standard. The flow marker peak position thus assigned was also used to
correct the flow rate when analyzing samples; therefore, it is an essential part of the
calibration procedure. A calibration curve (log Mp vs. retention volume) was generated by
recording the retention volume at the peak in the DRI signal for each PS standard, and fitting
this data set to a 2 ad -order polynomial. Polystyrene standards were graphed using Viscotec
3.0 software. Samples were analyzed using WaveMetrics, Inc. IGOR Pro and Viscotec 3.0

software using updated calibration constants.
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TABLE 1 - Polymerization Data
Catalyst Mn Mw Mz Mw/Mn Mz/Mw [Yield
grams PE,
Si-0-Cr(OCgF4CeFs)y 7,468% 315,537% 1,838,608% 42.25%|5.83* 0.1107
0.3 mgs 0.1122
0.108
Si-0-Cr(OCeF4CoF5)n/ 9,631| 401,206 1,297,704 41.66|3.23 0.0693
(1,3-Me,nBuCp),Zr(Me),
0.0785
0.0845
Si-O-Cr(OCeF4CoFs)y/ 9.591| 445,708| 1,501,933 46.47 337 0.0754
{nPrCprZrMe,
0.632
0.0733
Si-O-Cr(OCqF4CaFs)o/ 5,756| 130,233 363,321 22.62 2,791 0.0982
rac-(CH3)2Si(H4Ind)ng—
Mez
0.1049
0.0953
Si-0-Cr{OCgF4CeF's)./ 10,986/ 397.356{ 1,110,128 36.17 2,79 0.051
rac-(CH3),Si(4-Ph,2-
Melnd).ZrMe,
0.0493
0.059

[00123]

Rxn. Conditions: 20 ml flask, 85°C; 45 minutes: *59.5% of the sample was

recovered after filtering through a 2 micron filter; hence GPC results only represents portion

of sample that dissolved. Each experiment was run in triplicate. Yield refers to grams of

polymer, PE,
[00124]

All documents described herein are incorporated by reference herein, including

any priority documents and/or testing procedures to the extent they are not inconsistent with

this text. As is apparent from the foregoing general description and the specific

embodiments, while forms of the invention have been illustrated and described, various

modifications can be made without departing from the spirit and scope of the invention.

Accordingly, it is not intended that the invention be limited thereby, Likewise, the term

"comprising” is considered synonymous with the term "including" for purposes of Australian

law.
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0.059 [00123] Rxn. Conditions: 20 m flask, 85C, 45 m nutes: *595% of the
sanpl e was recovered after filtering through a 2 mcron filter; hence
GPC results only represents portion 5 of sanple that dissolved. Each
experinment was run in triplicate. Yield refers to granms of polyner, PE
[00124] Al ggﬁgrrents descri bed herein are incorporated by reference
herein, including any priority docunents and/or testing procedures to the
ext ent t hefradeChomed dconsi stent with this text. As is apparent fromthe

f oregoi ng .general description and the specific 10 enbodi nents, while forns
of the inventi dheHaE HEEM GOMRISINGt ed and descri bed, various modifications

can be made W LAqUimideRaiking Bf{?ﬁlet&%oﬁﬂﬂaiﬁbn%greﬁg()pe of the invention.
n

Accordingly, it is not Int'ende at the inventio e limted thereby.

Li kewi se, the tadirshcatabysp presimsgt piepared byicdatactthgssontpoynd (B reprédented dbytthe m
"including' for purposes of Australian law. 15 CLAIMS Wat Is Cained Is:
1. A catal 3%'?“"2?/& em conprising: an alum num al kyl, al unoxane or

conbi nati ons t hereof; a first catal yst pr Ry prepared by
contacting conpound (1) represented by the f/owaq. B’@R)n Z0Crx(Rn (1)
with a substituted aryl ajfoholi— i Z-0 is a support material,
where 0 is oxygen and Zis Si, Ti, A, Srgr G, Zr, B, My or C;

each X is, independently, nitrogen, oxygen, phos)((lRsz, or sul fur,
provided that both X s are not each oxygen;

@

with a substituted aryl alcohol;
wherein

Z-0 is a support material, where O is oxygen and Z is Si, Ti, Al, Sn, Fe, Ga, Zr,
B, Mg or Cr;

each X is, independently, nitrogen, oxygen, phosphorous, or sulfur, provided that
both X’s are not each oxygen;

each n is, independently, 1 or 2, provided the total of n =3;

each R is, independently, an alkyl group, a substituted alkyl group, an aryl group,
or a substituted aryl group, provided at least one R group is an aryl or substituted aryl
group; and

a second catalyst precursor, wherein the second catalyst precursor is a

metallocene compound having the formula:

. - L \M /X1
\Lz/ \Xz -
wherein:
M is the metal center, and is a Group 4 metal preferably titanium, zirconium or
hafinium, preferably zirconium or hafnium;

A can be present or absent and when present is selected from R;R;Si, R;R;C,
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each n is, independently, 1 or 2, provided the total of n =3; each R
i's, independently, an al kyl group, a substituted al kyl group, an aryl
group, or a substituted aryl group, provided at |least one R group is an

aryl or substituted aryl group; and a second cat al yst precursor

Formul a: (TR0, CRihE O, OB S Wi A, A R g M R 9 & o
4 net al pb@hdn@lbiqunbtanyhndﬁi t@C2¢ bydruearbyl rhd;tais,tphenﬁr micbs@btht;atezllphemyl; um or
haf ni um an b nt and resent is selected from
Rirost | e Ak PSR! 1o RbRE Boratied Sab bl b ot &4 MER0 G 2. ar o

i ndependent | 'y EFmptﬁe&efm@m&rtﬁﬂa@nwyc%%ﬁaréﬁﬁdm@enme@mlﬂaaﬁ@r by
radi cal s, pheny and substituted phenyl, and when Ais b
catal yst pefeerenylriags.optionellsubsidttedcthat are eadhshonded tn M, or L, MMetlte are

1 or ey SPne S ERERE Rl fRBTEL bt p e TS RUSRALAR R G,

and L2 ar substifatediaiviesOin v@lmf:lﬁ @ﬂi)eﬁio £ £deBOR BrAfHs O the ring@ee ysbuonally joined to
t et rahydr gi ndenyl .or fluoren optionally substituted rings, in which any

two adj ackwn asugptiuied %Hntlﬂ’éy W@g&a@ﬂ@domﬂldbamsytqrd%@a afQanatigGychc or
substi t ut ‘?I'.ré.jﬁ uted, saturated, partially unsaturated, or aromatic
cyclic or&g% %:lgg I cﬁisu%sti tuent; X1 and X2 are, i ndependent ly,

hydr ogen, hal OEemd Ky diej theepaxentdy, hydﬂogeh hekigbty, hydeide ealiculs, hykhﬁbzirbylt ed

hydr ocarb aIs al ocar i substi tuted, hal ocarb radi cal s,

sryl yl car b‘%}fhcﬁé sitated &Y hﬁ@f’é"?fsl’ ﬁrale%afbxlrra 1g2l5.cH %hmﬁgﬁ)‘ éb’b

radi cal s, d and
raffcald UQQJFdaYWI ‘?él:h&ﬂ ARy bil grt?ﬂbgq@cai?, rggﬁggﬂa%yﬁraﬁl | Be

bound to the atomto ‘orma net ntafning ffom about 3
t o about substitared@ermaylombyl nadlcblstd)rltorﬂgxtdmejoma’mdddaoandm thieinmetalditah ¢ m or

The cat ol EN ey@laRy ol FEiecmbAniF FE Spopt S AhL20 FRoREa e piboth |

i ndependephdiier dABbE ¥h olétin) Holef RR¥yne Jahy) . 1 sobutyl, hexyl, isohexyl,
octyl, cyclohexyl, dodecyl, phenyl, substituted phenyl, napht hyl ,

substr t ut-ed n?ﬂf?éy%lyﬂﬁ&&&ﬁwpﬂﬁq Eér%h'lté%gh nyl, di phenyl et her,

substltuted di eny Stituted to vyl benzophenone

substi t uted b r m h syst em of
ei t her clir ms E@%?%e?@f’ﬁgé%é “‘fﬁ“ ‘% Slﬁdegﬁltﬁgl% eé’r?y ellttI%’ubstr tuted
phenyl , nﬂahythyrhyt ptops, ibutsil Sidobudyl Nhdxyl, 1sdmeﬁﬁgemtyl,, calblsdxiyl, ubeébyblpheﬁylyl
dlphenylether substituted dlphenylether tolyl, substituted tolyl,

benzophet8bEiteed ghenylinaphtbyl, subssigRednanhehyl, mphenyb substiytod bipBsaslem of ei t her

pheny,  AeryetiRE b RRS Rifiehflein b AP FRRL G oBI MR IR . v of any

of cl ai nsulistituted bendopheionetdra mixkyre tleredhol or aryl

4. The catalyst system of either claims I or 2, wherein each R is, independently,
phenyl, substituted phenyl, naphthyl, substituted naphthyl, biphenyl, substituted biphenyl,
diphenylether, substituted diphenylether, tolyl, substituted tolyl, benzophenone or
substituted benzophenone.

5. The catalyst system of either claims 1 or 2, wherein each R is, independently,

phenyl, substituted phenyl, naphthyl, or substituted naphthyl.
6. The catalyst system of any of claims 1 to 5, wherein the alkyl alcohol or aryl
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al cohol is substituted with one or nore electron withdraw ng groups. 7. The
catal yst systemof claim®6, wherein the aryl alcohol is phenol or biphenol
and the phenol or biphenol is substituted with one or nore fluorine atons.
8. The catal yst systemof claim7, wherein the substituted biphenol is

) 006F4C6F§Jﬁcgﬁol ig-g?osﬁﬂ{tﬁ Oéro 8P¥ ﬁltsﬁg}eoéle&f&‘nﬁihcﬁé - g%r%u k0 8, wherein the

al kyl alc or ary resent in a no cess. 10. The

catal yst syste f } t ;0 .t | und numsal kyl s
r epr esent Zd by 1t & rtn%}{smgﬁé’,&hﬁ%%%g@%&ﬁdlg?hoﬁl %ﬁeﬁ@é’gg’%@%}m a d
to C30 al kyd plghola biphkhol if Bebstiaited With ody ot dtefluctRiaené), wherein each R
i's, independently, selected fromthe group consisting of nethyl, ethyl,

propyl, bgtyl, TRehtdlyst of k7, wHeRal the shBStithted biyHRAM!is ~BegRZYF;. and

all isomers thereof. 12. The catalyst systemof any of clains 1 to 11,
wherein the al '@&{Hhrétl }&%ﬂ%&fﬁl (=T RV "mg;%- 'QH?y 'Inz“.g]
tri-n-butyl al ug‘lﬁlﬁum tl’él I sobut ypgﬁmﬂﬁ%mwﬁi -n lgxttﬁy% a n%l%ll?#]%or

tri - n- oct ylcahaelns prgpend ila mokdrexesss.t hereof .  13. The catal yst system of any
of claims 1 to 12, wherein the alum num al kyl, al unboxane or conbi nation

t her eof i $0.pr eThatatalystsyslemast ahgoff olafths Ato (U, whercin e, Definiutn JiRY1ls 14. The
catal yst systemof any of clains 1 to 13, wherein alum num al kyl and

al unmoxanel BFecRiee BE Hic formula AR Wherg sachsk sis dndependepflyep CJ1tqiG39 ko 13,
wherein t uﬁet al | ocene is Me2Si (R4l nd) 2Zr Me2, Me2Si (1, 3- Me, Bu- Cp) 2Zr Me2,
Me2Si (2- Me-1hd) 2Zr Me2, Me2Si (2- Me-4-Ph-1nd)2Z-Me2 or m xtures thereof 16.
A process;io p I Q LSin nt. | 0 idh the
catal yar Lhat o Pl SoHEHRERIRln o BhEhi Gl € ShAEIRAT RISl oy

wher ei n_tfhe graupasasistigOofhethel, edhipl lpesisl, bulyl, pehbvd, ix9T ©86/1,alons)Wedil, cl ai ns
16 to 17, wherein the npnoners conprise propylene. 19. The process of any
of cl ai msundscylpdadecyland i isomees thefeehers further conprise at | east one
conmononer selected fromt he@%roup consi sting of propyl ene, butene-1, 4-

net hyl - pehk eneThe Gtalpstisysterpoh aanef dlaimsel onld, whareth thetabmainam a¥ldy iThe pr ocess

of claim/] rekn rs furthe onprise.at, | L _.one conopnoner
se|ected‘F%%ﬂ%@ﬁ%gﬂP%%Bﬁgﬁﬁgﬁgﬁﬂﬁ@’ﬁ?néPh¢§8wgP“bﬁFEﬂQ¥§%§'?8 & Thexene,
hept ene, KR&yRMENINGS)EFLI-n-& i turés fhefday. - pent ene- 1, 3-net hyl
pentene-1, and 3,5,5-trinmethyl-hexene-1. 21. The process of any of clains
16 to 20, lymer’ﬂ_herbaw?stg}?s’t'ﬁﬁ%fﬁni & dI81s 1C0MRY Wwhibrefh (e @Rfnindrd-alkyie Process of
claim2l1l, wherein the diene is selected fromthe group consisting of

but adi enelupexangdir epmbinatiomthicraeéis pressnbati camelar stivadiAd (e, of lol{keI0tad 0:1.

decadi ene, undecadi ene, dodecadi ene, tridecadi ene, tetradecadi ene,

pent adecaidi. eneTheuniahybe systire 0€ anyhefidlsidndadi I8nwhereitt dAdwamth alkel and
nonadecadi ene, icosadi ene, henei cosadi ene, docosadi ene, tricosadi ene,

t et r acos ANBHRANC FEEREHPE adi ene, hexacosadi ene, hept acosadi ene,

oct acosadisene. TRABAIAS AHEREY aly dAIARLADIACwhaRE e HeRlokeisT o7 ed di enes
include 1,6- heptadi'en€, 1,7-octndiene, 1,8-nonadiene, 1,9-decadiene,

1, 10- undededidEhbd)Frvie., Meba(d SdMerRy-Ch).F2Mes, MexSi#@iMeadnd),ZrMe,, Me,Si(2-
1,13-tetrad dj ycl opent adi ene, vi nyl nor bonene, nor bor nadi ene,
ethylideﬁ@ﬁﬁggﬁhﬁi%@ﬁ%ap @ﬂ?@ﬁgi and di cycl opent adi ene. 23. The
process of claim?21 or 22, wherein the diene is present at fromQ. 00001 to
1.0 wei gHf- % HRSESSIP BAIYIEEZE BIOROMRES CPMPTISiNg qeBlacHng BOpeMErs With the

catalyst system of any of claims 1 to 15.

17.  The process of claim 16, wherein the monomers comprise ethylene.

18.  The process of any of claims 16 to 17, wherein the monomers comprise

propylene.
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24. The process of any of claims 16 to 23, wherein the process is a slurry
process or a gas phase process. 25. The process of any of clains 16 to 23,
wherein the process is a bul k phase process. 26. A catal yst system

consi sting essentially of: an al um num al kyl ; a first catalyst I
precursor jprep g g : - Qr a:
x(Ryn Z0 CljrD X( %h%%\ll-\ﬁ'tfsl&a substcﬁﬂgggg&g\}/ﬁ%éﬁ% ol; %‘gﬁ%?n E&?P%%Egua

suppor t  nétast oreel comamemer felecedfiymehe grodp Zonsistitig, of PropyMne, nenéF8,4-Ga, Zr, B,
sul fur . prstEnERe Lotk ae bl b aigunt enon n [se
hdenendodbt . Thebiacein Sisingls it e soaromat Ryensasusisshleamneqr oup, or
Subst t ut S seRkRHRrorb B odtkick R 5F PR EriiboaB e T e
second caheptoms ogteng mosene, decene, nivtladdnecbmetindpptend 1 Gauietiyl pasefeo! mada: X1

A L2x2 (I g’?S,é’%e%hﬂihexene-l.
21.  The process of any of claims 16 to 20, wherein the monomers further comprise a

diene.

22.  The process of claim 21, wherein the diene is selected from the group consisting
of butadiene, pentadiene, hexadiene, heptadiene, octadiene, nonadiene, decadiene,
undecadiene, dodecadiene, tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene,
heptadecadiene, octadecadiene, nonadecadiene, icosadiene, heneicosadiene, docosadiene,
tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene, heptacosadiene,
octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes include 1,6~
heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-undecadiene, 1,11-
dodecadiene, 1,12-tridecadiene, 1,13-tetradecadiene, cyclopentadiene, vinylnorbornene,

norbornadiene, ethylidene norbornene, divinylbenzene, and dicyclopentadiene.

23.  The process of claim 21 or 22, wherein the diene is present at from 0.00001 to 1.0
weight %, based upon the total weight of the composition.

24.  The process of any of claims 16 to 23, wherein the process is a slurry process or a

gas phase process.

25.  The process of any of claims 16 to 23, wherein the process is a bulk phase

process.

26. A catalyst system consisting essentially of:
an aluminum alkyl;
a first catalyst precursor prepared by contacting compound (1) represented by the

formula;
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Mis the netal center, and is a Goup 4 netal preferably titanium
zirconiumor hafnium preferably zirconiumor hafnium A can be
present or absent and when present is selected fromRLR2Si, RLIR2C,
(RIRR2C) 2, (RIR2S02, CH2, CH2CH2, wherein Rl and R2 are independently

sel ected from branched or unbranched d to C20 txg ifa\tr byl radicals,
phenyl, and substituted phenyl, and when A is 5 1 the catal yst
represented can be a race:z'_c‘_o.r_a GS.O_L(QE'/ L1 and L2 are the sane or
di fferent cyclopentadi enylY indenyl” tetr Wndenyl or fluorenyl rings,
optionally substituted, that are each bonded toX&B L1 and L2 are the
sane or different cycl opentadi enyl, indenyl, tet'rahydfoi ndenyl or fl uorenyl
optionally substituted rings, in whi ch( y two adj acent R groups on the
rings are optionally joined to -43 - forma substituted or unsubstituted,
sat ur at ed, par tithd substitstedargdtabebhohr aromatic cyclic or polycyclic
substituent; . X1 and X2 are, independently, hydrogen, hal ogen, hydride
radi cal s, “&Wﬁ%car byl radicals, substituted hydrocarbyl radicals,

hal ocar byl radizcgli$a sippofithitblifdwhee CRRYked a8 Z & S, TSIALYSE FHebgh, 2r2di cal s,
substituted silylcarbyl radicals, germylcarbyl radicals, or substituted
gernyl car ByMgerdical s; or both X are joined and bound to the metal atomto

or both T oget hetca i ERORERBNH. ke PIIGRR Wbsthd Re’ BFYURA proGu8RRef cos

to pol ynebotheX safeaitt kactcedyigen;si-ng contacting nononers with a catal yst
system consi sting essentially of: an alum num al ké/l ; a first catal yst
precursor prep88d iByindenepdentlyn o dnyevidad thejtotabpt sSat ed by the fornul a:

X(RnOCr (I i i I % %ﬁﬁai (S a
support mat erigﬁ&%ﬁé@&%ﬁ@%@%%ﬁﬁgu@ zfcém’g%lm I, g?o@h?n &@]%&ui’ Zr, B,
My or Cr; or asubstitatdd axyl group, peimpdaic dédsty/one R groupdnan avyy gesubstitusqgadhaylous, or
sul fur, provided that both X' s are not each oxygen; each n is,

i ndepende®®FP: ¢ or 2, provided the total of n =3; each Ris,

I ndependent |y, 8038 KithlyB b irs 2, wHESH! the!s&Bn@ bitilys@r8URsordfaar y! group, or

a substituted aryl group, 'provided at |east one group 1s an aryl or

subst i t ut metalogane gomppundimying the fermsdxond cat al yst precursor, wherein the

second catal yst precursor is a netallocene gonpound having the fornula: -44

_ A/ 1\M/ 1
~L N

%2 (1)

wherein:

M is the metal center, and is a Group 4 metal preferably titanium, zirconium or
hafnium, preferably zirconium or hafhium;

A can be present or absent and when present is selected from R;R;Si, RiR2C,
(RiR,C), (R1R281);, CH;, CH2CH,, wherein R, and R; are independently selected from
branched or unbranched C1 to C20 hydrocarbyl radicals, phenyl, and substituted phenyl,
and when A is bridged, the catalyst represented can be a racemic or a meso form;

L; and L, are the same or different cyclopentadienyl, indenyl, tetrahydroindenyl
or fluorenyl rings, optionally substituted, that are each bonded to M, or L, and L; are the
same or different cyclopentadienyl, indenyl, tetrahydroindeny! or fluorenyl optionally
substituted rings, in which any two adjacent R groups on the rings are optionally joined to
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A X2 (I1) wherein: Mis the netal center, and is a Goup 4 netal
preferably titanium zirconiumor hafnium preferably zirconium or hafnium
A can be present or absent and when present is selected fromRLR2Si, R1R2C,
(R11t2C) 2, (R1R2S02, CH2, CH2CH2, wherein R and R2 are independently

phenyl - ar e Bpar e of insi R \afheit oA BN ARARA! DYoL bR o

r epr esent golyeadidaibatitueterri ¢ or a meso form L1 and L2 are the sane
or different c | or, fluorenyl

| o t adi.enyl, ~indeny], tefrahydroindeny]
rings, opti onal&ly’mg ??t‘%ﬂ%’&?dﬁlnﬂ_é& hﬁ’%@aﬁ#"%é&@"ﬁd alsrhydiocgiyl L2 are
the sane %di&ldli,fsﬁllslﬁnﬁte& de@@ﬁﬂ&lqgﬂiﬁﬂ!f,lshalﬁidm?A%cais%ﬁt%ﬁ%ﬂ%oﬁﬁﬂ%%l or

fluorenyl optionally substituted ring any two adj acent” R groups
on the ri mggcaés,eﬂmﬁmbamﬂicyls; pibstititadilymarbyhralidatsy, gémtydciryl radiealyysiri t ut ed,

stbst |t e pbRed seny R BARLHE or Bherak Bratoen S o B mé Bigario nyar i de
radi cal s, féndls pfebillavyclé Atk eHtSiningURTh hbotit8do RBEN PR AdH: GRbsth

hal ocar byl radicals, substituted hal ocarbyl radicals, silylcarbyl radicals,

subst i t ut &getier garcks ayolefimdlielsfis or ganealibawk byl radicals, or substituted
gernyl car gyl rad] : t.h X are joined and bound to the netal atomto
forma ma? Zil I a%yﬁcrﬁgésg itoné(ﬁg%% v F']rs ST EBaYE cgntfl%%%onégs & n atons;
or both t ogsityltesysteminconeistip eseitally ofti ol efin or aryne |igand.

an aluminum alkyl;

a first catalyst precursor prepared by contacting compound (I) represented by the

formula;

X(R)n

Lr
\X(R)n

@

with a substituted aryl alcohol,
wherein

Z~() is a support material, where O is oxygen and Z is Si, Ti, Al, Sn, Fe, Ga, Zr,
B, Mg or Cr;

each X is, independently, nitrogen, oxygen phosphorous, or sulfur, provided that
both X’s are not each oxygen;

each n is, independently, 1 or 2, provided the total of n = 3;

each R is, independently, an alkyl group, a substituted alkyl group, an aryl group,
or a substituted aryl group, provided at least one R group is an aryl or substituted aryl
group; and

a second catalyst precursor, wherein the second catalyst precursor is a
metallocene compound having the formula:
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%2 (1)

wherein:

M is the metal center, and is a Group 4 metal preferably titantum, zirconium or
hafnium, preferably zirconium or hafnium;

A can be present or absent and when present is selected from R;R;Si, RiR2C,
(RiR2C)a, (R1R2S1)2, CH,, CH,CH;, wherein R; and R; are independently selected from
branched or unbranched C1 to C20 hydrocarbyl radicals, phenyl, and substituted phenyl,
and when A is bridged, the catalyst represented can be a racemic or a meso form;

L, and L, are the same or different cyclopentadienyl, indenyl, tetrahydroindenyl
or fluorenyl rings, optionally substituted, that are each bonded to M, or L; and L are the
same or different cyclopentadienyl, indenyl, tetrahydroindenyl or fluorenyl optionally
substituted rings, in which any two adjacent R groups on the rings are optionally joined to
form a substituted or unsubstituted, saturated, partially unsaturated, or aromatic cyclic or
polycyclic substituent; |

X and X; are, independently, hydrogen, halogen, hydride radicals, hydrocarbyl
radicals, substituted hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl
radicals, silylcarbyl radicals, substituted silylcarbyl radicals, germylcarbyl radicals, or
substituted germylcarbyl radicals; or both X are joined and bound to the metal atom to

form a metallacycle ring containing from about 3 to about 20 carbon atoms; or both

together can be an olefin, diolefin or aryne ligand.
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