CATALYST SYSTEM FOR OLEFI N POLYMERI ZATI ON AND POLYMERS
PRODUCED THEREFROM | nventors; WMatthewW Holtcanp
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Novenber 17, 2005. Field of the Invention [0001] This
invention relates to a process to polynerize ol efins
usi ng chrom um catal ysts, the chrom um catal ysts, and
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I nvention [0002 Qefin oolynerlzatlon catal'ysts are
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interest in finding new catal yst conpounds
particul arly conmpounds that can be easily supported
Imvesbtexis: nodi fied by altering the ligands. There al so
exi sts the need to reduce catal yst costs by devel opi ng
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chromumtris(am de)/al unoxane ol efin pol ynerization
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E@Eéﬁlél_ﬂhan 500C i s disclosed to reduce polyethyl ene
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may not react with the support and as
Pﬁ%?ggﬂgﬁeyﬁkbund only formation of oligoners if using
silica cal ci ned above 500 C. Further in 6,040, 399,
conpar ati veexanpl e 4, descri bes a catal yst syst emwth

Field PRRThEhetd( ' 1 1)

[0001] This invention relates to a process to polymerize olefins using
chromium catalysts, the chromium catalysts, and polymers produced therefrom.

Backsround of the Invention

[0002] 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 altering the ligands. There also
exists the need to reduce catalyst costs by developing catalyst systems that are
efficient utilizing simple alkyl aluminums rather than alumoxanes which are

traditionally more expensive.

[0003] 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(Ill) 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 6,040,399, comparative



tri(trinmethylsilyam de) catal yst activated with

triisobutylalum numyielding an extrenely |low activity
w@ologrersiezat i on catal yst. [0004] US 6,01 1, 127PCT/US2006/042215

di scl oses a process for makkng pol yet hyl ene conpri si ng

pol yneri zing ethylene in the presence of a supported

catal yst conprising a chrom um conpound such as a

chrom um am de, an al unoxane, and an organonetal lic
exainhglrxél describ8DD&talikB ssterd vitDsuppeteddSEHT)an et hyl eni c

ol ymeri zation catal yst conprising a chrom um

irsturilyangideneatalyst, actavaﬁ%‘xah iisohgylglumings yieldivg #bt al
Pi) elect
e@?@éﬁé’?@vﬁ?er RIS | g e not

calcined [ 0006] Additional references that are of
terest include: JP-1 1092522 A2 (199-04-06),
[09M11122862%6@19@)©7 disclpags a prpeesy S gakmg pedgghylone) 2)

o<t Sl nelinor B BRATe o he B B oplic RN
colmpising.a dhAGh@im ddngiBund 9@ asbhronfiafidg@hidk dan al@nokane Ua.nd
S. Patent 3,709, 853; 1973, Hogan, J. P.: and Banks,

anprganomgilbpelkewide 825 721, 1958. Sunmary of the
.I'nvention [0007] This invention relates to a support ed
catal yst conposition represented by the fornula: where

[0005]i s pr ef®5aD3 899 BistlagesIh\eithygdiEpSyatLzafiof chialyst
support material, where Ois oxygen, preferably Zis

CORIPIISTg, a GRromige: comgpougg, a %merBalmvgxme @rd a wamsition metal

coﬁ%ﬁﬁ%ﬂ%@%]ﬁX%J%atg @ gélec ronta}scarll afill}(e;l;cfn fj etﬁg c %pntl
composihd istiodalainky,! group, an aryl group, or a

substituted aryl group, provided at |east one R group
is an aryl or substituted

[0006] Additional references that are of interest include: JP-11092522 A2
(199-04-06), JP-11228620 (1999 08-24), JP-10338707 (1998-12-22), Enders, M. ;
Fernandez, P.; Ludwig, G.; Pritzkow, H. Organometallics 2001, 20, 5005-5007,
Theopold, K. H.; Eur. J. Inorg. Chem. 1998, 15., Karapinka., G. L. U. S. Patent
3,709, 853; 1973, Hogan, J. P.; and Banks, R. L. US Patent 2,825,721, 1958.

' Summary of the Invention

[0007] This invention relates to a supported catalyst composition

represented by the formula:

where Cr is preferably in the 3+valence state,



aryl group. [0008] In the fornmula above the Zis
typically present in the formof a support and the
W@ hooons1sme | S bound to the support via at | eastPONESHENG042215
oxygen atom [0009] The inv&ntion also relates to a
pol yneri zati on process using the above catal yst
conpound i n conbination with one or nore al um num
al kyl activators to polynerize olefins. Brief
Z-Ods asiyppdromatefiall WaerPiGrsiongser], pEEEhbIyiZoi1S¢ Th, A Sa, Fe,
representation of the catal yst conpound produced in
Gae;g’n%lMg?FCDet ai | ed Description [0011] For the
ea&ykﬁgﬁﬁ&erp%ﬁdettﬂfl\l,i@,\ie&{é‘on and the clains thereto when
a pol’'ymer s referred tG as conprising an ol efin or
eact h ey, indepariently,tie 20l efin present in the polyner is
t he po,Iq)(msri zed formof the olefin or other nononer,
ap

eagheRid dndapendently, quafivd sroppemsubstibnsdsalkyd grgyon anesl gﬁ@p,
: ih? . '
orSAELI DA o7 AL SR G SRR S € s TS Aol

argidrbip.i n the art, that the active formof the
conmponent is the formthat reacts with the nononers to
produce polyners. In addition, a reactor is any
t ai ner ' [ .cal [.on
[Ogc urs. | (}Eﬁ% fo@%?@%ﬁgg Zﬁg}}%?ﬁ% lelgl ﬁge\(/év&#g%hg rflorﬁ% og% hene
support hritbthPehioading isedtng t6HRUNBP 618 viase tbastSonp uh bk gdeacitdih.
CHEM CAL AND ENG NEERI NG NEWS, 63(5), 27 ( 1985?.
[0013] As used herein, the phrase "represented by the

OB AR R B O R RO ByRY

sane

abb0OdAdlyAcotpeehdiarcembidatien Hethroneal ke alufminGe sikper ei n
to refer to a branched or unbranched, saturated or
activadarsie Kobmesiagelefies- hydr ocar bon radical . Suitable

Brief Description of the Drawings

[0010] Figure 1 is a representation of the catalyst compound produced in
example 2.

Detailed Description

[0011] For the purposes of this invention and the claims thereto when a

polymer is referred to as comprising an olefin or other monomer, the olefin present
in tﬂe 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 container(s) in

which a chemical reaction occurs.



al kyl radicals include, for exanple, nethyl, ethyl,
n- propyl, i-propyl, 2-propenyl (or allyl), vinyl,
wo2anylsye t - butyl , i-butyl (or 2-nethyl propyl )PCEUS20061042215
particul ar enbodi nents, al kyls have between 1 and 200
carbon atons, between 1 and 50 carbon atons or between
1 and 20 carbon atons. [0015] As used herein the term
substituted neans one or nore hydrogen atomto any
[OoaI]bAm used Hegh, aneﬂbvbnuramiﬂgesbh@ﬁ@ﬂﬂ e Pdticdic PablOGRYSSH
, Substituted aryl, cl oal kyl, substituted
is @%1 auklishedp @@Wﬂﬁhﬁﬂ FRENG DEWSERH(h P2 £1956)-
substituted al kyl s include wnt hyl benzyl,
trifluoromethyl and the Iike. [0016] The term"aryl™

[00g3Jused has aad Hefein, @hephrid? "adprévetdn by thefobatilial 14Qidt
whi ch may be a S|ngle aromatic ring or nulti Ie

intgndehto lzf: lrmﬁ@g apfhiscivediingthe sayaeiwep gt feamprisi
od ﬁhﬁ , or linked to a common group such as a
ene or ethylene noiety. The common |inking group
may al so be a carbonyl as in benzophenone or oxygen as
in dlphenélether..The aromatic ring(s) may include
[08kdEny| phsedylereibthsermyfallod pmvﬁgh@tmﬁ refergp plbranghed

ord SRR R R R s PR Bon RS RELE 6

alRYkadiOals AhaR, % O SE, INARYICGTy Bnaieh R0 HARITpADEITE
eSCr i In

"Substituted aryl" refers to aryl as just

(onatlydh vémd, whbutyb ﬂéﬂﬂsdﬁ@@’é (pr&mmhwhvrms}) eter Boparfigular

SRS, BRGerlh APReR48 B by iy

cafiedrestomy e Babvlew 1 adibBEdrbai fmbet er ocycl oal kyl
hal ogen, al kyl hal os (e.g., CFA hydroxy, phosphino,
al koxy, aryloxy am no, thio and bot hsaturated and

4 5har o &5 RTRIr AL SOIRBAIT o8 p5t Fraptf Hhgiogen ™
at6MNBRAY BirBoP s AccdDyansBENYLER Suddlas &Y gBR e DI et y.
The I'inking group may al so be a carbonyl such as in

St@yfetlutﬂd@ml C}f@ , siestitwied cycd@Ikn]l, and cogdihatienstharepfie

)Ea?rr?p es g’tl su%stltuteg ryf's iaﬁu&ehv%m%y%le%%? trgf?u%lrgnallelzthyl and the like.

[0016] The term "aryl" is used herein to refer to an aromatic substituent
which may be a single aromatic ring or multiple aromatic rings which are fused
together, linked, covalently, or linked to a common group such as a methylene or
ethylene moiety. The common linking group may also be a carbonyl as in

. benzophenone or oxygen as in diphenylether. The aromatic ring(s) may include
phenyl, naphthyl, biphenyl, diphenylether, tolyl and benzophenone among others.
In particular embodiments, aryls have between 6 and 200 carbon atoms, between 6
and 50 carbon atoms or between 6 and 20 carbon atoms. "Substituted aryl" refers
to aryl as just described in which one or more hydrogen atom to any carbon is
replaced by one or more groups such as alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, halogen,
alkylhalos (e.g., CFA hydroxy, phosphino, alkoxy, aryloxy, amino, thio and both



where each of QL, 2, and B is independently sel ected

fromthe group consisting of alkyl, substituted al kyl,
weyooelskey | , substituted cycl oal kyl, heterocyl POHUE2006/042215

substituted heterocycl oal kyf, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, alkoxy, aryl oxy,

am no, silyl and conbinations thereof. [0018] The term

"am no" is used herein to refer to the group - NQLQ2,
satineted andahsa0fratedl codlid Hdrocarbbidwhiehdentuked Behegbadté r om

.the group consisting of hydrogen; alkyl, substituted
gy ﬁ?k%isf@wel&nw pr likggde p fomBEen yRUpGHrk 9$ 2 methylene or

oMot S5 Ao tiking BB bl B8 bR BV el kB
pladnblsegonear yl oxy, silyl and conbinations thereof.

[0019] This invention relates to new catal yst
compounds and to a nmethod to polynerize ol efins

risin t . he, new _cat al vSt..c0 ngd. with
TEY L "5 RRLRRL IR s aneh ML P g
walbre RheHLGRQ'QIQE, S itlepshdbitly foctedr Foth e Abip Wheistng
each R is independently a linear cyclic or branched

ofalkyly substauted alikybi cyalopicyla Fuhstifusase cycloaliatl, ntereesdeoalkyl,t he

BRI ' L b t he .al unoxane . resent
s SRR RO bl bl OB kit
hgrerefugt, atloyy, ldylpRyN @ind,&8$) andlcofidirmbibys BeRBM ‘
Alternatively the alunpoxane is present at |ess than
one equival ent per catal yst atom Catalyst Conpounds
0] 1 5} i ption. herein the t al yst..coqpound

[dr(r)g be dgg%gr]tl% edglﬁ{snoasscuaS %FV&H tBlr%thip(s:t f & pN& 6?
wheére ese &l 'SdndQPTip ontiePerlently §dlébhs kbR @bab consisting of
conpound, and these terns are used interchangeably. A

hydspgeny alkyls substitutedsaliednpcloatkyb sulestiteted eitcddaistl, precur sor

i .£0021] .Pr.ef d | yst d
08 ARGk, 8L bR BT ChAe SBELTAY SRR
subkfitfel] heResUrAS alkOx A afiRROkilyl ald CordbindgoRiesesabl y

contains el ectron w thdrawi ng groups such as phenyl,
bi phenyl, napthyl, hal ogenated or partially

[0019] This invention relates to new catalyst compounds and to a method
to polymerize olefins comprising contacting the new catalyst compound with an
alkyl aluminum and a monomer. Preferred alkyl aluminums are represented by

~ the formula: AIRy where each R is independently a linear éyclic or branched alkyl
group. Typically alumoxane is not present in the polymerization, or if it is, the
alumoxane is present at 100 ppm or less, preferably 50 ppm or less, preferably 10
ppm or less, preferably 0 ppm. Alternatively the alumoxane is present at less than

one equivalent per catalyst atom.

Catalyst Compounds

[0020] In the description herein the catalyst compound may be described

as a catalyst precursor, a pre-catalyst compound or a transition metal compound,



hal ogenated aryls, etc. [0022] |h another enbodi nment
the catal yst conpounds of this invention are

wo epreeesné ed by the fornula: This invention reP@L/ES2000042215
a catal yst conposition represented by the fornul a:
where Cr is preferably in the 3+val ence state, Z-Ois
a support material, where Ois oxygen, preferably Z is
one or nore of Si, Ti, A, Sn, Fe, G, Zr, B, My, and
201 thesatdhmXatedised itkepiemgety. YA calye syEteff is SomBiafiss 86 ¥
N, .each n is independently 1 or 2, each R is,
qa%@b@ﬁ%}gfﬂrlawa’&ﬁc%‘fa@l group, a substituted al kyl
group, an aryl group, or a substituted aryl group,
provided at | east one R group is an aryl or
[60213t i t ut @eefated cg@aBsconifRBH uskfil ih@id Al oA iRQY S hose

the Z isgtﬂypi cally present in the formof a support
agyiepids CrdH) enerighrn & sbprarti The anhide prefipably containatleceast

AR B R AT BV oty B e o oF partiaty
hatogtigdd drigsefe.Cl to C30 |inear, branched or cyclic

al kyl group or a substituted or unsubstituted C6 to
C30 aryl group, preferably each Ris, independently,

east r is ar r substituted aryl
[g(?zoz bjp, pr %P%lrogiﬁ y ;‘J’Bﬁﬂ%ﬁﬁ’sﬁ’(es" %ilﬁf?%’e@dm ?0#&15 invertion
ats@prlesdntddiyatly forpmpht hyl (substituted or
unsubstituted), biphenyl (substituted or
Thissigpention geletey to aieaHER preppsitigmiepssertet mdtheformula:
unsubstituted), tolyl (substituted or unsubstituted) or
benzophenone(substituted or unsubstituted), methyl,
et hyl, propyl, butyl, isobutyl, hexyl, isohexyl,
octyl, cycl ohexyl, dodecyl, or a m xture thereof.
Preferred aryl or substituted aryIAEKEQhﬁ are sel ected
fromthe gro consi stjng of pDﬁﬂ?T(subs ituted or

unsubst i t ut eddTapnt QI sTHsTt ut ed or
unsubstituted), biphenyl (substit Ei
unsubstituted), diphenylether(subst )ﬁi or

where Cr is preferably in the 3+valence state,

Z-O is a support material, where O is oxygen, preferably Z is one or more of Si,
Ti, Al, Sn, Fe, Ga, Zr, B, Mg, and Cr,

each X is, independently, N, O, P or S, preferably N,

each n is independently 1 or 2,

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.

[0023] In the formula above the Z is typically present in the form of a

support and the chromium is bound to the support via at least one an oxygen atom.



unsubstituted), tolyl (substituted or unsubstituted) or

benzophenone(substituted or unsubstituted). [0025]
wo\doenesrel y, each R is, independently, an al kpdT/USsm0§042215

a substituted al kyl group, an aryl group, or a

substituted aryl group, provided at |east one R group

is an aryl or substituted aryl group. [0026] In a

preferred enbodi nent in the above formula, both X

[0024jups arka abalternit enbddimencdackiRi is, in@iperddadyS 4 amstitied
group consisting of phenyl (substituted or

onmsustityted € bEp Cg hpgerRraqchiad et eyclie elikybgroup or a substituted

Tl D] titut .
or RERTRod S8 e Gl ERYD GTRREL BLRR Briagengpdentsy at east
onler T ghipiid aif &6 or stibdtirhited uBs bidup! Sefepibly NSRS I(bubstifgdd &
benzophenone(substituted or unsubstituted)phenyl,

unsplastisytgghy pa sEpsjfuberbor unsylstiseedobiphenylEihstiitesqr

i SLINNG: L ..phenyl i.nhenyl .. .£1 uar.ophenyl ,
BRSO Gl DR b B s BHER Y el SR B
ursbiesteutbd) orbeRzopBEiRnsiibstitited BEURUBRRutEd) BetB], BRGH N 1S

2 and each Ris selected fromthe group consisting of

Prapdnbutyks isebutyk hexod isnhenrs oefst cyalehkeyl, dodecyl, or a mixture

t ' bstituted),
R0 IERHRS! b  HSHRER B som e oy
comtsiptiegyf pieh(ibstheted briadibatituteds whshthlsuBdtuted or

tolyl (substituted or unsubstitute r

unsEbiGHrnbinbenyl(Behstiteder wsubstitiBed)i ‘ﬂigh@d’)qﬁm@ybsﬁmted or

I : ' | ected f th
LSR8 0 0 B Sl R g1
ursobbtingkd)l . [ 0028] In a further enbodi ment, the

supported chrom um conpound represented by the
formula: (where Z, X Rand n are as defined above), is

b5 e LRRERTERI0L PR RALLY B ERTRRIP A
e SR TS A OIS
gravyisranjagyl pr gbsiituted aryltgsoup.t he ani de Cr (HT) species on
t he support
[0026] In a preferred embodiment in the above formula, both X groups are
N, nis 2 and each R is selected from the group consisting of phenyl(substituted or
unsubstituted), naphthyl(substituted or unsubstituted), biphenyl(substituted or
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 napthyl, phenyl, biphenyl,

‘ fluorophenyl, and tolyl.

[0027] In a preferred embodiment in the above formula, ohe Xis N, the
other X is O, each nis 2 and each R is selected from the group consisting of
phenyl(substituted or unsubstituted), naphthyl(substituted or unsubstituted),
biphenyl(substituted or unsubstituted), diphenylether(substituted or unsﬁbstituted),
tolyl(substituted or unsubstituted) or benzophenone(substituted or



may be reacted with other heteroatom containing
i gands that contain an acidi c hydrogen capabl e of

wo pwenetsrerg am ne fromthe G species. For exam@l/E$2006/042215
per fl uorophenol was reacted8wi th the di phenyl am de
Cr(H) silica bound species. D phenyl am ne was
rel eased into the solvent yielding a Cr
per f |l uor ophenoxy speci es. Thus we have di scovered a
wsnhstinited)phenyll peeftrablyahsh Rodp 8 a8€sedfrothfe gRHM UM
site.on the support.. Activators and Activation
qoBsisBREoimspthyh phed. bivhsayh Bluoropheo29hd Tigl cat al yst
conmpounds, described above, are typically activated in
vari ous ways to yield conpounds having an al kyl group
[802B]a vacdnta fomker @hibdlingsht, $hd SiphbAtd Wrbhik® 5HbRRkE
insert, and polynerize olefin(s) or other nononers.
repfesanfrd Byifhp dgewlasf t his patent specification and
appended cl ains, the terns "cocat al ~\and
"activator" are used herein inter hly and are
defined to be=any congﬂund m@h} can activate any one
of the cataly conmpoumds de \hbsg above by
converting the catal yst conmpound t talytically

active catal yst conpound. Non-limt Btivators, for

F Rl ] k JAL um num I e
(B R B BT ), WY bl PR ol tyive
campotndsite adpllacetone sebdstk (R ploas. MorteRgmpreimd dippMddR') 3

where each R' is, jndependently, a C to C30 al kyl
CHFORUP™ GomEoEpd f5i rgacggd wigh %QﬁR'ni(Wéaqe 201s Nr@nSive®, B! isyhe

f y L lected.fromthe
UK SO o BLELPPL RO B AR R Mo
nprtteyrbactdewith pthechatérpatoonaontaiiag Yikandd Mike c¥htainGA R .
i,ncluding all. isqmers thereof, such as isobutyl,

v408ER sApaBlecf Jibratng gruing fop edirapecies. dionmkampteal kyl
p@ﬁfu‘oibﬁ{l/a@%fl WAGLALE i ﬂggﬁ%&@ﬁ?}h %g};ﬁ[ﬂ) silica bound species.

triet umnum tri-n
Diphenghaimite/tvad rehsasdintotthé selviieyididh m%gﬂﬂuorophenoxy
tri- n-ggtyl al um num and the |ike. [0031] Wen the
SRRAIGSv 188 We haggdigergred # coryenient see teevanp thertigands oféhect

chromium site on the support..

Activators and Activation Méthods for Catalyst Compounds

[0029] The catalyst compounds, described above, are typically activated in
various ways to yield compounds having an alkyl 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 active catalyst

compound. Non-limiting activators, for example, include aluminum alkyls.



t he maxi num anmount of activator at a 5000-fold nolar
excess Al/Cr over the catal yst conpound (per netal
W@ 200al0ytsr€ site). The m ni mum PCT/US2006/042215

activator-to-catal ystconpoutnd is a 1:1 nolar ratio. In
general the catal yst conpounds and the activators are
conbined in nolar ratios of about 1:10,000 to about
10:1, alternatively from1:5000 to 10:1, alternatively

Alumiauly R Adtivi@ork; al ternatively, 1:500 to 2 :1; or
1:300 to 1:1. Multiple activators may be used,
i ncl udi ng using m xes of different alum num al kyl s.

2] Al . Chraom.um.t o alum num rati os are
BT 1 SEORR Etr PR e Bt Bhe e Rigume
b tie fomdla 211000, AeReOEIAR"AE) iHE@PEHERAily OO CONSlkyBR6up,

desired properties. Supports [0033] %referably t%e
prcherahly £il te #eps ertgalvged #liyl gronpe mdre preiferebly dackeR" is

rial or carrier. .The su r.t terial i
sGUBRE Rt BlohfeaisshBiot e SR TT by heahy
ot nSiyAPACHE Und@yE doddcyi, $indluBRE AUSschkP MeteolBLEK b2l

for exanple, talc, and inorganic oxides. O her support

isehptah isposty; ete)) ursticudastyipreferred alyminum glbasttiagiors ineludeay

r [.C fnorgani c. s r.t materi.al d t he
b ta SR P Ry PR & F BB G el i,
- pReeylbklurdhen] @i-8-oafyRiliniaiaant ¢heomigdes that include
those G oup 2, 3, 4, 5, 13 or 14 netal oxides. The

preferred supports include silica, which may or may

be dehlydrated.. funmed silica, .al um na .
[@g}]a_ooss) WIS Syl e AR egme ﬁ%@ﬂeﬂts select
tHeandxi@iuiedrhaunt S€hdtvatod BROSG0D-foRChbRE ARENEPC Rover the
titania, zirconia, nontnorillonite (European Patent

catplyscoppsund GesInetah hgthlyde bikd) c Ahe minisvini e@iyator-fo-catalyst-
(; .1 Pat ent. . 6,0 18 nd the |ik Al so,

RS D1mBlE ol B el i Gl Poimbigt T i oty

adtbatoex aRbRbirkelih Gl MERFIEAbous i o0 WHd R 0:1,

silica-titania and the |ike.
alternatively from 1:5000 to 10:1, alternatively from 1:1000 to 10:1; alternatively,

1:500 to 2:1; or 1:300 to 1:1. Multiple activators may be used, including using

mixes of different aluminum alkyls.

[0032] Alternately, Chromium to aluminum ratios are about 1 to 20.
Preferred amounts may be anywhere from 1:1 to 1:5,000 depending on reactor,

conditions, and desired properties.

Supports

[0033] Preferably the catalyst compositions of this invention include a
support material or carrier. The support material is any of the conventional
éupport materials. Preferably the supported material is a porous support material,

for example, talc, and inorganic oxides. Other support materials include zeolites,



[0035] It is preferred that the support material, nost
preferably an inorganic oxide, has a surface area in

wao b®7oensge of from about 10 to about 700 tt p-|BCT/PR2086/042215
volunme in the range of frombabout 0.1 to about 4.0
cc/g and average particle size in the range of from
about 5 to about 500 mMm More preferably, the surface
area of the support material is in the range of from

diyepergaibclays,aivany ofRP ofpihie or BREQNINPHE Blatd{a0 B ARO Hice,
0.5 to agout 3.5 cc/g and average particle size of
Foyusgsdhereal to about 200 nm Most preferably the
surface area of the support material is in the range
is fromabout 100 to about 400 m/g, pore volune from

[8634)t 0. 8 The padferred Suppoft ABeriFhr8 Wik 3% HAlLS thhiGnahds

%s fromabout 5 to about 100 nm The average pore size
theset(rauR r3-i%e f> Lis@r 1A metal avidesi Mhe prafemed spppad inylubias

BB Rich Bt b e BBl Bt oo BB
BEPA33), 6636 hlubiinanat m@ﬁmem@fébﬂ%imgﬂ%%%fshp%c )

.conprise one or nore types of support materi al
lﬂﬂ‘;&déa%egat Hgnig; Fireontpmoptmardlondg fippbecaoatend BPB UG e

' Il1leas at. h ifferent r ol S
B PRl en®, oS, By o A Bl B and T
likiek étos eornbigatianis| of thise sibpsitlhaiddahy Badsdesn e&ﬁrﬁ@@ed
ith a scavenger or other additive and a silica that
sHica-chimipweo siifa-phuating silicy-titanés andghotiks have been
cal ci ned at tenperatures above 500 C, preferably above
550 C, preferably at 600 C or above, preferably above

[6083] C , pitek predirkad @bt tﬁ@&p%oﬁ‘ina@&ﬁ?’,%os@?fgf&ﬁ blay above
. 750 C , preferably at 800 0C or above. [0038] "I n an
InQreaRGieide, dah  aurastarea ih ghesrapgeorftfeonh ahaet 6 ém alxait G0 ed
af, tenperatures above 200 C, preferably above 300 0C,
Y B PeFalyms in thggange of froanabpat 0. doasiut H cefmartdeaverage

p@ﬁf@%‘%@i%ﬁﬂ the Itaﬂge SEPRR D Sut ngg gb()r]u?tSOG) ﬁ?nr.] o{*ecfi)rggegdbly, the
surface area of the support material is in the range of from about 50 to about 500

m2/g, pore volume of from about 0.5 to about 3.5 cc/g and average particle size of

from about 10 to about 200 pm. Most preferably the surface area of the support

material is in the range is from about 100 to about 400 m2/ g, pore volume from

~about 0.8 to about 3.0 cc/ g and average particle size is from about 5 to about 100
um. The average pore size of the carrier useful in the invention typically has pore
size in the range of from 10 to 10004, preferably 50 to about 5004, and most
preferably 75 to about 350A.

| [0036] In another 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 could use a silica that had been treated with

a scavenger or other additive and a silica that had not.



[ 0040] The process of |oading the catalyst on the
support material involves conbining the support and
W@ 200a0y1576 at el evated tenperatures (such as 60PCX/082006/042215
above, or 100 C or above). TThe anount of catal yst
| oaded on the support is based on the anmount of
reactive noieties on the surface of the support and
the desired degree of |oading. Catal yst |oading nay

[oamq;e f r ofreferablgakie {uppofidhdleybebn cdlfnSXRASHpériRPabove
| oadi ng). The chrom um conpl ex is dissol ved In a

SABRC rRisFabbpabpra 50 8Ge nreé@ablwbmb% Qleab@ve,tprbﬁambby aove

dd Thi
o8 oty WL S yp Rt Pondard ar epaiiten
826 °Coantbved00 C for 5 hours to 48 hours On conpl etion

of the reaction, the supported catal yst can be
separat ed fromany byproducts by filtrati on and used

rea ed fur eci.fically the
pr 3 ess can ! eg?a\/e ef&%?ﬁﬁ?ﬁ}ltxgieé&aﬁ? hgye cdnegraty he
tephyfeRdtindBniidve 200 ONBRYIr Ty d50ve @08 oY ShrefRsbIS bi Ad0P
(previously calci nglg aﬂﬂ%oo 00, |nf)rteol ueﬁe at t %r
a9y at ed tenperature of 100 C overni ght. The supported
chrom um (DT) di phenyl am de catal yst is then washed
with toluene, filtered, and dried for further use or
[0039] T i cat iDdhottSk BinbadineRRTd QBpGAHE nBf¥5ecfl cBlcHRad
when replacing an X(R n group W|th an
group Mononers [0041] The catal yst conpounds descri bed

g B
- chabinfig the QPparttand 3ala Reltyabe %peﬁ[tﬁ%? gsﬁ 80 4@ or

carbon atons, and nore preferably car on atomns.
alygyisf o 1Q%’ﬁ3mmbqu)n dhe dmoummfa;atalyist lamtfldem the suppoktiis based

{fhe St ot ear br ar}ched cI | al pha ol ef j ns;

chfPting ot REdlg PNy or B ¢ syymgERAn e festred

d%e&&ﬂbé@n@'@t@ys@ MRemeths/ ﬂaﬁ§e fr&hrﬁ%%ad (FL p@ﬁ tQ@Excess
yclic polyenes; linear Branched or cyclic a

(1&0%(# fordinglPr Bleshragiumomonsesisidissbived 1mmomdormm rselvexﬁt
SL}EE'l r% tﬂﬁl bﬁxgﬁqftgryliéhel‘gr?e %, té%ge% t%) W}P&n&e support material is added.

This mixture is typically heated at a temperature between 25 °C and 200 °C for 5
hours to 48 hours. On completion of the reaction, the supported catalyst can be
separated from any byproducts by filtration and used as is, or reacted further.
More specifically the process can involve combining equimolar amouﬁts of the
chromium (II) diphenylamide catalyst and silica (previously calcined at 600 °C),
in toluene at the elevated temperature of 100 °C overnight. The supported
chromium (III) diphenylamide catalyst is then washed with toluene, filtered, and
dried for further use or modification. Similar reaction conditions are used when

replacing an X(R)n group with an HX'R'n group.



1, octene-1, decene-1, 3-nethyl-pentene-l, norbornene,

nor bor nadi ene, vinyl norbornene, ethylidene norbornene
woreonersse [ 0042] In a particularly preferred PCT/US2006/042215

enbodi ment the process of tlis invention relates to

t he honopol yneri zati on of ethylene or the

copol yneri zation of ethylene with at | east one

conmonorer having from4 to 8 carbon atons, preferably
Mbulomers car bon atons. Particularly, the conononers are

but ene-1, 4-nethyl-pentene-1, 3- nethyl-pentene-1,

hexene-1 and octene-1, the nost preferred being

-1, - t a1 0043 t
OO TPy G o BB BB PR e O T Biucea
pdigmerization off op¢ OPYbRE niHTRRE. YTicalmoheRelsYARhde The
conononer_  of the copolyner is preferably a C4 to C20

monerags haping Aored 30 earben domsmpfsrablyadrd? carbometoms, and

' [ C12. 1] b d
RSN 215 By MBS ik R Sl i appached

othgxHO 6lefinglinenchratbib® BEcyclio ARAE oleHAs;aNRar, BAABKRINE cydlic
et hyl -pentene-1, 3-nethyl pentene-1,
diglefins; lineprranghed pe gyohis 2lphaoneees ietefing Kéneat, hrapched or cyclic

' . e I [ resent at 5.l % or

P S O e S e Rl

omxhosTethyiede Shropylenc bikeAD PO teRE-108-r6ARALNARNhe -9 héXRBe-
or nore linear or branched C3 to C30 prochiral

L.eAckg=lo feaene Lof-nethyl wemisue-1 i nrgbasencanerbagadiens,iviryl or
ndiB 'eﬂétethglﬂﬁex}er}l%ﬁ)eo?{en%a & %lrfe?sf. bei ng pol ymer | zed by
el ther "stereospeci 1 ¢ and non-stereospecific
catal ysts. Prochiral, as used herein, refers to
nmononers that favor the formation of isotactic or

[0842ki ot ackiapaséuarbrprafeand pobydiarentd puesiesspf this invention

i t al.yst .. [ 00 I th
ol A R R AR Egs B3R, e Bt idene
wih @fTRbitong bOHPncHRR ARk T RO BAS orf HHA ;tsrefepamw 97
carbon atons. Suitable aromatic-group-contai ni ng

c 8. Batprlpdy the caneensmesnare dntsnedtlj 4¢-nxthylpentens-1,3-
| romone .t o, thre nore preferably a
mgﬁgfﬁ%n gney 1 fhex i1l ﬂf ernbi oorcgeﬁ’ﬁ 1’, rmost pr erred%elng ﬁ/exene-l,

, I ndenyT,
butene-1 and octene-1.

[0043] In another particularly preferred embodiment the polymer produced
herein is a propylene homopolymer or copolymer. The comonomer of the
copolymer is preferably a C4 to C20 linear, branched or cyclic monomer, and in
one embodiment is a C4 to C12 linear or branched alpha-olefin, preferably
ethylene, butene, pentene, hexene, heptene, octene, nonene, decene, dodecene, 4-
methyl-pentene-1, 3-methyl pentene-1, 3,5,5-trimethyl-hexene-1, and the like. In

an alternate embodiment, ethylene is present at 5 mol% or less.

[0044] In another embodiment the polymer produced herein is a
homopolymer or copolymer of one or more linear or branched C3 to C30 prochiral

alpha-olefins or C5 to C30 ring containing olefins or combinations thereof capable



napht hyl noi ety. The aromati c-group-contai ni ng nononer

further conprises at |east one pol ynerizabl e doubl e
whemwdoersch t hat after pol ymerization, the aronBtT/US2006/042215

structure will be pendant fBom the pol ymer backbone.

The aromati c-group contai ning nononer may further be

substituted with one or nore hydrocarbyl groups

including but not limted to d to d O al kyl groups.
ofAgtilig padnattizedtweithel seeeipecifidaid hdi-stev@sspEBificaiaBisRed

to forma ring structure. Preferred aromaticgroup-

Preglyral; asiusgd hersimntsiars tognengmers that Eayer th@rf@n%i@mf isotactic
- | i zabl i ni iety.
oSPAFLAREPRRETARE MuSeP BTG ARl =

styrene, al pha-nethyl styrene, para-al kyl styrenes,
vi nyl t ol uenes, vinyl naphthal ene, allyl benzene, and

[0043lene, ebyraethsr empbedimentniie npanomes thipe palymerrad, comprises

- nyl - | n nd allyl benzen 046] Non, .
arSBE B PlaE s SRR Fn ok slome Sighle
arumefi¢teroirRiRiEndRbeoers EHRPAsIRNUIES R FaRaGORhRile,UP

to 30 carbon atoms. Suitable non-aromatic cyclic group

prefsrably Apmpnede Sies: s105¢ prearaly ¢ pheisd indenlyb dkorepyle or

r olefinic group.that is ei r pendant  ,on
BRIl i e Sy BB B o ing i BERR o
lesst bHE polfymeriZite £diibld BonBlstetCthut ST pyly csRatitsh, fHerd-bifktic

substituted by one or nore hydrocargél groups such as,
£

stygture Wil be pendant fram thet polygnerbackdiony @I@p@.ﬁC%r@fpe:r r Sd
e HRbIE: 40t el Hhs RS O PG ise e

gretifiyintldeing buohkidinfiedae CIM6 CapantRgiRpe, AddiEbrRNBNE,
cycl ohexene, cycl obut ene, vinyl adamantane and the

adjjcgpt qubstviionsagyheieted tofoshiaritgyioetrs Rrsiied aiomatiei s

i i.on. jncl h b . ,
b F e A SR R She WRalle sl Grronmdeatan
pdianetszabld 6 fiio nidiety. RGNy SofdnRE attisAlcUh S RerPRIRRSe

are readily incorporated into a polynmer by either a
sty ees, alpbpansthylstysne.parrorikdstarenes povitblusnesavialylpeplitbylend, t

alfy?bér{%ﬁa %hd indene, especially styrene, paramethyl styrene, 4-phenyl-1-

butene and allyl benzene.

[0046] Non aromatic cyclic group containing monomers are also useful
monomers herein. These monomers can contain up to 30 carbon atoms. Suitable
non-aromatic cyclic group containing monomers preferably have at least one
polymerizable olefinic group that is either pendant on the cyclic structure or is part |
of the cyclic structure. The cyclic structure may also be further substituted by one
or more hydrocarbyl groups such as, but not limited to, C1 to C10 alkyl groups.
Preferred non-aromatic cyclic group containing monomers include
vinylcyclohexane, vinylcyclohexene, vinylnorbornene, ethylidene norbornene,

cyclopentadiene, cyclopentene, cyclohexene, cyclobutene, vinyladamantane and
the like.



preferred that the diolefin nononers be selected from
al pha, onega-di ene nononers (i.e. di-vinyl nononers).
worrg/oprsed er abl y, the diolefin nononmers are | i PERDS2006/042215
di -vi nyl nonomers, nost preflerably those containing
from4 to 30 carbon atons. Exanples of preferred
di enes i nclude butadi ene, pentadi ene, hexadi ene,
hept adi ene, oct adi ene, nonadi ene, decadi ene,
[004Tiecadi ePreferatddiéslefiti @oRomérs uskeaipielithie @avention include any

tetradecadi ene, pentadecadi ene, hexadecadi ene,
h PlaFre preferably &dni(BRehavinsaidersh b ewsaturated

b n?l?s\ﬂgérgﬁgt legﬁrf&f'o%?ftﬁqﬁ&fﬁﬁateqoo% ﬁadl G gturééogpoosr%d(ll RS

racosadi ene pentacoSadl ene

a pelpinecippéittict B Steredsper it A RS erbsHPaEi A6 a@ta@@t@s) It is further
triacont adi ene, parti cul arI% preferred di enes include

prefegres it thei diplelin mopomersdiselseicd from sloha @imese-diene

ol BB TP AP0 e A e
Tt @CuhglrmuvRingdtt, ek phGasly ees c&ﬂW\i'nir%Sfﬁorh khas 33.@&448on

g/nmol). Preferred cyclic dienes inclu
atelgﬂél BisanplssipEpretorspil ﬁ;ﬁnﬁw@@dﬁbw@dlen@rplgmaﬁ@m,élﬁéadlene

he%ttenl}f’é 'edc?cqg 15110 r R&{aﬁ%ﬂg dege#] un ge@%cg?ﬁe’ d%ﬁleﬁadlalil sl ef Ms

ene or

tri&eéefdldﬁé t‘étrﬁdwbﬂleﬁd,l béﬂthdedﬁﬁérfe Héxaﬂédaﬂ%% Hdptdecadiene,
p05|t|ons [0048] In_a preferred embodi ment one or

Oc‘r'i@sieéadmr@né@ladp@dmnés@ﬁﬁadmexh@epeﬁegdme facosndicng, her ei n

tri%saldEeInE %et]' pCr g?del%yéﬁ)g{%ﬁegfg?%ﬁ Q\I-:)OS(:ldl-el‘lt?1 %CH}&COS& 1ﬁn fror e

ocﬂicﬁﬁz&ﬁ@bl Nordc&ddiche, tﬁao'bn’s&ﬁieﬁb tpa%cu@e&%ﬁﬁeféﬁ@@ diefigs therhad
ght of the conposition. In sone enbodi nents 500 ppm

1 éﬂlepféé@n@fl Bp@tﬁ@enes 1§madne@e,tlk%dmﬂ5¢mrh Kamidspadiene,

PLEREL ARl > BRBkonert DR Bi PR bV B GRS <

W&@Hﬁd)lﬂﬁltddi@le@ oliynees tBat 1000, o/0b1)1 PeroRen SfclibBieles BElude
150 ppmor nore. [0049] In another enbodi nent ethyl ene

cyslopgriagigne yeuilzorpernenee porhemadicnd: ettyliderssnorbewene,
dlg gb%ﬁ;en% (ﬁc%r(nf n%dlseng Or 1‘;1% e@n%gtc%ﬁpmmxggloleﬁns with or

w1thout substituents at various ring positions.

[0048] In a preferred embodiment one or more dienes are present in the
polymer produced herein at 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 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.

[0049] In another embodiment ethylene or propylene is polymerized with
at least two different comonomers to form a terpolymer. The preferred

comonomers are a combination of alpha-olefin monomers having 4 to 10 carbon



conononers are a conbi nation of al pha-ol efn nononers
having 4 to 10 carbonatons, nore preferably 4 to 8
W@ 200b06152¢ ons, optionally with at | east one di BCIEUS2006/042215
nmononer. The preferred terpdl ynmers include the
conbi nati ons such as ethyl ene/ but ene-1/ hexene-1,
et hyl ene/ pr opyl ene/ but ene- 1,
propyl ene/ et hyl ene/ hexene- 1, ethyl ene/ propyl ene/
atoras, ors rederably 4th S daibon. atdind, ppronatigtwitat RERc &fSdiene
0050] .The catal ysts and, catal yst systens descri bed
mg%’%‘- A Prstereddemolnery insludg the comtungtions suslyas, gas or

I I | zat | cpnbi nati on
Ay PSR SRRt D'k phase
propylsmetsthyl atel leir elps- Dotibdencirep @b hyrbbhirn® bt s sikes a

conti nuous process. By continuous is neant a system
that operates (or is intended to operate) wthout
P&l{’h@:%&’tﬁ’uﬂﬁ%c?{se&essati on. For exanple a continuous
process to proouce a polynmer woul d be one where the
reactants are continually introduced into one or nore

reactors and ][ool mer. product is continually w thdrawn.
[008f51] | nThsrfe a@fﬁi/mﬂ parlyst syistesnsi deseaiberl @hovesare Fyitablefar

. [ L LT r._ga hase ..
s b GE bl L S RSN e 8B AR on
thedeof) peef@tbliresiation phaye 0Bk phass pollyrhérdiation pcdl. car bon
atons, preferably 3-12 carbon atons, and nore
Prisfesably tisIPyocgsy is agortinueyn PiCeis Bymoatiaqus s mews sshiem
' 2 - I ene-1 entene- 1,
R R AP EnPRIS ofroh BRUO eI G0 1
exampid Hydntipeniseineceks toitdduty @lpobynfdr&fdulbObnedwhere the
conmbi nation thereof. O her nononmers can include vinyl

repginBnEe sontiuglls o dycrdhintpsongios mese rqgeioyeeandpolymer product
. bor nadi ene, vinyl norbornene,
is g%&%@g@%hdﬁ%

ne nor bornene nononers. Preferably a
honmopol ymer or copol yner of propylene is produced. In
anot her enbodi nent, both a honopol ynmer of propyl ene

[08%H a codBlopeembedimsnt s Erventiamis directed tavuwe thefsotubien,
i @Rﬁ[ﬁ)'osf glaé f)‘ﬁa%g pggrgqve%zgt{oen reactions involving the polymerization of

one or more of monomers having from 3 to 30 carbon atoms, preferably 3-12

carbon atoms, and more preferably 3 to 8 carbon atoms. Preferred monomers
include one or more of propylene, butene-1, pentene-1, 4-methyl-pentene-1,
hexene-1, octene-1, decene-1, 3-methyl-pentene-1, and cyclic olefins or a
combination thereof. Other monomers can include vinyl monomers, diolefins
such as dienes, polyenes, norbornene, norbornadiene, vinyl norbornene, ethylidene
norbornene monomers. Preferably a homopolymer or copolymer of propylene is
produced. In another embodiment, both a homopolymer of propylene and a
copolymer of propylene and one or more of the monomers listed above are

produced. ¢

[0052] One or more reactors in series or in parallel may be used in the

present invention. Catalyst compound and activator may be delivered as a



produced. [ [0052] One or nore reactors in series or

in parallel nmay be used in the present invention.
w@2ai0alyste conpound and activator may be del i veP@€OUS®06/042215

asol ution or slurry, eitherléseparately to the reactor,

activated in-line just prior to the reactor, or

preactivated and punped as an activated sol ution or

slurry to the reactor. A preferred operation is two

Shutioni cosBirgeeithensepdrately bd Me redor, 4B Red ﬁf-ﬁﬁ{)ﬁ%ﬂﬁ& Pthe

net hods to jntroduce nmultiple catalysts into reactors,
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. : i oh ’ ’
i R A -

cat al yst
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lksnps atime agggrpaded ent ameithep fingleoeatorrpemtionda twitich
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RS ShohBBS, Lo RS el RhecE AR QBRI Bodifras grst
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on and ‘anot her

ago onent being added to first reacti
B%We% arstadded focael of Vo ¢ron@8redctoroommentbod iti sveips.
120Q.# Logen. | dded to,the,

0ol VB | ézbg\l%qogﬁc?s %%1 bgég%%%ogpe fnéq’g Leacior indhe setisg, dhe paalyst
cbmpondne magat3o Bt aBddSo dotH RabrsSRiRBAL SmpHdhALEL, |
agded to the polynerization, or 100 ppﬁ?or nor e, %?wd
tq BF5t BRIy andgnathexpomimmgaicopdiey neaciozsit i on [ 0054]
Generally in a fluidized gas bed process useful herein
for producing polynmers, a gaseous stream contai ni ng

[@058] or D IEorERITRIfertS00 PP (FYQM %k‘}iycﬁxgénelg a&&Uélqgglbe a
f{ ui di zed bed in the presence of a cataryst under

polymerization, or 400ppm 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.

Gas Phase Polymerization

[0054] Generally, in a fluidized gas bed process useful herein for
producing polymers, a gaseous stream containing one or more monomers is
continuously cycled through a fluidized bed in the presence of a catalyst under
reactive conditions. The gaseous stream is withdrawn from the fluidized bed and
recycled back into the reactor. Simultaneously, polymer product is withdrawn
from the reactor and fresh monomer is added to replace the polymerized
monomer. (See for example U.S. Patent Nos. 4,543,399, 4,588,790, 5,028,670,
3,317,036, 5,352,749, 5,405,922, 5,436,304, 5,453,471, 5,462,999, 5,616,661 and
5,668,228 all of which are fully incorporated herein by reference.)



reacti ve conditions. The gaseous streamis w thdrawn
fromthe fluidized bed and recycl ed back into the

WO e@chers’e Si mul t aneously, pol ymer product is wWeTUsz061042215
fromthe reactor and fresh ononer is added to repl ace
t he polynerized nononmer. (See for exanple U S. Patent
Nos. 4,543,399, 4,588,790, 5,028,670, 5,317,036,
5,352,749, 5,405,922, 5,436,304, 5,453,471, 5,462,999,
5,616,661 and 5,668,228 all of which are fully

,ncorporated herein by reference.)Slurry Phase
&Wpﬁﬁm&%ﬂ%] A slurry polynerization process
general ly operates between 1 to about 50 at nosphere
pressure range (15 psi to 735 psi, 103 kPa to 5068

[R055] or evesiugy palytieridattbnl RORAS it AR Ip@ra%&%e{v@e%gq el
0C to about 1200C. In a slurry polymerization
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t enperature and pressure. refer exané or an

megmﬁran]@ympgm hesilqgtrblllraipedle ck)ﬁﬂ)ﬁiﬁils of ppenairaneh sent
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known in the art, and described in for

[0056] In one 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 kept below the temperature at which the polymer goes
into solution. Such technique is well known in the art, and described in for
instance U.S. Patent No. 3,248,179 which is fully incorporated herein by
reference. The preferred temperature in the particle form process is within the
range of about 85°C to about 110°C. Two preferred polymerization methods for
the slurry process are those employing a loop reactor and those utilizing a plurality
of stirred reactors in series, parallel, or combinations thereof. Non-limiting
examples of slurry processes include continuous loop or stirred tank processes.

. Also, other examples of shurry processes are described in U.S. Patent No.

4,613,484, which is herein fully incorporated by reference.



instance U.S. Patent No. 3,248,179 which is fully
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[0059] In another embodiment, the reactor used in the slurry process useful

-in the invention is capable of and the process useful in the invention is producing

- greater than 2000 Ibs of polymer per hour (907 Kg/hr), more preferably greater
than 5000 lbs/hr (2268 Kg/hr), and most preferably greater than 10,000 lbs/hr
(4540 Kg/hr). In another embodiment the slurry reactor used in the process useful
in the invention is producing greater than 15,000 Ibs of polymer per hour (6804
Keg/hr), preferably greater than 25,000 Ibs/hr (11,340 Kg/hr) to about 100,000
Ibs/hr (45,500 Kg/hr).

[0060] In another embodiment 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), preferably 450 psig (3103 kPa) to about 700 psig (4827 kPa), more



[0059] hi another enbodi ment, the reactor used in the
slurry process useful in the invention is capabl e of
w@ea70bs7@r ocess useful in the invention is prpdiusing6/042215
greater than 2000 | bs of pddynmer per hour (907 Kg/hr),
nore preferably greater than 5000 | bs/hr (2268 Kg/hr),
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Kg/ hr). hi another enbodi ment the slurry reactor used
pr&:ferablyéoprpsrge(sg481kEzi)ub ab@tﬁb@phg(@t&il@ﬁ) insosp predhiahing
ter than 15, 000 I bs_of . pol per hour (6804
fr%ﬁ‘?ﬂﬂ} %P%EQ@&@%F%@W&% E%a 000 | bs/hr ( 11,340
Kg/ hr) to about 100, 000 | bs/ hr (45,500 Kg/hr). [0060]
hi anot her enbodiment in the slurry process useful in
[00618 | nvemh yerunblier tdbadimesiaa ey sl iodés ussful  thdre
range of from 400 (2758 kPa) to 800 psig (5516
inygniipn thecopequingtion @ meg@wa@m@m@ar} thedemdtqum@eéigmg

s PR Fof B! SoRERl ELS LR RS pib et o Mok 248
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mesh graferglelyidiognaliayé 3 do Abas b epigh Ressentpr edoni nant  monormer
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about 3 to about 6 wei ght percent. Honpgeneous, BulKk,
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Slﬁ@BIre Phccesdes mperhmbwé thie &hﬂamfg pHintQff tﬁd}ﬁ)lﬂﬁém Aehigh at
hi gh pressures, from1l to 3000 bar (10-30,000 MPa), in
Prodsien e 1,&@&@%]5&11‘6(&@@0,9@0 MPa), in which the monomer acts as

diluent or in solution polymerization using a solvent.

[0063] - Temperature control in the reactor is obtained by balancing the heat
of polymerization with reactor cooling by reactor jackets or cooling coils to cool
the contents of the reactor, auto refrigeration, pre-chilled feeds, vaporization of
liquid medium (diluent, monomers or solvent) or combinations of all three.
Adiabatic reactors with pre-chilled feeds may also be used. The reactor
temperature depends on the catalyst used. In general, the reactor temperature
preferably can vary between about 30°C and about 160°C, more preferably from
about 90°C to about 150 °C, and most preferably from about 100°C to about
140°C. Polymerization temperature may vary depending on catalyst choice. In
series 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



diluent or in solution polynerization using a solvent.

[ 0063] Tenperature control in the reactor is obtained
whyoobabdnci ng t he heat of polymerizati on with PEHRUSING/042215

cooling by reactor jackets 2or cooling coils to coo
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YHeRZet0 1951408 ppmrprdessioe 0@ prm ar lesn, Int dileer sathodients at

, t ure Ji.s. preferably. higher than the
8 30 Bpro T ARSo i ls e, B e prlimnatiart<dh oF 1dalimn or more, or
Mi9epat orafioret he tenperatures of the two reactors are

i ndependent. The pressure can vary from about 1mm Hg
to 2500 bar (25,000 MPa), preferably fromO0.1 bar to
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400 ppmor |ess or O ppmor less.
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configurations. The liquid processes conpri
~lkesciirhas kxens, penignanepsntang, nd beiamh areprefesed.i bed
catal yst systemin a suitable diluent or solvent and
all owi ng said nononers to react for a sufficient tine

omsrocice e oo BTV i aFEM 6L T8
fugepatedhyiseatizons p Ehtoaimeted hpdpembanere defthed s B Eompdifds
cBﬁs?Jtﬁ[g re(s:"scciah’tially of at least one carbon atom and at least one fluorine atom,
and optionally at least one hydrogen atom. A perfluorinated carbon is a compound
consisting essentially of carbon atom and fluorine atom, and includes for example
linear branched or cyclic, C; to Cyq perfluoroalkanes, preferably Ci; to Cag
perfluoroalkanes. In one embodiment, the fluorinated hydrocarbons are
represented by the formula:

CH,F,
wherein X is an integer from 1 to 40, preferably from 1 to 30, more preferably
from 1 to 20, even more preferably from 1 to 10, and still even more preferably
from 1 to 6, alternatively x is an integer 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.



[0066] In an alternate enbodi nent, the diluent or
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1,811 405 0P R ANS ot 17 Pl 3 405 0PN RRANGS o de 7 1,1,2,2,3,3-
heptafluoropropane; 1,1,1,2,3,3,3-heptafluoropropane; 1-fluorobutane; 2-
fluorobutane; 1,1-difluorobutane; 1,2-difluorobutane; 1,3-difluorobutane; 1,4-
difluorobutane; 2,2-difluorobutane; 2,3-difluorobutane; 1,1,1-trifluorobutane;
1,1,2-trifluorobutane; 1,1,3-trifluorobutane; 1,1,4-trifluorobutane; 1,2,2-
trifluorobutane; 1,2,3-trifluorobutane; 1,3,3-trifluorobutane; 2,2,3-trifluorobutane;
1,1,1,2-tetrafluorobutane; 1,1,1,3-tetrafluorobutane; 1,1,1,4-tetrafluorobutane;
1,1,2,2-tetrafluorobutane; 1,1,2,3-tetrafluorobutane; 1,1,2,4-tetrafluorobutane;
1,1,3,3-tetrafluorobutane; 1,1,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutane;
1,2,2,3-tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,3,3-tetrafluorobutane;
1,2,3,4-tetrafluorobutane; 2,2,3,3-tetrafluorobutane; 1,1,1,2,2-pentafluorobutane;
1,1,1,2,3-pentafluorobutane; 1,1,1,2,4-pentafluorobutane; 1,1,1,3,3-
pentafluorobutane; 1,1,1,3,4-pentafluorobutane; 1,1,1,4,4-pentafluorobutane;

1,1,2,2,3-pentafluorobutane; 1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-
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tet}atiluo}oc%crobbﬂtane, 1,1,2,2,3-pentafluorocyclobutane; 1,1,2,3,3- '

pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3,4-
hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; 1,1,2,2,3,3,4-
heptafluorocyclobutane. Particularly preferred fluorinated hydrocarbons include
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1- trifluoroethane,
fluoromethane, and 1,1,1,2-tetrafluoroethane. In addition to those fluorinated
hydrocarbons described herein, those fluorinated hydrocarbons described in

Raymond Will, et. al., CEH Marketing Report, Fluorocarbons, Pages 1- 133, by
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1,1, 2,2, 3- pentafluorocyclobutane 1,1, 2,3, 3-
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[00A hexaf | Therisbyresre bradaeed: bythe propess of the invention are useful
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fluorinated hydrocarbons include difl uoronethane,
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po'i};eltl{}héﬁ%g,%%tl%?gpeylene and polypropylene copolymers.

[0072] The polymers produced, typically ethylene based polymers,
generally have a density in the range of from 0.86g/cc to 0.97 g/cc, preferably in
the range of from 0.88 g/cc to 0.965 g/cc, more preferably in the range of from
0.900 g/cc to 0.96 g/cc, even more preferably in the range of from 0.905 g/cc to
0.95 g/cc, yet even more preferably in the range from 0.910 g/cc to 0.940 g/cc, and
most preferably greater than 0.915 g/cc.



fluoromet hane, and 1,1,1,2-tetrafl uoroethane. In
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netieyl wikaging, istulatal Uedry, émbads! o8 00BsYdRRE and RO 1]
The pol yners produced by the process of the invention

fogdcoptask appliraiiongk Fibgrsdnetndpemels spinning ofolysiondpiningand

' ) applications. The pol r
N S
diaperefabridspivediesisiatniens) geefeiyles RES . E:@HAsd 9ARIES include

| astoners, .  high density pol yethyl enes, | ow density

m%éicﬁﬂétlhlyge‘ﬁ"é% aneAblgvasiese seonaavebrpiadsy prdopyiddiners. Molded
A . 7 i d typi cal l

SR AT Oy el RS ROl R s

lar gechollongeticlts, gt T0dd 86@hi@erstadd @y@7etg/ cC, preferably in

the range of fromO0.88 g/cc to 0.965 g/cc, nore
preferably in the range of from0.900 g/cc to 0.96

E pLE¢en nore preferably in the range of from 0.905
.95 g/cc, yet even nore preferably in the
range from0.910 g/cc to 0.940 g/cc, and nost

er abl an 0.915 g/ cc. [0073] Pol.ymer
R Cced BybRatalntdiing; MimoBpiGat i BtEand i n
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)nN(CgHs),
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. Cr(N(CeHs),)s



such form ng operations as film sheet, and fiber
extrusi on and co-extrusion as well as bl ow nol di ng,

WO 2020615060 nol di ng and rotary nol ding. Filns i PCT/US®06/042215
bl own or cast filns fornmed 25y coextrusion or by
| am nation, shrink film cling film stretch film
sealing filnms, oriented filnms. The filns are useful in
snack packagi ng, heavy duty bags, grocery sacks, baked

and  flO®3erarh OOfK ETRANIOH;), %4b dEsvolvea &8 9 thllydrofuran (120
i ndustrial |liners, nmenbranes, etc. in food-contact and

non 8k ‘dssphition s icpelad iods C.Fi B gsansnef chdenived t
SPI NRY: Gflori BRY4iAd80 &Pthgyéag rg{]e%ﬁegﬁkf&g{%ﬁ%gfs benghsake

operations for use I n WV

filt allswedloasie bvéralpht SiSoomRsthsahtua TR YbRrent was removed
geotextiles, etc. Extruded articles include nedi cal

t ubi HgderpswIy NAPRIRKinately 460 mis of Gewokanzeraess addadito the

d ld . ticl i ncl ud i.ngl d :
¢ o0 YR B0 bl e T Mk s Pl Spd e
t ankalmdsablgek fintatoOwaddriddaldss vdcuhdidigiag 752Rhabfhck
and toys, etc. EXAMPLES [0074] Tol uene,

t et r SA@IsorAusTBEE Crystr MotsediBnetiontitudycyy/(GedrRaricn, Repd.

pot aggi Lide. wer. rchas from ric em cal
Corpeue A X6 i P YRR o i eihafneber Grofispected
St r emith@rad ofIEnEME d8kEnHbd TEX o881 Nek-Nrgw .

G ace Davison. Synthesis of Supé?raztsed Cagt)nal yst{Z?. 1856
K( THONN-BBT 1.853(R)angiteoms, sfe kgphdny| ami ne was

di ssolved into 300 m s of tetrahydrofuran. The

sol utj on oled to -35C. 7.14 granms of potassium
3hydr|ggpep°\ﬁ\§§%§gag3@a?vi a spatula in snmall portions over a

R Rt e S L AT

dri eslurrieddnto246 mismobtoduanie g4 grams of Cr(N(CsHs),)s 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 sdme

reactant.
|

4. Comparative Supported Catalyst 2
2.00 grams of Grace-Davison 948 silica (calcined previously at 600°C)
was slurried into 250 mls of toluene. 0.69 grams of Cr(N(SiMes),)3
(Cr(N(SiMes)2); way synthesized as described in J. Chem. Soc. (A), 1433
(1971.) was added to the slurry and the reaction was allowed to sit several
hours. The slurry was filtered, rinsed with several 50 ml portions of

toluene, and dried under vacuum yielding a free flowing green powder.



2. O (N(C 6H5)2)310.03 granms of K(THF)nN(C 6H5) 2 was
di ssolved into tetrahydrofuran (120 ms). The sol ution
woer®7neslied to -35C. 1.91 grans of chrom um t rPChiUs00E@12215
was added to the reaction wssel. The resulting slurry
was allowed to stir overnight at roomtenperature. The
sol vent was renoved under vacuum Approximately 150
m s of fluorobenzene was added to the solids and
8t i rr®uppboed Gtkalystdit es. The slurry was filtered and
t he Sfﬁk al st black filtrate was dried under vacuum
yi el drBgramspf shppastedisptabist tmps slaiied itto0mgls of tolyateatith
X- 1 ayg g ' y% Par ki n, {.
e ot &robR R PSRl The Ship e e Bisicgs o
pl anaem@eretul) owpeighte it WikicloteNREN\Pad ARGL i
determined Cr-N(1) = 1.863(1), Cr-N(2) = 1d.58§’%s§d(wéﬁh,
Cr - N(gyeral Y0 mbportions efifghienemsd drisdemBergacenn yielding a free
Suppoyj 0 _grans of Grace-Davison 948
sili caé‘%g%g%%ﬁ%‘%%?%\%ﬁo%% "at 600C) was slurried into
250 ms of toluene. 6.4 granms of Cr(N(C 6H5)2)3 was
Pulg@erizions ¢sfl S iph ol €16 ction is was heated to
1000C overni ghtgfg&q er Iettll}ﬁgsat he reaction cool to
roomtenperature, the slurry was filtered, rinsed wth

) 0 or.ti.ons of toluene, and dried under
e?{n?éntz?l- ELIZAONS: £ | owj ng bl ack powder, 34 grans.

The toluene filtrate was evaporated to dryness
el di ng .&%ﬁar{s of solids containing diphenyl
[ e and Olougiag shery phaspprmants peesSup porpattd in

f. e- Davi son_.948 siljca.
oAb PSS g il BB A cRRVGRi Facses o b U e
lmisseqialstto39486EkPHarid1 g sguadyf 109 08GPLMe 3) )3
(Cr(N(SI Me3)2)3 way synt hesi zed as described in J.

F%:QCF M goo-%ongrﬁ%r' 1433

[0076] 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

[0077] Tri-n-octyl aluminum (TNOAL) was obtained from Akzo

Chemicals, Inc. and used without further purification.

[0078] Polymerization grade hexane was used and fufchér 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



(1971 .) was added to the slurry and the reaction was
allowed to sit several hours. The slurry was filtered,

WO pnwgmeeism t h several 50 ml portions of t_oI uenePCHO/006/042215
dri ed under vacuumyieldin®77a free fl ow ng green
powder.5. Supported Catalyst 3 2.0 grams of supported
catalyst 1 was slurried into 20 nils of toluene wth
0. 48 grans of perfluorophenol. The slurry was all owed

puscleised fiomrAldricht €hqmical OsRpaMes 2560 ccad‘oi nﬁ&s@“&rﬁe

5r s.filtered rinsed wwth several 10 ortions
%f L‘Jit OZ%/ ngm%él%’ﬁﬂpwph@sad fieeeAldrish (ihemjiab Cdinpanya fr ee
fl ow ng green powder (2.2 grams). Polynerizations

RiSA st IRRAR lgﬁqngﬁ fisy EXperinental -

POl yner | zat 1 ons. the follow ng slurry phase
experinments pressure is reported in atnospheres and

(881 ds perPodgumizetiomolere ChrtueRaMS 68 iRt HB6IHAER
! its afe Si equal S 6.894757 kPa and 1 atm(g]g)ual S

R ioc R e e doyithhenenalioarsfor mrllgﬁmtnremntroh
HsBGhReR aﬂﬂeﬁﬂﬁv e UFRAAPd HU III’LIE,F S Wr; f%%d é;ﬁlated

passing It through a series 0f Co
sapyly lo€ nitroggn, ihpdkegerf/ nianptradnit tea] addQalk 1ared andAyuifdl hawed
co urm packed with drie 3A ol e sieves
‘%%’P Eﬂ’?i%]g%ﬁ]% Rl siamerekd RBM) & hp alrtycla‘ma crveae ﬁl@ﬁ%filed
) ves r
SO SIS 1106 50 A BT BT o

hppsm Al f a- Aesar and further purified by f||tration
through basi c alum na (Al drich Chem cal Conpany,

into a vessel cont ai ni ng acti vat ed
@fl@ﬁol ecu =18 A zagiou7Themepctor wast yrepared as

dadckiBbd BBve, IMhan Mﬁéecﬁ?ftﬁ‘ 'efﬂ?gng "9 {K5&8rs were heated to 40°C

and ethylene was first charged to the reactor.

[0081] A 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, diluent, co-monomer,

scavenger/co-catalyst) in the reactor.

[0082] Supported catalysts were stirred in toluene at ambient temperature
and pressure and added to the reactors (at process temperature and pressure) via

syringe as a slurry to initiate polymerization.

[0083] 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.



Chem cals, Inc. and used wi thout further purification.
[0078] Polynerization grade hexane was used and

wo eoovhers7ouri fied by passing it through a seriBSI/U82006/042215
colums: 500 cc Oxycl ear cy28i nder from Labcl ear _
(Cakl and, CA) followed by a 500 cc colum packed with
dried 3A nol e sievespurchased from Al drich Chem cal
Conpany, and a 500 cc col utm packed with dried 5A nole

[0084]es purkthglsmdhwiy Alowdldds batbr @Rk ik uQQHP&%uter
React o cription and Preparatlon [ 0079]
Trﬁ}lﬁ!%{ ﬁoﬁlﬂ%‘f?é"%ﬂ]é aplonlavies ‘@mngrpoamaﬂmettlc:]n mtmmmtahe r eI
ves W an externa
fﬁ%&‘%feg?{‘%"?% AN Q7 FHHE° AP EnsPREE wih inpfigred and
tYplcetlblrInahta\m’eH withiod/-11e@c P@Iymen%gtlo"ﬁs Rele hatfel 'bg TdiBbebE

ul ated supply_ of nitrogen, hydrogen/nitroge
‘%ﬂ‘ﬂ?aéelwﬁa %élerﬁ%e%rn@ melq @ﬂlgappmuwtbhha:hmmﬁb o

. The a cl aves
B PREN A0 Etna® b RSl Ao i g 4Bt 41 0 o
ptdfsErhited Tumalitise andurtEBthgiend Bbd h&n aﬁd S Br a Exgrg X

yl.ene/ 1 -hexene Copol yneri zation : e reac
E?EBHW€85H§Y@@@@WPB€§Wa eﬁmandwbhemohdmgédemmdhThe

heated to 40C and et hyl ene
ey S8 sl B S BlBleanTon Soogatys oS sreTehinor
Vieuoe Xaalkls aspdrisd meRIdg estal wEiShiCEHRIAR: 24 résﬁﬁ%catalyst

erature and pressure was next added t
Xiégg?ﬁ istegiin TaRleilnge.  The reactors were then brought

to process tenperature (85"C) while ﬁt:rring ia.t 400
03 52 ss tenperature, ethylene delivery

Pgreggur SerPAR6R rization was set to the pressure

generated by the conponents (ethylene, diluent,

C venger/co cat alyst) in the reactor
------ plon Shrompatgomaphyi-r Aldidnger 006 DMRIM@nlgt

! added to. the
"P@JBﬁJ?Q@%?%@Q@e@F ér%?ﬁﬁﬁ?@e?fﬁﬁ 0 grlasupsadionyi o

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 1.0 ml/min. Three
(Polymer Laboratories) PLgel Mixed-B columns were used. This technique is
discussed in "Macromolecules, Vol. 34, No. 19, pp. 6812-6820" which is

incorporated herein by reference.

'[0086] 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



syringe as a slurry to initiate polynerization. [0083]

In the nature that solutions are added via syringe, a
wheoanes7eol uti on was al so injected via the saP@I/US2006/042215

syringe following their add®tion to insure that

m nimal solution was remaining in the syringe. This

procedure was applied after the addition of the

1- hexene/ activator solution as well as the catal yst

sxjumsraﬂqnt EE08e] TEastleaierniaBsonsistea¥ R dhd fow pite (Naé Eél#é?:ﬁé@ﬂ‘or
ﬁause of conputer controlled sol enoi d val ves

librgidunin givg 2 sominen pezkpesiion for theifluvarate mevket @aken
t%gaﬁlgtﬁeo s?‘?ﬁeuig_]%{:% ak) I%fgre ?eﬂ‘{ng]:ie aci’lg%\? fti:rﬁ}r{)‘%ev_rp utrgegl r\évz?csh
frdysyyretie staidaed) STNEl @Y hﬁﬂ&eﬁ grék&bcﬁﬂg)htth&yhsgi@led was also used

approxi mately 400 psi (5 nol e% O2) "gas m xtur

tp Gorrpe the Hlowiraie aden gna msm sauipies; eheyefaa stem:mmsentﬂihmt of
hed det d
B A b e A Pt R R T i B, et Novungivas

genstated ByatcASn gt RBIOPV I IRE| 'a?@i% Ek nl tF@ DRTlgf:%gal for each
reactors were cool ed and vented he poly

ESgpndagd apd tﬁ@m&tht? dﬁ@rﬁﬁt ﬁ@la@ndr@;delt padynonaini dodystigenver e

dsr dlnlud total wei ht

SE poi Svﬁt!g?gl% ﬁ%ﬁ ruesér} g?Ot%c a:reY agles wepe nabied |
uiﬁigl WaleM&eiky, Toe. IGDR 6 bed W@btee R %%ﬁﬁ% @ ed

Per meat i on Chronmat oRraphy - Alliance Only
Oﬁb@f@?s?nmsganﬁet hod used a Waters Al liance 2000 gel

per neati on chronmat ograph equi pped with a Waters
differential refractoneter that neasures the

Thblé Br Polydphtiee Makhe refractive i ndex of the sol vent

m_

and—that of the solvent containing the fractionated

pdiaaist.  feepdyinlenMnas| udbd dt 1M& C [ 2V4Mw | Yield
Tehehical openzene [(TCB) fas the |nobile phase that Was |grams PR
stabilized with -250 ppm of butyl at ed jhydr oxy tol uene
(BHT) . The flow rlate usled was (1.0 ni/nin. Thrlee
Qapdysydrer | 86%F/d6 gr B8$) |PL79ed 54Nl &7, $0djologrsss [Weres | 1153
Osgs Thijs technijque 1Is 4 1155
: _ 1173
Comparative | 85°C/45 : .0298
Catalyst 2
0.3 mgs .0286
‘ .0297
Catalyst 3 85°C/45 | 7,505 | 779,321 | 3,001,818 | 103.83 3.85 1179
0.3mgs 1122
1125

1.5 mgs of tri-n-octylaluminum in 22.5 ml reactor |

[0087] As can be noted from Table 1, ligand selection can have a

significant effect on catalyst activity.



di scussed in "Macronol eci des, Vol. 34, No. 19, pp.
6812-6820" which is incorporated herein by reference.

WO 0B30$15The separation efficiency of the col unPCHES2006642215
calibrated using a series d® narrow nol ecul ar wei ght
di stribution polystyrene standards, which reflects the
expected nol ecul ar wei ght range for sanples and the
exclusion limts of the colum set. At |east 10
10088]vi dual Ap@oyeh¥titeaciSbaAadifl fre h&tPbratkdf b?rqgﬁeMﬂce 580
to .10, 00Q, 000, were used to generate the calibration
Rateiplnclpding oy peipyalocumeninand/ orsestingerotstlaies euth eatent

I er,st. [. an i val.ent
8 10501 bR BAG LR il MU AR s afatoa BB o osng omers!
desariptivnragd teelspebific @ AbO digRntsPWANS fSrHR of %eﬁhv&tl%n cl"lg‘g@‘@é%n
ﬁeak p03|t|on for the flow rate marker (taken e

Cﬂhﬂdewopémbﬂlﬂgeﬁw@anl bt eradt mithgut cha@artmg

I r each. olys e.standard. The
e am S0 it P GRioRs 5 Rnisndes figidae
1h06m10hrbeQim1td’c’l&hérl3WV Lﬁ(%%ls‘éhﬁg te'ilﬂla‘ckﬂ Hgmgaﬁr%ﬁ%dered
t her ef or e, is an essent] al part of the calibration

SHRYEEANE &V Iﬂ%thé Hrppineluding” dor mup¢des gfhustsalian ddvent i on
vol une) was generated by recording the retention
volunme at the peak in the DRI signal for each PS
standard, and fitting this data set to a 2 nd -order
pol ynom al . Pol ystyrene standards were graphed using
Vi scotec 3.0 software. Sanples were anal yzed using
WaveMetrics, Inc. 1GOR Pro and Viscotec 3.0 software
usi ng updated calibration constants. 1.5 ngs of
tri-n-octylalumnumin 22.5 m reactor [0087] As can
be noted from Table 1, ligand selection can have a
significant effect on catal yst activity.[0088]
AUdocunent s descri bed herein are incorporated by
reference herein, including any priority docunents
and/or testing procedures to the extent they are not
i nconsistent with this text. As is apparent fromthe
foregoi ng general description and the specific
enbodi nents, while forns of the invention have been




illustrated and described, various nodifications can
be made wi thout departing fromthe spirit and scope of
wo b@7ioensent i on. Accordingly, it is not intendeRCT/081006/042215
the invention be limted tHdreby. Likew se, the term
"conprising"” is considered synonynous with the term
“includi ng" for purposes of Australian |aw CLAIMS: 1.
A cat al yst conpound represented by the fornula: where
CrAIMSs a support material, where Ois oxygen and Z is
Si, Ti, Al, Sn, Fe, G, Zr, B, Mg or C; each X is,
i ndependently, nitrogen, oxygen, phosphorus, or
sul f 207 2 each Ris,
llnde%enﬁgggp§@xg§dgﬁﬁgﬁﬁggggp,:%ngékstituted al ky
group, an aryl group, or a substituted aryl group,

provi ded at | east one R group is a

substituted aryl group. 2. The})(rcgé n of claim1,
wher e alunoxiae IS ng pres The conposltlon of
claiml or 2 erern 4. The conposition

of claiml1, 2 or 3 wher e| n each )z dependent |y,
an aryl group or a substituted aryl ga)ﬂ'p 5. The
conposition of claim4 wherein each Ris,
i ndependently, a phenyl group or a substituted phenyl
wB&RuUpP. 6. The conposition of claim1, 2 or 3 wherein
each Ris, independently, methyl, ethyl, propyl,
ZHuisy auppsnb bnateyial, whereyO js oxggheand Z io8i, Ti, Alcyic Feh@xydr, B,
N@ﬁﬁzﬁ phenyl, substituted phenyl, naphthyl,
rtuted naphthyl biphenyl substi t ut edbi phenyl ,
edeh t tolyl,
ChBCBTUEI B s UL S BRI St
edok mzasyphdapendentlpyl @ 271 xt ur e ther eof . 7. The conposition

bove cl ai n8 wherein each Ris,
eac{'t R 1sy1n86pengent€z, an alkyl group, a substituted al%yl group, an aryl group,

or a substituted aryl group, provided at least one R group is an aryl or substituted

aryl group.

2. The composition of claim 1, where alumoxane is not present.

3. The composition of claim 1 or 2 wherein each X is N.

4. The composition of claim 1, 2 or 3 wherein each R is, independently, an

aryl group or a substituted aryl group.

5. The composition of claim 4 wherein each R is, independently, a phenyl

group or a substituted phenyl group.

6. The composition of claim 1, 2 or 3 wherein each R is, independently,
methyl, ethyl, propyl, butyl, isobutyl, hexyl, isohexyl, octyl, cyclohexyl, dodecyl,
phenyl, substituted phenyl, naphthyl, substituted naphthyl, biphenyl, substituted



i ndependent |y, phenyl, substituted phenyl, naphthyl,
substi tuted napht hyl, biphenyl, substituted bi phenyl,
walephesnsiet her, substituted di phenyl et her, t ol PCT/US2006/042215
substituted tolyl, benzophe¥one or substituted
benzophenone. 8. The conposition of any of the above
cl ains wherein each Ris, independently, phenyl,
substituted phenyl, naphthyl, or substituted naphthyl.
Biphdilyg, diglieaglsitiet, Qﬁbsﬂﬁfmt&ﬂ&lpﬁén}ﬂé%ﬁerafé@{ SubbtitiieB tyfer ei n
each Ris, independently, phéenyl or ‘substituted
bavaaphenongsubatitgted bepznphagoneeen cminiwicdharepfan al uni num
al kyl and the catal yst conposition of any of clains 1
to 10. 11. The catal yst systemof claim 10 wherein the
2l umi ThseathgodltionDf bAPSEHE as@u% s %efe@ﬁ eaéhq{ i’él( R) 3,
where each R' is, independently, a kyl
’@ﬁ@ﬁ?ﬁde@b’; Phawgl, éﬂhsﬁwgf hepst, aaleﬁyles’.Uétst:tutbd nmpi&hyi; n

|
G5 Tonhdrmur S RERRD Dlnhyietien byt deyrmalin i,
fubxtythtedas Vbenz!@@ﬁéﬂone desstitudadRaydphedecyl . and all

i soners thereof. 13. The catal yst system of claim11l
wherein each R' is, |ndependently, selected fromthe

Lo:t SotS{tlnﬁ] ?f : rflr]tgefl lg?:hjaﬁrlrnnﬁw Clein each R is,
lhﬂ@eﬁ@@ﬂIy}’blﬁnWsﬁB*ﬁmtéd plicfiyl] ﬁ%ﬁﬂtﬁ&ltﬁf‘sﬁwﬁut@&‘ﬂ?phgfyé.i .

tri-noctylal uminum 14. The catal’yst systemo
10, 11, 12 or 13 wherein the alum num al kyl is present

t a r Al . of 1:10,000 to 1.15. A
%r oceisﬂs)é mpog‘no?r@??‘l‘ye %8?%’?§la&’5‘ﬁﬁ’?’1e@%§achact i ng
1ﬁﬂ¢’p@ﬁ&érﬁly\/\pﬁdﬁyl&%uBéiit@le&’ﬁhexﬁlYSt em of any of clains 10,
11, 12, 13 or 14. 16. The process of claim15 wherein

the nononer s are sel ected fromthe group consisting of

hyI Iene but ene- 1,

£ e R e B S R difar lurtig BRGS0 S thecaabyst,
cSnipebitivh op &Mt GfMt@rils 1181 0Or nene, nor bor nadi ene, vi nyl
nor bor nene, ethylidene norbornene, and

3,5, 5-trinet hyl - hexene-1 .

11. The catalyst system of claim 10 wherein the aluminum alkyl is represented

by the formula A1(R"); , where each R" is, independently, a C1 to C30 alkyl group.

12. The catalyst system of claim 11 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.

13. The catalyst system of claim 11 wherein each R" is, independently,
selected from the group consisting of trimethylaluminum, triethylaluminum, tri-n-
butylaluminum, triisobutylaluminum, tri-n-hexylaluminum, and tri-n-

octylaluminum.

14. The catalyst system of claim 10, 11, 12 or 13 wherein the aluminum alkyl

is present at a molar ratio of Al:Cr of 1:10,000 to 10:1.



17. The process of claim15 where the nononers
conprise ethylene. 18. The process of claim 15 where
W0 b@7oersodrer s conpri se propyl ene. 19. The pr ocPSEUS{006/042215
claim17 wherein the nononms3s further conprise at
| east one conobnoner selected fromthe group consisting
of propyl ene, butene-1, 4-
net hyl - pent ene- 1, 3- et hyl - pent ene-1, hexene-1 and
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pentene 1 and 3,5,5-trinethyl -hexene-1. 21. The
I ocess of claim15, 16, 17, 18, 19 or 20 wherein the
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conposition. 24. The process of any of clains 15 to 23

wherein the process is a slurry process.
20.  The process of claim 18 wherein the monomers further comprise at least

- one comonomer selected from the group consisting of ethylene, butene, pentene,
hexene, heptene, octene, nonene, decene, dodecene, 4-methyl-pentene-1, 3-methyl

pentene-1, and 3,5,5-trimethyl-hexene-1.

21. The process of claim 15, 16, 17, 18, 19 or 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,



25. The process of any of clains 15 to 23 wherein the
process is a gas phase process. 26. The process of any
w@boocheisne 15 to 23 wherein the process is a bRCRUpINAG®12215
process. 27. The process of34any of clainms 15 to 23

wher ei n al unoxane is present at 10 ppm or |ess.

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 15 to 23 wherein the process is a slurry

process.

25.  The process of any of claims 15 to 23 wherein the process is a gas phase

process.

26.  The process of any of claims 15 to 23 wherein the process is a bulk phase

process.

27.  The process of any of claims 15 to 23 wherein alumoxane is present at 10

ppm or less.



