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OLEFI N POLYMERI ZATI ON CATALYSTS, THEI R SYNTHESI S AND
USE | NVENTORS: Donna J . Crowt her and Cel estino M
w@eeep43eELD OF THE | NVENTI ON [ 0001] Thi s i nveP€T/082008/071940

relates to olefin polynerization catalysts, their

synthesi s and use. BACKGROUND OF THE | NVENTI ON [ 0002]

A large variety of processes and catal ysts exi st for

t he honopol yneri zati on or neri zation of ol ef

S LRV Y VGBI £ STION €A ALY TR BIEE HOSWNEH SIS AKD USE

pol yol ef m product to have a | ow wei ght aver age

I I h I nbi ned
IN RaSV.I ati veqnngl e?foovgf\}hgn ng%PF 19? g}g 1;er%rgl elczlear

wei ght dlstrlbutlon, since such polyners can be
FIRL 9 oadTE INVEN'EfON©D! ecul ar wei ght LLDPE cont ai ni ng

hexane _or ot her conononers to produce blends with '
[0@hancBus iimysation selnende tolcfin ghlyonvizatiomertalystst Hewds synthesis and
us crack resistance and good processing characteristics.

TOOOB] Traditional Ziegler-Natta catal ysts systens
BAORGROUND IORTHE INVERTBEONConpound co-cat al yzed by

an_al um num al ,ke&le but typically Produce fpoI yol ef ms of
IOQIIZI;h lagg aFiclieplyAtocessen andichiplywist ¢xis fpefhst herapgplymerization or
col?c{lg orﬁ}%;flaﬁrﬁné\': ﬁgp%oan?éa lchfSI'('iﬂss?{eI rITSB [i%s@t\%él]ebfyp{h% polyolefin product
to tieweeh dxp&dx/aigtﬁr@bfagb hﬁolécnﬂnswélghm(lmtthdm 60,000 ghdolhasmbined with a

one_or nore cycl o adi enyl , |..or fluorenyl
relphiyedy PRTERIh gud ?%I ekl oleGyr ngﬁfaq? Mebifien. égkcswﬁl polymers can be
bleRYSd §TB: hivhEmBRENALRLIWLT IO MBI foxaBUBP oBRr comonomers to

al unoxane, are effective to polynmerize nononmers to
prgsloky d)lemﬂsmwﬂ)avnhagcqi whphet stacrgth, dfiglaveviagenentdlestigbsacrack resistance

s and a, narrow. nol ecul ar wei ght distribution.
an‘IY\—EQI‘gC%rPceslslﬂgc %{P‘&Sﬁl%ﬁél ght average nol ecul ar wei ghts

[0003] YaBraBiidss EE%I@QNH&& BRtalp Sk ¥PREMF 8drhPilsclSirt@ition metal compound
nmetal | ocene catalyst are generally in the range of

cogatabeed thy apelwaoug/ phsyl dbivbhwisedly, pragucs] pojelaens of high molecular

weight, generally with a relatively broad molecular weight distribution.

[0004] More recently metallocene catalyst systems have been developed wherein the
transition metal compound has one or more cyclopentadienyl, indenyl or fluorenyl ring
ligands (typically two). Metallocene catalyst systems, when activated with cocatalysts, such
as alumoxane, are effective to polymerize monomers to polyolefins having a wide range of
average molecular weights and a narrow molecular weight distribution. However, the target
weight average molecular weights for gas phase or solution polymerization using metallocene
catalyst are generally in the range of 80,000 to 120,000 g/mol. Moreover, metallocene
catalysts frequently suffer from a number of disadvantages, for example, high sensitivity to
impurities when used with commercially available monomers, diluents and process gas
streams, the need to use large quantities of expensive alumoxanes to achieve high activity,
and difficulties in putting the catalyst on to a suitable support.

[0005] There is therefore significant interest in developing new catalyst systems for the
homopolymerization or copolymerization of olefins.

[0006] In 1998 two separate groups working independently reported that
bis(imino)pyridyl iron complexes of the type {2,6-[ArN=C(Me)],CsH;N}FeCl, can be
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catal ysts frequently suffer froma nunber of
di sadvant ages, for exanple, high sensitivity to

WO panitsees when used with commercial |y avai | abCEUS2008/071940
nononers, diluents and process gas streans, the need
to use large quantities of expensive al unobxanes to
achieve high activity, and difficulties in putting the
catalyst on to a suitable support. [0005] There is

actvatadePithemsthylilymesne (Mie) é@tprpﬁu@eb@hbpaﬁgenwlysts for ethylene

S t e, ho r
ro i, SSSLATE. Syt BehOmoRpL YR 330100 o). 4049 and G.1p
Brsepak af ., g%@mpébmnmkjmg9&m@ependentIy reported that

bls(|n1no id i o onpl.exes of the t

[0‘{021 6- [B&ﬁm):?@{e i\f/v é@%ﬁ?p@ﬁﬁws SR b AT VR g Robymerization or

rlﬂé!rllz%wﬁ%ﬁrtﬁef(d!‘ Wich Qoﬁﬁﬂqﬂﬁ@ dal &Jﬂka)fmﬁ%ﬁtﬂaﬂﬁtlon metal compounds

ca alysts for ethylene polynerlzatlon Smal

comprigihg the. skéletal GmedepiSed in th2 Gol{dv@8g formddt9 and G J. P.
Britovsek et al., Chem nmun. (1998), 849. [0007]
U S. Patent No. 6,451,9 di scl os catal yst systens
for the polynerization or\copol yrerizati on of
1-ol efins which g@ptain ni containing transition
nmet al conpounds rising/the el etal unit depicted
in the follow ng foxnmul a: /wherein\Mis Fe[ll] Fe[lll],
Co[l], Co[ll], Co[l [1], M[NI], M[III],
MI[1V], Ru[ll], Rujill] o\ Ru[lV]; is an atom or
group coval em? i oni calN-y—bender M[TRE/byXénsi tion
metal M T is the i dat i state the transition
netal Mand b is th cy of t atom or group X;
and Rl to R7 are independgntly sefected from hydrogen,
hal ogen, hydrocarﬁy subs\i t ut hydr ocar byl ,
het er ohydr ocar byl ™or subst heterohydrocarbyl
The transition netal conpdund of is formula can be
unsupported or supportedRdn a supPort material, for

AR, g AL B eV B BL Y.

RufiT] Re! B[, 10 SE Y¥h eiéhh - or[%&%boddk A doffkall{bendddatoliht transition
pllcatlon Publ i cati on 2003/ 0104929 (equi val ent

metad M Grthe ssglef)lord $tsf@|0¢£ éle@r@smomrm@élrﬂ\/l@@dtbas mﬂgalency of the atom or

grqt;_,{g[a si tag‘[{m {{] areOoI*[ i)eenx ‘? s?l%ctg[ mnil] W%rﬂ%i Halogen hydrocarbyl,
sulM?iEdtéd hydybEdrbyl] hetMidhl Mocarbyl &d Jubstituted heterohydrocarbyl. The transition

metal compound of this formula can be unsupported or supported on a support material, for

example, silica, alumina, or zirconia, or on a polymer or prepolymer, for example
polyethylene, polystyrene, or poly(aminostyrene).
[0008] In addition, U.S. Patent Application Publication No. 2003/0104929 (equivalent to

WO 01/23396) discloses a nitrogen containing transition metal complex having formula:
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Ru[1l1l] or Ru[IV]; X represents an atom or group

bonded to the transition netal M T is the oxidation
wae@ve4wts the transition netal Mand b is the REI/E8Y8/071940

of the atomor group X; Rl, R2, R3, R4, R5, R19 , R20,

R2 1, R22, R23, R24, R25, R26, R27 and R28 are

i ndependently sel ected from hydrogen, hal ogen,

hydr ocar byl , substituted hydrocarbyl,

het er ohydr ocar byl or substitut B4 het er olRAdr ocar byl ;

het er ohydr ocar byl or substituted/het er dhydrocar byl ,
two or nore can be |inked y® ' gecyclic
substituents, and at |east one O R5is a
hydr ocar byl group havi nR*at | east\two/£arbon at ons.
The transition netal co Rr mul a can be
unsupported or sugﬁorted nterial, for
exanpl e, silica, um na, ta, or on a
pol ymer or prepoly exanpl¥e pol yet hyl ene,
pol ypr opyl ene, poly , or poly(am nostyrene), and
can be used in an ol ymerizaion catal yst
system [0009R> i MMEY]-(T/beXsi ti on
nmet al conpl exes ha e highly active
et hyl ene pol yneri zat at al ysts/when activated with
MAO or even soneal ym cg-catal ysts, they
produce pol yethyl gae with d mol ecyjar weight
di stribution when run as honogeneous gunsupport ed)
system Moreover, nost enptsggo enpyoy supported
bi s(i m no)pyridyl transition netg
resulted in further broadening 9 lymer ..
nmol ecul ar wei ght di stri butRom: fherBfore a
need to devel op catal ysts systens
supported bis(imno)pyridyl trans nmet al conpl exes
and which are effective in produfing po\yolefns with a
narrower nol ecul ar wei ght di str¥kuti on. §8010] In
Journal of Catalysis, 234 (2005), 101-1 10, Zheng et
‘ h S . S (rran i
i A SR T AU RS U U G
Ru@lil] $ir RuflV ]e Xdregresergs an atonows gtolp bond@hntdsthe crafretion metal M; T is the

oxfd%nblstlatlezo?(%heo ranssgtgolncrf;{etgdealmrdebC}slt en Vglgl?c%lt olfQ[ﬂe gtfon} Qregroup X; R, R,

R, RY R?, RY, R, R?!, R*, RZ, R*™, R, R*®, R and R*® are independently selected from

hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or substituted
heterohydrocarbyl; provided that when any two or more of R', R?, R?, R*, and R’ are
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl,
two or more can be linked to form one or more cyclic substituents, and at least one of R* and
R’ is a hydrocarbyl group having at least two carbon atoms. The transition metal complex of
this formula can be unsupported or supported on a support material, for example, silica,
alumina, MgCl, or zirconia, or on a polymer or prepolymer, for example polyethylene,
polypropylene, polystyrene, or poly(aminostyrene), and can be used in an olefin
polymerization catalyst system.

[0009] Although bis(imino)pyridyl transition metal complexes have been shown to be

highly active ethylene polymerization catalysts when activated with MAO or even some
-3-
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et hoxysilane or Si-C groups with silanol groups on
the silica surface. Conplexation of the supported
WO r@anegs2si th Fed 2-4H20 is said to produce PCT/US2008/071940
silica-supported Fe(ll) precatal ysts, which exhibit
hi gh activity for ethylene polynerization in the
presence of nodified nethylal unoxane (MMAO). In one
case, u5|ng the precatal yst obtained fromthe
aluevmay%lky lafecalapei Eyopiodies nelypiiwlcag| with gﬂahwd molecular weight

t
dls\g}\g(% g]ﬁ? r\%lf/egirrglg g%gﬁgﬁﬁg%oﬁg&ﬁ ﬁ]%(dr%?? %)%?t?ﬁb(l %ld}eover Iinost attempts to
ematoy mpmﬁ&ﬂdﬂhmm@bmﬂlyhtramﬁncg%edl sdmploxidsi lave Wntyhremlted in further

broyﬁ%@]tqé?/o o% 3@3 |O| y g{v‘?éélé &Qg@g&{ C%h@rez%g%%eﬂfo}ena need to
de\(e"f&p@atalﬂs%é “s¥édms HH'ﬁféQ 8dnt&h- sﬁﬁa%?t%& tib@hiRh PHE M Eransition metal

pol'ymerizations carried out wth various
compb(wsmamb)vﬂych dyd effedrve whpwdiicng ardyolefimredivitn 2 narrower molecular

i mmobi li zed on a support of the type MyC
welghiBfhtee’

n gave pol yethylene of relatively broad

[mma! ecqhayoa/»é&ng}" @u@tvfzs butd qnooPutiohiigh, ke Wtadl. report that the
ight, in the case of the iron conplex, but gave a

deeﬁcxatln@pf bw(mn@pmm@rl ligengsnby ticsnrpdigtipn of rencilhe cibaxysilane or Si-

15y MBS0 S SRl oL 08851 T ATEhy (G racionof

eth9RNERhE ot SNQC'grole§ uﬁmosﬁlhﬁolog&bapmﬂtmmﬁdaa;uﬁheé mabmplexation of the
deal cohol i zati on of Ng? 6C2H50H at 1700C for 4
sumported ligeadsepitB faGlat) iy ﬁﬁéﬁplﬂr%hf?@ plicesurpersddb el yprecatalysts,

wh[1: 136;([?1'3& M\%l a&ﬁﬂtgf q %&ggthg}éh ?Jlgﬁeﬁ Mkt ﬂlntth@' t(f%ghce of modified

exes were yl'ene 1n
mq&r;éeﬂemo&amf (MMA@ObutI;lI aheu ndaseimusiag athei peccatalyst hﬁ)tained from the

ety B Ao i U S HO. TSRO GIGREY dduesd polycthylene

ha\m"’lé QCHERAL- M‘@e‘r%ﬂ ﬁb%&ﬁlhlbweing oPSHV&eH %/n?tﬁ A% &nBodal molecular
In"the Case of the iron conpl exes, ethyl ene

wepghlt diserrtiugian ivoth 4 n@lattﬂwelyrin@spcrisz@smsnyrmétmqﬂ @f.umi num as

) o P i L 5 U B A R

at By RnEDPAGMbRFatI0RE Habric Duk 1 Wik | @RS YEEMi idyl iron,
and 20. [%01§?¢|? has now been found that suppo @ml%%n% g

chrogiwmasd ypnadiem chepploigs anmabiliaschemt Remogeof the type MgCIz/Aan(OR)s

» gave polyethylene of relatively broad molecular weight distribution, but high molecular
weight, in the case of the iron complex, but gave a very narrow molecular weight distribution
in the case of the vanadium complex.

[0012] In Macromol. Chem. Phys., 207, (2006), 779-786, Xu et al. report that spherical
MgCl, supports obtained by the thermal dealcoholization of MgCl,-2.56C,HsOH at 170°C for
4 hours are effective for immobilizing bis(imino)pyridyl Fe" and Ni" complexes. When the
resultant nickel complexes were used to polymerize ethylene in the presence of
triisobutylaluminum as activator, the polyethylene products exhibited a weight-averaged
molecular weight between 44 and 90x10" g/mol and a molecular weight distribution between
2.35 and 2.87. In the case of the iron complexes, ethylene polymerization in the presence of

triethylaluminum as activator produced polyethylene products exhibiting a weight-averaged
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and/ or an al kyl al um num halide chem cally or
physi cal ly bonded thereto are effective in
WO pawol#doesi ng bi s(im no)pyridyl transition nmetBCT/US2008/071940
conpl exes and that the resultant supported conpl exes,
when conbined with an activator, such as a
perfl uorinatedaryl borate, and optionally an
trial kylalum num co-catal yst, are effective in
mo&gumgh[t ,li)@tv%p_eg 48fand 61% UX re/mel @qdn%, mekesular pveight distribution between
11P3hlheul ar, with suitable selection of the Iligand
structure of the conplex, the supported catal ysts can
[0018] usdd ht.o npwdeban dojnal thae sigppofts, eh weisghth, Bven@ge aluminum halide
I I i.gh [ i th l ativel
ang{gy glg Luﬂllg}glalﬁ;ilgﬁlg hgﬁg%o :c %g]tC?, ; or %’@&%ﬁ%@ gn(*ﬂ% grre?oware effective in
imfrOVEDH s GARB Yy RS BaAlifiéh hRtPRBnPRRES hind IS tIRY RIGWInt supported
invention relates fo a catalyst systemfor the
coppleyere rwirat combioed cutto|apnestivatri swuchofs a- péréiipnsgtedand borate, and
cat al yst, system conpri si a bis(inmno i dyl . conp
onfite o S RO FHRSH P S0 DC 24 BHbisFiniog Plegths. such as

cth§lend! URT Roulal W andblerscRoticd by il H%ﬁnﬁusl’ﬁu'aﬁiré @€ the complex, the
chem cally or ghysn cally bonded thereto. [0015] In one

supnepted icatelysts cemec gsgsife mrodvas pelypfeacel layaraght avgragapwlecular weight
' have e m. calql ea di:-Wi:th.said al um num
cofnEq o G BRSOy RO IR RIS £ sUbpor ¢
SUMNMXRYF JHE ¢SVENHIQONT na. [ 0016] Conveniently, the
al kyl al um num hal i de has the formula Al X2R or Al XR2
[004HEr e Acqosding HnpPRcesPEFlotils RipNRINVENtion rglaksp| to gragtabyst system for the

V. . . . . b t b a a ..
polf D AR S8Rt mbrl OB o BidtRh e SLQMR Saln®Romprising a
bisgihﬁrlldi)p_gl(ldyi'if mmﬂlyx i cgf?/h %mm@x maalrmmnglﬁﬁm(b@?by stu_btp_ort having an
all o or mul a s wher ej n. onpr i ses ransition
aluﬂﬁ?‘élfp\{\fﬁﬁ%?ﬁlé‘%&ﬁsa”?’l%m@“& L‘tﬂﬁg] Peically or napycallgponded thereto.
[0035¢ T NhSoneStibo Aeielild suppBt! Hak]surfetd \l}%drog?’l[ étlollps which have been
Co[ 111, Mn[I], M[TIT, "MI[TIIT, " M[TV], Ru[TIT, _
chéuichlly ]rTagtenggth]ald Xlunrr]mnlan leeiden aord/og rablqlfiallt\l/lmwmlrmnt(r?lnvomently, the
i oni cal | onde o the transition neta Tis the
Su%’)?ﬁacz?fr’p&ﬁessstlg‘faeor UPM& transition metal Mand b is the
[0048] ENCYorRkniently, the alkylaluminum halide has the formula AIX,R or AIXR, where

X is a halide group and R is an alkyl group having from about 1 to about 8 carbon atoms,
such as diethylaluminum chloride.
[0017] In one embodiment, the bis(imino)pyridyl complex is represented by the following

formula (I):

@
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the atomor group X; and RL to R7 are independently
sel ected from hydrogen, hal ogen, hydrocarbyl, and

W@ apsvitees ed hydrocarbyl, provided that when aPgI/USZI0$071940
nore of RL to R7 are hydrocarbyl or substituted
hydrocarbyl, two or nore can be linked to formone or
nore cyclic substituents. [0018] In another
enbodi ment, the bis(imno)pyridyl conplex is
represented by the followng forrmula (11): wherein M

WHERITP N1 SEtniish! ANFhidith HREA! frdh OBk ge[l ?%Eet?? ﬁ{efi?&% Table of

e o enents, such as

Ele@ﬂfilﬂté,,Sum[aklﬂe[ﬂmkllﬂﬂ]COM][(F@[H]NE@[HU]] M‘ﬂﬂ]l M[J1], Mn[III], Mn[IV],

L11] or Ru[lV]; X represents

Rl R MPHgP Jﬁy Hyndeds b o o D (OSHORS 8F Rica; bonded o the
traﬁﬁﬁor?ﬁiegﬁﬁ\ﬁ Ooft i Sthatekidtiot Batd 6BRS 'trtah%?oﬁ%ﬁil I\Maﬁ&]@ i tﬂesvalency of

he val ency of the atomor group X
theR&t@m, oR2BUPRY; Bpd B2t R23re iRRAendRABy sRR6tcd @anahmﬂrc@a halogen,

b By oA RS A ey By ins R B0f iy of R'to R ar

hydidadrbys uBdidtutb My @oc4BY 1€ tvd ofthoreR¥an bB@lnk&ﬂto BRE o or more cyclic
are hydrocarbyl or subst it ut ed hydrocar byl , two or

subsgifusnisan be |inked to formone or nore cycllc

stitu o] es _F

0088 b SRRy 1ot NSRS oy HERDEE T pbrpdned by the
folRdng RdwlR2H; R26, R27 and R28 are hydrogen, R4 and

R5 are alkyl, especially nmethyl, and R19 , R20, R2 1

and R22 are independentlﬂk‘electederon1hydrogen

al kyl, especially nethyl, apnd aryf, especially tolyl.

[0020] Conveniently, the capakys{ system al so

conprises at | east one actifator,\such as a

perfluorinated aryl Ipdfats ccRP@ing to a

further aspect, the presen / ion relates to a

met hod of produci nB a cat al {stem for the

pol ymeri zati on or copol ynerf zatiad
nmet hod conpry, si ng: ting a‘suwpport with an

of olefins, the
al um num hal | um num hal i de to produce

i nve

R? N—> M[T]-(T/b)X 1)

_N\ R?!
R5
R22 R23
R25 R24

wherein M comprises a transition metal from Groups 7 to 9 of the Periodic Table of
Elements, such as Fe[ll], Fe[lll], Co[l], Co[lI], Co[IlI], Mn[I], Mn[II], Mn[III], Mn[IV],
Ru[II], Ru[III] or Ru[IV]; X represents an atom or group bonded to the transition metal M; T

is the oxidation state of the transition metal M and b is the valency of the atom or group X

-6 -
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an alum numtreated support; (b) reacting the
al um numtreated support with a bis(imno)pyridyl
W@ vphese2df a transition netal; and (c) reactiPQr/Uk®08/071940
alum numtreated support with a perfluorinated aryl
borate. [0022] Conveniently, the reacting (c) is
effected after the reacting (b), but alternativel y the
reacting, (¢) gan pe effected beforg the reacting
R'J BO2R], l?gn ReR'a Rur RherRasBee®R ™ the: Br e%zntanﬁrﬂ%erﬁr? dﬁdependenﬂy
of
Selg@%)%tf@?rnetrh?(zhi%ﬁpﬂ %?(?%as ﬂgldtﬁgér-‘gge ? ns]ﬂgsetg%tg% ha/dfocarbyl provided that
wheh layy eme or titoge pf BEER'S REpRArand iRTgare hpcﬂracarbyllgomb@htaﬁed hydrocarbyl,
| east one a-ol efm nder pol yneri zation conditions with
(WG, Op O] %tbeé%?%rﬂ P& H*é“( Seclia SupsiyeRiSno) pyri dy!
[0OTP! @orREnidnily, %Sdo&ﬂp%em[@ﬂ] KSR stZ £ Halfft, BspreiRg chioride, R,

havi ng an a;sum6num hal i de and/ or an al kyl aI um num
R’hRl,iRfe RTieRt’ cBIY R oandoRy sire aydh}bgbo fendtRi earetaﬂcyarﬂi»pédyally methyl,

an(?kl\l/d B\Ip n%@%i | %&glt géegthﬁg/r %dtt%%scggg&g:g% }11 egspecmlly methyl,

and;gﬂgre JCQ{H ttB@HPerl odic Table of Elenments is used as
(& ed n EM CAL AND ENG NEERI NG NEWS 1985,
10639 5) , Camenieotshc FralysermEnY HlhelepBENaL JoasepRbsENetr, such as a

tIy sel ected from' are used herein to
peﬁlglrmét QSIS,EP)? e desi gnated groups, e.g., R and R3,

[002aD beA¢ddeding adl a qurtdrf dpeentthd POACht A cS@M rélefeeitd, a method of
the term"catal yst systent is intended to refer to a
ProdyRing st tRBH St Hybtems fQ?a%‘ﬁb]P(eY@F“%nu%feQORQ%Ymﬁ”lftaiﬂa’ﬂ eof olefins, the

v ion. Thus, the term"catal yst systent my
g néil&r)gdréJ ﬁg transition netal |igand conplex of the

I negnttrannghengpot withen atumihmathiabde of art alkylgiutriioum helidd to produce
| j gand corrgel ex and an activator. In this respect, the
ang ungdfealedSEPPOTEs used to nmean a conpound t hat

i NGy e hgo! Ah&iRtn-Whi 1 rapsiti 1 1 i
i gd%ngégﬁmn% eg pg ilﬂr%rler )lﬁlgetg&]osl glﬁ nwnonorrﬁéggnglﬁo@}grdya compiex ot 4

transy‘ntpolmntal,tahét affects the rml ecul ar wei ght, degree of
fgrlg%ﬁitngﬁﬁ n%nomer ont s%pé)[ogl \Qj/@% Q Ie)grﬂ%rorqgaetgé ary? borate

[0022] Conveniently, the reacting (c) is effected after the reacting (b), but alternatively

the reacting (c) can be effected before the reacting (b).

[0023] In yet a further aspect, the present invention relates to a process for polymerizing

or copolymerizing at least one a-olefin, especially ethylene, the process comprising

contacting said at least one a-olefin under polymerization conditions with a catalyst system

comprising (a) a bis(imino)pyridyl complex of a transition metal immobilized on a support

having an aluminum halide and/or an alkylaluminum halide chemically or physically bonded

thereto and (b) at least one activator.

DETAILED DESCRIPTION OF THE INVENTION

[0024] As used herein, the new numbering scheme for the Periodic Table of Elements is
used as published in CHEMICAL AND ENGINEERING NEWS 1985, 63(5), 27.
[0025] The terms "independently represent” and "independently selected from" are used

herein to indicate that the designated groups, e.g., R; and R, can be identical or different.
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system of the invention may al so include other
conponents, such as a support. [0027] The terns

wO bapdiogrses byl *, "hydrocar byl radical” and "hydPGUEHR199$/071940
group” are used interchangeably throughout this
docunent. Likew se the terns "group,” "radical," and

"substituent” are al so used interchangeably in this
docunent. For purposes of this disclosure
10028y, ofz\,%kl%ﬁdl harejgi a1 term scafalystriwatey 1Bént§n4°§dpcrﬁfer to a composition

tha‘f\"fg ﬁa@aﬁl@ g)tf V\:h S8 rlﬁgﬁﬂi ]?c;lgarrl BaUAHLQ 0 Qerﬁla‘[cgﬁ st system” may

ranched or
1nodmié Memnsmohlmeta]ah@amlt campglex dnhalinmeatioe alo[116032&he cornblnatlon of

LSt BRI S GEH GH bARAGT bR St (IR BEmappRor” is used

to ﬁ{eah ecla&;m&qu%dftﬁﬁcﬁlb&g@s tHE MR o3 YR shBhRARI fBtal lighnd complex
, hal ogen-containing group (e.g. CF3) H%

polbdﬁfezlzeml@ﬁmbm@eﬁ*andfbe R'compRiuR] thasHfRts tSbMOZchBR*welght degree of

2, SiR*'3, GeR* PbR* t he |
bR SRR G SE A DM APGRPOP GcpH G PR The catayst
sygtaﬁ of frRAnWntibh ﬂlatyfa@sohﬁaﬁ@@@ﬂh@wo bﬂt@' sucBHEN s @oﬂo

-Se-, -Te-, JJW)- =N- , =P-
[0(12,&]; Tlsbt(emas) ”hydfcggr yl'S B@F@rqcarbﬁ Badlcal” siq H*»dzocarbyl group are used

mtergﬁénr%ﬁ%@%nt U%F]yg/{*t;%ﬁs & rooca ) ZLIk% hat glgarelglﬁ?m Egl”ﬁthcal " and

"subBEtuENO afd al §DlsRd RitcitBindcabl 11t1 ﬁﬁﬁﬂd&'@&neﬁw F@’f prposes of this disclosure,
substituted or unsubstituted saturated, parti al

"hysecr i apdieplos defipeehtoi ke aclgaéwalc Wémchp@mgﬂ@}ﬁchydaogenﬁ ms and up to 100
carBBé U Snd [V(ﬂ%gllla{ RE 1FrRhMurHksd vd% cggﬁ@ danlae\gfﬁénnc}c@lc aromatic or
ich rmay be a single

er to an aronmatic su fltuent
nogdacmmdticc ring or nultiple aromatic rings whi ch are

fused et her i nked .c vale romati c
lﬂ%%i u %%vtq%xd{ﬁf@r%wa S Haphdl ﬁ%}ﬁ in Whichrah denyene ylgogen atom
hasbb%eﬁ%kt‘ltuf%aewfﬂ? AUN ?traﬂe fulngtiéHa$ %rd%ﬁ')eglcﬂ 8k 8lalbgkR (e.g. F, CL Br, 1),

I nclude "substituted aryl”™ in which one or nore
halogeir- a@émnmgomuat(tac lﬁiéd) tN)HanNRéar(BHn GRbrSal, aFeR*, PR*;, AsR*,,

Sbgl”‘< 251{( %y%%o gfee%/ P%ﬁgg and I”ﬁ) ergr Py Sefe aufeast one non-
hydrocarbon atorn or group has been inserted within the hydrocarbyl 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, and two or more R* may join together to form a
substituted or unsubstituted saturated, partially unsaturated or aromatic cyclic or polycyclic
ring structure.

[0029] 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 or linked covalently.
The aromatic ring(s) may include phenyl, naphthyl, anthracenyl, and biphenyl. The term
"aryl" is also used herein to include "substituted aryl" in which one or more hydrogen atoms
attached to any carbon atom on an aromatic ring is replaced by one or more groups, such as
alkyl or cycloalkyl.

[0030] The present disclosure is directed to a catalyst system for the polymerization or

copolymerization of a-olefins, especially ethylene, wherein the catalyst system comprises a
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[0030] The present disclosure is directed to a
catal yst systemfor the polynerization or
W@ opolysses i zati on of a-ol efns, especially et hyP@nES2008/071940
wherein the catal yst system conprises
abi s(i m no)pyridyl conmplex of a transition netal on a
support having an al um num hal i de and/ or an
alkylalun1nun1hal|de chenmically or physically bonded
bis{inuheipyridydl enndes ef ppEmstios meftheas BiPPpFokEIcn ! phgninum halide
I |
ancg/&lt al Mﬁ%laﬁ%ﬁh&ﬁ] h%gg% ope(??lg{ir@;r ??phﬁ@%%ﬂ% ?615({%%{%&&?@0 W Gescribed are

ol ynerization an
meBicglf iofrpfaxd)lcxylg nl@datﬂmys&e«n 20084 of the cdralgti sm;tam)lpylﬁe gbiymerization
| ex e the present catal yst systemis
an&@%?%%@ﬂ? 0%9 @ﬁ52@61lomnng formula (1): wherein M
BiSENRo R SsvE cbinditsi tion nmetal from Goup 7, 8, or 9 of
ls(the Pgﬁg 8§c gble of El ements, such as Fe[ll]
[0(]3&[ | I I'The Gofinjino)pyfidyl] cor@plek | ¢1}1ploM:n[ lif, thk/hpltelsqnt catalyst system is

rer TSPy RO TR or | ont cal |y bonded to t he

transition mnetal RFAT is the oxidation state of the
transition netal nd b is Rhe val ency of the atom or
group X; and Rl1, R2,\R3, R@/ R5, R6, and R7 are
|ndependentﬁy.selecte hydr ogen, hal ogen
hydrocar byl , \and subgtituted hydrocarbyl, provided
that when any Xwo o/ nore of \RL to R7 are hydrocar byl
or substituted/trydrdcarbyl, t or nore can be |inked
to formone yclic sub tltuent 0032] In one
enbodi N olvpll Tgx( oyed her dilh
IS represente formulaAll):wherein M X T and
b are the sane r formulg/ (1); and Rl, R2, R3, R4,
R5, R19 , RO/ R2 1,\R22, , R24, R25, R26, R27 and
R28 are i ndegendent| W sel ed from hydrogen, hal ogen,
hydr ocar byl ,~ substit Ed—ﬁﬁgrocarbyl,

heterohydrocarbyl or!/ substituted het erohydrocar byl ;
provi ded that whenRany two oR’nore of Ri, R2 R3 R4,

are h sub t|t ted roc g
i, KB Shey by TSRO A FhL Bt & B Outaipyferiodic Table of
Eldrmglt@rsumorag &N pe[1i,nked],t Co[iQ) WopMi, Bn[ITOMNE[TY.CMEIII], Mn[IV],
Ru[I1], S1{u[IH] 0; Ru[IV]; X is an atom or group covalently or ionically bonded to the

transition metal M; T is the oxidation state of the transition metal M and b is the valency of
the atom or group X; and R, R%L R?, RY, R, R®, and R’ are independently selected from
hydrogen, halogen, hydrocarbyl, and substituted hydrocarbyl, provided that when any two or
more of R' to R” are hydrocarbyl or substituted hydrocarbyl, two or more can be linked to
form one or more cyclic substituents.

[0032] In one embodiment, bis(imino)pyridyl complex employed herein is represented by

the formula (II):



[0033] Conveniently, Mconprises Fe[ll], X conprises a

hal i de, especially chloride, RlL, R2, R3, R23, R24,
WOR2®9/0FBe; R27 and R28 are hydrogen and R4 andP@EUS2088/071940

al kyl, especially nethyl, and R19 , R20, R2 1 and R22

are independently sel ected from hydrogen, alkyl,

especially nethyl, and aryl, especially tolyl. [0034]

Exanpl es of suitable conpl exes within the above

general formul ae incl ude RZ%6 R?7

bi s[1-(2, 6-di met hyl phenylirgne) efhyljpyridine iron

Bi s(i m no) pyridyl i
formulae (1) and (I
condensati on reactRdns bet s(car bonyl ) pyri di ne
‘ hydrazi nes. Such
reactions can be catalyzed/ for exapple, by acids, for
exanpl e, acetic acid/or Tdhuene -p sul phonic acid
During reactions of Ahis type it is normally
advant ageous t g—erRve from \he reacti on zone the
wat er el i m nag Lhe reactdon of the carbonyl
groups \R’t+ . Mg [#Tdp3r ati on of (D
| i gands using @ction, it is preferred
to take of f the—w r by reffuxing the reaction
mxture with 3 Orm ng wat er-inmm sci bl e
l'iquid, and geparati renovi ngat he water fromthe
distillate in a suitgble rgflux hgad, for exanple in a
Dean and Stark hea%; SuitaE\e | iguids for this purpose
are, for exanple, hydrocarbgns, —especially aromatic
hydrocarbons such as t.0l uefie or xW ene. ,The fina
nmetal conplex can th pbe YW oduced ﬁbacting t he
resul tant bis(im no)pyridyl conpo/nd with a solution
of the nmetal salt, for exanp , In an organic
sol vent, such as butanol. Activatqrs and Catal yst
Activation [0036] The bisigﬁino)pyRFﬁyl conpounds
descri bed are useful as catal yst precursors and, when
whkdid }@)@,dr hd B FORYAL QY 2br BRhhMEH° bt rE QEARACKT Y€ R R RZ,
cat al yst's tor the_ polynerization or oligonerization of
R*DIRTj RS, R&&t R¥VaRdf and HRif anmyndepenteety isakektedefrdrevitysirogen, halogen,

hyc%r%lcgrbel?tslu‘\b/&lttgtreg ’hy%iyoccgrbyl, heterohydrocarbyl or substituted heterohydrocarbyl;

provided that when any two or more of Rl, Rz, R3, R4, and R’ are hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, two or more can be linked
to form one or more cyclic substituents.

[0033] Conveniently, M comprises Fe[ll], X comprises a halide, especially chloride, R,
R%, R®, R¥, R*, R”, R*, R*" and R*® arc hydrogen and R* and R’ are alkyl, especially
methyl, and R", R?’, R*! and R* are independently selected from hydrogen, alkyl, especially
methyl, and aryl, especially tolyl.

[0034] Examples of suitable complexes within the above general formulae include 2,6
bis[1-(2,6-dimethylphenylimine) ethyl]pyridine iron dichloride and 2,6 bis[1-(2-
tolylphenylimine) ethyl]pyridine iron dichloride.

[0035] Bis(imino)pyridyl ligands of the type illustrated in formulae (I) and (II) can

generally be prepared by condensation reactions between bis(carbonyl)pyridine compounds
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as triphenyl boron, tris-perfluorophenyl boron,
tris-perfluorophenyl alum numand the Iike; and ionic
W@eivwetees s, such as di net hyl anilini um t et r aki BCT/US2008/071940
per fl uorophenyl borate, triphenyl carboniumtetrakis
perfl uorophenyl borate, dinmethylaniliniumtetrakis
per fl uorophenyl alum nate, and the |ike. [0037]
Conpounds useful as an ionic activator conponent
andy SROATIY aé@ﬁfﬁr Pk By¢ragiaes. o RuchigasHonss ey be sptalyizgd.gfor example, by

ac@%#’gt;%)lﬁg? get?caa[b?(PbretoﬂIeng %%iﬂh%glcaacﬁi;] olgﬁtlnno%faelggtlcﬁls of this type it is

e noncoordl nati ng ani on whi
noimed| iyt ddwerhtygdoas gme(rtwle Kyom theapadobe zofic e abitdrictinmigatédiy the reaction
ctive catal eci whi ch js forned when .the two )
of fﬁs&a&?ﬁa grgp et alguRYf b the EWPWUP%BF [igands upjag this type of

reddliSP! /G %r@%rr@d % Mhi& giroinef\DaGr 89 %ﬁ&ﬁhg lga 'r&@%ltlbﬁ( mixture with an
unsat urated substrates or other heutral Lew s bases

azohe-dsmenh srer-imintisdiple diqanld andecpaidtiog aidocdasg dise whter from the

aisf R S BN 08B0 ANSpIAVE EER L3 CKORE tiquias for
th1§?5u@[5656 HOOFH Al BRIFDILHAS, eBRfall§ HOmati®| HdAIchibdns such as
pophilic radicals covalently coordinated to and

tolg@ﬂeeqrdmi@ea Ehenfinad metilagogenlpre san ﬂngn etrapdused bEtraqtigigdhe resultant
blsgggﬁs)pglﬂ%ﬁzgon?& @orl%)gpgoh% Pﬁtlpe e?al staﬂ 9ofr %%ﬁl%ﬁ]e FeCl,, in an

as ‘car anes acarbor anes an

ordaatcanbent, 5@038]butanobne embodi ment, suitable ionic
activators may be represented by the fol | owi ng
Actigatogs and F@‘alyfﬁ)A‘ElV@tl(’!&\d Yywherein L is an neutral

< .
O B R ) a4 BB s
Whieﬁ aaivatet @itk rcofivamtiofalt aoti8atofs) 6381 ac'five oa‘at}ist:snfor the polyrnerization or

onent

O A K T I O A

as lt-t‘ﬁYHeﬁ esdds, &@%H’l&r&ﬁheﬁflpﬁ&ﬂﬁu ﬁl@%@ﬁ!u&&}ﬁfeﬁﬂcﬁlhﬁhguﬁl and the like;
rmlety such as an alkyl”or aryl, 'fromthe precatal yst

andfioree aa tlka}lblat saeh. aSdimethylenitiatun mettadimppfrrénowphet_ﬂy’l befyate, triphenyl
car§mili€}% Eﬁiiak?swm%?huorophenyp %orerl]‘EB & r?lgt?lgfa]mﬁlmum tetrakis perfluorophenyl
aluminate, and the like.

[0037] Compounds useful as an ionic activator component generally comprise a cation,
which is preferably a Bronsted acid capable of donating a proton, and a compatible non-
coordinating anion which anion is relatively large (bulky), capable of stabilizing the active
catalyst species which is formed when the two compounds are combined and sufficiently
labile to be displaced by olefinic diolefinic and acetylenically unsaturated substrates or other
neutral Lewis bases such as ethers, nitriles and the like. Two classes of compatible non-
coordinating anions have been disclosed in EPA 277,003 and EPA 277,004 published 1988:
1) anionic coordination complexes comprising a plurality of lipophilic radicals covalently
coordinated to and shielding a central charge-bearing metal or metalloid core, and 2) anions
comprising a plurality of boron atoms such as carboranes, metallacarboranes and boranes.

[0038] In one embodiment, suitable ionic activators may be represented by the following

formula: (L**-H)y (4%)
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m xtures thereof, preferably amoni uns of nethylam ne,
ani l i ne, dinethylam ne, diethylamne, N nethylaniline,
walephesmsean ne, trinmethyl am ne, triethyl am ne, PEI/US2008/071940
Ndi net hyl ani | i ne, net hyl di phenyl am ne, pyridi ne,
p- brono N, N-di net hyl ani | i ne,
p-ni tro- N, Ndi net hyl ani |l i ne, phosphoni uns from
trLetQlehosphine,,triphenylphosphingé and )
wharah bR Ispidstiplleewip R Hris hydragss (ke sigamraasted acid
dq] [ - tet s I
A 3 ERbRbo St afibf hihe Blo Hargel & d RUK ORI, TR,
[0039] oet Tier autian dotx@bn@i_ﬂ,y(dﬁét}ﬁjdbpiay riegludnBramstet e RlS such as protons or
o ey ool oy Rl cont e Mot % O e o
mdi&y ) QRENLUTE AR &P XLUT 8Sm f%ej%t%éaﬁgklé(t £ 001 140E. @itable cation
ferrocenluns;4npst preferably triphenyl carbonium
comp@pd}s Th&*-&hi onnaedep enemdnivas,i neonidest pbesphioaininmg dilybums, and
formula wherein k. is an integer fromi1 to 3; n.is an .
mir S gdPert PPty mamlySidor s idiaihen: aBipgcgetylamine
dickiyPimh gt OUN-rhdthQfantiive, PIpheskismihab! @iméth{Rmin, eﬁﬁ&h?l,amine, N,N-
preferably boron or alum num and Q is 1ndependently a

dimpgthlylpeiéine, bnethgldphenylemine pyfédindlipabmeyoaNNtdimatiaylpriine, p-nitro-N,N-

. X - ar i.de. hy car titut .
oA, NS B AR Sprvighgpine and
diphahphddphint Ut @dmidiocaemy lctlicadi Q@hs,ass ailct@yhasthérg diethyl cther,

to 20 carbon atons with the proviso that in not nore

tetiafgdrofan gee uHpxamee splfordugs HEam dhioctherst spehpiay  dighylhthipethers and

i . i | 0 ' i . Q32 +
Bl YRR LAY, SEOUBMIAN P 0.0, g s e
maagty | sighoap, siland mmestliupr, e€ababitys,e daxtocEhiumsaand mixtures, preferably
ent af l uoryl aryl group. | es of suitable Ad al so
caPRRI B EnA swu%hﬁeﬂrm%t%%g@gﬁr@ﬁwé SHOPRID. S Pat .
[0(”@} 5, Ttk lar8APcortftine Rt i ifcitldeYthd AR RQI AL BRANE! BIANQPY wherein k is

reference. [0041] Illustrative, but not limting
an extapy| feen df tobroms aompegendonmBitcr nhy: beMusen dsmant selected from

T R T
indepéRic} Y 9 RYdridll Bridpaeof u@bridded dihikyRmigsd, halidd alkoxide, aryloxide,
hyc?rmg;llj rsrl]lbsstaituttesd I?;Jd%]ca?‘t?;l, halocarbyl, substituted halocarbyl, and halosubstituted-
hydrocarbyl radicals, said Q having up to 20 carbon atoms with the proviso that in not more
than one occurrence is Q a halide. Preferably, each Q is a fluorinated hydrocarbyl group
having 1 to 20 carbon atoms, more preferably each Q is a fluorinated aryl group, and most
preferably each Q is a pentafluoryl aryl group. Examples of suitable A% also include diboron
compounds as disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated herein by
reference.

[0041] [lustrative, but not limiting examples of boron compounds which may be used as
an activating cocatalyst in combination with a co-activator in the preparation of the improved
catalysts of this invention are tri-substituted ammonium salts such as:

trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,

tripropylammonium tetraphenylborate, tri(r-butyl)ammonium tetraphenylborate,
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trimet hyl ammoni um t et r aphenyl borate, triethyl amoni um
t etraphenyl borate, tripropyl ammoni um
W@ aopapteenyl borate, tri(/7?-butyl)amoni um PCT/US2008/071940
tetraphenyl borate,tri(ter -butyl)amoni um
tetraphenyl borate, N, N-di met hyl anilini um
t etraphenyl borate, N, Ndi et hyl anilinium

t et raphenyl bor at e
trl(Rf”NbWHWHWW(@ te&raghqnfy mtﬁﬁ %quglil}{j,@ﬁlhmum tetraphenylborate, N,N-

o R P Do bl SR TGP M iy enfinium),

tetﬂa@hﬂfr@zlkbcs@tp etﬂh&ﬁﬂyllammpim&inyﬂe)rbkls(@bﬁaﬂﬁdrbph[dmp}bbammtTiel‘rlmlarnrnoniurn
trakl pent af | oro ) borate

tetrlaﬁ}s 961;1 Pmp§1 trlp opylarnrnomurn tetrakis(pentafluorophenyl)borate,

trl({n%&ﬁﬁn%ﬁ@ﬁﬁﬁﬁgﬂrélﬁg(ﬁ&H%Wr%ﬁ&hﬁlt)ﬁorate tri(sec-butyl)ammonium

('sec- but yl') amoni um
tetmakts(mlnta@@pmphaﬂyl)]mram@ M6 hydiystrydenelinium tetrakis(pentafluorophenyl)borate,

N &Ié{}%tg}z]ﬁg IBﬁW? %IFJF%@%EWQH%O})B?}WQP@MG, N,N-dimethyl-(2,4,6-

tridethly lh @ fieh ABirali b éﬁfhﬂuoro?henyl)borate trimethylammonium tetrakis-(2,3,4,6-
t etraki s(pent af | uor ophen bor at e

tetgfINopphestyh)borgte, ety m‘h@tlm)lﬁ'fé@‘kllf’f (%3, éﬁ)tetraﬂuorophenyl)borate
i GBS LAGkR5 SE R NRRI AN St P A HBhiur

tetltakisqtzBy4,6—m&’tmﬂuumphenyl)borate dlrnethyl(tert—butyl)arnrnomurn tetrakis-(2,3,4,6-

tetrakis-(2,3,4,6-tetrafl uorophenyl ) borate
tetlfalﬂpgrioab%y L’Iﬁﬁ\l dimethylanilinium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,

N,Iﬁgﬁétﬁgl%@%i%é\@teﬁa@lst(§t3 rag. k&&@ﬁgﬁ@?@%@)‘%&@é, &1, N-dimethyl-(2,4,6-

ammoni uim tetra
trlmdthﬁl-ahémnmﬁ)ta]lmkmp(ﬁ%B%mehbmphdmyfﬁiomté (ttierethylammonium

Ki
ity %r%@%%mwﬁh&%ﬁ%%@ g@%hylmnmoar%{@ﬁfﬂklémerfﬂwreﬁﬁphthﬂ)borate
trlﬂrsﬁl\{lﬁ‘tlﬁh%nﬁ@n getmﬁséael;fﬁd}@l{alpﬁﬁfyg@@ﬁf& QYR Rmmonium

di ethylanilinrumtetrakis-
tetraklsa;etrﬁmqramaphmyd))ioh@tw V(%) = hufer1)amnmnmrmfmyiS(I(ezﬂlmr&aphthyl)borate,

N R D S RS Tt W AL YRR RRAERY!
tettaRls( KM EdrBRIphtHyOLeReN N, Rydib @k Bt B4, 6Lt ¥naRTRR) UM
tetrakls(perfluoronaphthyl)borate tripropyl amoni um

tetltagts(mﬂlg{rpléqpﬁlrhy@,bgwgp mnn?qhyl@mrm@um tetrakis(perfluorobiphenyl)borate,

bRt ARRBl A hetiohrubbates, vipopgpmonium
tetrahm(pelrﬂmﬁmlphamll)ibetat@km(sz(tnﬁylﬁdnuﬁbmnﬂ;nbﬁr&m())&ﬁmatoenphenyl)borate
et ant b1 npum

trl(lteéff plétlyl)glpg@pfqna gﬁtr@hlémﬂﬂgr?lﬁgheawgborate N,N-dimethylanilinium
tetllﬁ!kﬁ&kﬁﬁ Xﬂ)l?ffi' AJ"O)'Bbf“érf@ III\Jt ﬁyd[lgtg% amhnlurn tetrakis(perfluorobiphenyl)borate,

onap
N,N-d‘thldihlyb(ﬂj@/ b-t(ihethyGmi liriiuma) t?tydahlﬂ{ﬂerﬂuomt)lphenyl)borate,

L AL NN

tetltaﬁis(ﬁ&b%s?t@ﬁ%idﬁ%l%h)ﬁ%ﬁﬁ)ﬁo}&%@ rtﬁ{a?opyla?ﬂrﬂ&ﬁ%'t&[ﬂ@é@ ym
t et raki s(perfl uorobi phenyl)

bisttriflapranizthy Iphamyhhorraientri(r- butyl)arnmomurn tetrakis(3,5-
blSEtI‘lh{lgIkOIﬁQ’e IPyFI‘{pfhl 5b%?a|1tg erptgrt)b 9yl)a mmonium tetrakis(3,5-

bis(trifluoromethyl)phenyl)borate, N,N-dimethylanilinium tetrakis(3,5-

bis(trifluoromethyl)phenyl)borate, N,N-diethylanilinium tetrakis(3,5-
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tri(ter -butyl)amonium
tetraki s(perfl uorobi phenyl) bor at e,
wORMogsssRs hyl ani | i ni um PCT/US2008/071940
t et raki s(perfl uorobi phenyl ) borat e,
N, N- di et hyl ani |i ni um
tetrakis( perfl uor obi phenyl ) bor at e,

N, N- di net h 4, 6-trinmethyl ani
bl%t@ﬂpawfpfﬁ)pﬁlpm}b@w@H‘éﬁ&dw&%ﬂé“ @Vimﬁéw%lhwﬂ‘ieﬁﬁkISG 5-

s SRR v oot ) ey ot

and Btalky$ @tnriohiunosdystittyasy phenyl ) bor at e,
r opyl ammoni um t;t r aki

. (3 ,5-
dl-éf% Py DROIBIOB SR R @@ﬂ&%ﬁ)lﬁf@?gwbborate and
dlc%'[ﬂ'o(léxy'l_ mxhﬂlﬁmé’%kly@bﬁtﬁﬂﬁ&%b ?l)@orate

| uor oret hyl ) phenyl ) borate, tri(ter
and bmtwa)ltammmsum t et raki s(3, 5-

i R PGP A R By Soogete 2

dnﬂétﬁflbﬁétfy'l)&éﬁé@ﬁﬁﬁlhﬁi teRNaBEtRRIRbFhenyl)borate, tropillium

di et hyl ani li ni um
tetrapherakos¢ts, t5iphény{ arhaniure taﬁmhﬁwlb%ﬁenylpylwﬂmoephomum

tet%lapmi di ugtl}ri;e)&lz s?]lyﬁbngl P%i)%)%ré@grlgtlel Qénzgg g& %(% Iﬁftéra%henylborate

tropifgn Itéifﬁlk&ﬁb dnSafRIBEdphasyl)bdiraté, tApidngRytthealini um
t et r aki s(pent af | uor ophenyl ) borat e, . and
tet@k@gmn@ﬁl@%gp B oLats trlphenylphosphomurn tetrakis(pentafluorophenyl)borate,

trlétﬁ;slglghfuﬁ{ @ﬁgtgl@{pbgﬁggﬁ@gﬁg%lgpgggagetmsmz@ﬂ@(da&m@al ts

tri
tettakis(mintasippmph eyl Ybora@ hepylliidnostatkes-( 2, 3,#,62cBafluorophenyl)borate,

trinq{sﬁyla%@g@%%ﬁ@&fgg%q %@%%P%ﬁe@yb?%t& frjphgiyphosphonium

tetltaﬁisr@B@@-Xétpﬂﬁl@ﬁﬁ)heﬁﬂ}%%@Xh&ﬁ&l@ﬁ it Mtetrakis-(2,3,4,6-
t et raphényl borate, tr1phenyl phosphoni um

tetlta@vomph@wy)bbmteatbenzmﬁ(idazhyllum) Itsttakimb2t e4.6 dgthedlwpkdpdicay | ghorate,
nzen iu henyl borate, tropillium
rop D e BB DRO R o ot 6 i 11 phenyl car beni um

trighehylekibetin@ntadli s pEPRBRMYPDRANRE &e, triphenylphosphonium
tri phenyl phosphoni um

tetltaét%mﬂl@(rp@qphawyﬂ)b@m teqihy lyibdivuan trakis(petfhiprasiaphy hberate,

o SRS S A g v Do 2o

tetﬁaﬁts(@kﬂﬁoré&pﬁeny@bﬁrateet raf | uor ophenyl ) bor at e,
tri phenyl car ben

trlﬁh@pylap(rbgnl(lgl tgtrwlgpgr@pp%)ﬁ)p%pﬂ&%ﬁ? ! tflﬁg?ré’tl@o sphonium
tet}akismmdrmﬁﬁm%bf%@, triethylsilylium tetrakis(perfluorobiphenyl)borate,

benzene(diazonium) tetrakis(perfluorobiphenyl)borate, tropillium tetrakis(3,5-

bis(trifluoromethyl)phenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylphosphonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triethylsilylium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, and benzene(diazonium) tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate.

[0042] Most preferably, the ionic stoichiometric activator (L**-H)q" (Ad') is N,N-

dimethylanilinium tetrakis(perfluorophenyl)borate, N,N-dimethylanilinium
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tetrakis-(2,3 ,4,6-tetrafl uorophenyl)borate,
triethylsilyliumtetrakis-(2,3 ,4,6-
wo eapaidoeor ophenyl ) borat e, benzene(di azoni um) PCT/US2008/071940
tetrakis-(2,3 ,4,6-tetrafl uorophenyl)borate,
tropilliumtetrakis(perfluoronaphthyl)borate,
tri phenyl carbeni um tetraki s(perfl uoronaphthyl)borate,
tri phenyl phosphoni um ) o ) )
tetltalstsmeﬂ%qrwpﬁlfhy&b@w&p A Nydipsthy ndiniyr tettakin(agrflyerpbiphenylborate,

N S SR AR BORA NG L4
tettais( kil edrpeaphthybdibolatg éphehy loabatiem tralifeayluoabiygrhyipborate,
trlél%%{slggr:pglglg%g%ﬁgkgS:ﬁﬁg(?r%flllgrgr%ret ty phenyl)borate, or triphenylcarbenium
tettalidridrapREs Hbsareobi phenyl ) borate, triethylsilylium
t et r aki s‘% pef f'l uorobi phenyl ) borate, benzene(di azoni un
[00431 r aklmsqqdﬁrdnl ‘lg)o‘th@ bic_pjhamly k)b biséineno)pyogyl| dompiex, the present catalyst
sy.{t%tl B}ﬁagl:,]%r(,lglgg _Beqb,?:— > tl{zslé,]; %\/E}l%%g?gtclg l_p)OBII‘PCF Qypla)opeoorfa a%ll%’llating the transition
med] Tohipldxl, Wadtommat txkn RERMAl dRsiddtRn with an activator, an active catalyst is
tri phenyl phosphoni um tetrakis(3 , 5-

forgied (t Pritablo corratahypls) predispl 3lbosanes such ershyety| wiimgwane, modified
t 1 aki - hi LEd t h heny! .
foxaey! o gﬁ ag glodﬁ’ine)%(r%éethzlaa;(fﬁégga%g,_ XTL(? 121{)?6? rfe?e?ﬁ)rlg%r@m@lﬂg alkyls such

enzene I azoni u uor
trithgthilesymites, atisisobytACAdhinMas tripth¢f gloadhi, dndetri-®epropyl aluminum.

stoichionetric activator (L**-H)d + é}?d is
They cresi#bish y1aaral Gamaingc @t Hisksupppé il d)é%@rﬂ@lﬂypl%?lﬁ% gf the catalyst
sys{t\gﬁowﬁﬁgiéhﬁqggl:yﬂdg% ﬁ]’t Ja?ajﬂrs%s( s@@feﬁl &{H{n%%&ﬂ&a*ﬁ% %I'c?cess.

[004d] r aKTygiqedlyfih tior cdvalpdiepstethbteat@ar ratio of the bis(imino)pyridyl complex
N, N-dj met hyl ani | i ni um . : :

to fhet loRiEi %r(@ugﬁ[}?tg@mq% POREEHYP fimeAheYiblot 4¢ @bout 1:2, whereas the

mdldr R BY biS@MRRIH HByl 85mplek 34 B%@lﬁrﬁ&hﬁﬁﬂl%ﬂt dVdal I & Bom about 1:4
tri phenyl carbeni'um’t et raki s(perfl uorobi phenyl ) bor at e,

to alrouphdfy| car beni um

t et raki -bi s(trifluoronethyl)phenyl)borate, or
S“PP?‘Hﬁ‘iﬁ%ﬁ%&%beni um t et ra( per f | uor ophenyl ) bor at e.

[0048043]1nlthe préskt ic@alysOcdni®dsRbhi th@tb@i(irﬁﬁg)pyrid?ll complex, and optionally
alsgJ Itlfe( aicﬁt?vgtg%,ez Ir)llageydl 015 2(1) Qﬂpui)lpg;(t'hazfirr]lz a?lra?usnfirl]lhmchaatliae Xié/or an alkylaluminum
halide chemically or physically bonded thereto. Conveniently, the alkylaluminum halide is
represented the formula AIX,;R or AIXR; where X is a halide group and R is an alkyl group
having from about 1 to about 8 carbon atoms, such as diethylaluminum chloride.

[0046] Suitable support materials have surface hydroxyl groups that can react with the
aluminum halide and/or an alkylaluminum halide and include inorganic oxides of metals
from Groups 2, 3, 4, 5, 13, and 14 of the Periodic Table. These include silica, which may or
may not be dehydrated, fumed silica, alumina (see International Patent Publication No. WO
99/60033), silica-alumina, and mixtures thereof. Other useful supports include magnesia,
titania, zirconia, magnesium chloride (see U.S. Patent No. 5,965,477), montmorillonite (see

European Patent No. 0 511 665 B1), phyllosilicate, zeolites, talc, clays (see U.S. Patent No.
6,034,187), and the like. Also, combinations of these support materials may be used, for
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system may i nclude a co-catal yst, which is a conpound
capabl e of alkylating the transition netal conpl ex,
W@ owh/osteas when used in conbination with an ackCWHSIN$/071940
an active catalyst is forned. Suitable co-catalysts
i ncl ude al unoxanes such as nethyl al unoxane, nodified
al unoxanes such as nodified nethyl al unoxane, and nore
preferably alun1nun1alkyls such trineth al um num
exgmple, sg,]éc@uqkyq)mwnbm mgrﬁ urpl,npeq il 1Célftgﬁ1;nﬁu¥1iyp1§ﬁlosupports comprise silica
and hiupdisPPr opyl al uminum The co-catalyst may be
contai ned on the support with the other conponents of
[004i7e c&t@ivyﬁﬂenﬁysﬂlemwpoﬂamafaeabeqoar pdreliy pacdidethtd @naterial having a

atal ysts, system_durin rizatipon proces .
sunfasg A§e WB? Eaige %{Wni A %4531) 9Eeut 7@ % 4 pae Folgpe in the range of
frohP4tRit 871 thRBoR! éﬁé L& NP 1Yo GRAARIEX 2L B T ?aﬂg‘érﬁfcﬁo% about 5 to
neutral stoichiometric activator is from about
abald 0o um. ZMOMT@p@aHy,tth@surﬁicaaraaaxf |th§: sopport material i 1s in the range of from
bi i.m no dy onpl ex to t.he un1nu
aby S0P aPSUDITL Y o iR solifhs i G HisiEd o Bomihontp 5 about 3.5
cc/gairﬂf e tavEaR4 &mbré sﬁmS R ﬁfeqaﬁg&@ft BOM SboGOIPRSAHoUPP00 um. In one
he bi s(i m no) pyridyl conplex, and optionally also the
emh@dlimﬁat ghe surgaqs| axeredf Hie BIPBOISFRRtErid Ay im gheawnm gfifiegrabout 100 to
I ide | kyl.al. ch a r
ab@% 48?0%?? t/hg b9 %;881%1 erlgtug nﬂe%@gg %lloen li)out %’@h% Lﬁ&ﬁt e cc/g, and the

av@hgey}ba&hclmsﬁu R thedht dnhgeSrone RbAS SNt Qt@oﬁthH)Of 1ohnaha a%ngé?pore size of
or Al XR where X is a halide group and R is an alk
thegyupaprt HBFTiYg Welohmimbsuinvantios isdurieally Bathsganas %%om 10 to 10004,
suciluﬁnn e l(illn é By frﬁln i) Foh%b%'h{ A [fgp é')?a]mgéé" h{ @1@' ﬁn ¢ of from about
port na eria ave surface hydroxy ot
75uadmnmaﬁ&émnth t he alun1nun1hallde and/ or an

[O(ﬁgr l?q,m%%ggt%ﬁ%a gstalg %rqlfﬂlc%f g§ étllig%g targ_él)&fn(g? txr:'—:t ggpspogtf material with
an aﬁfﬂnﬁgﬁlcha_[ﬁl@lo‘i" an141@ §lu'rrfﬁ1!1rﬁ qﬁihéé |t&?1@all3y\'t3! & Reipfat@fc BBWeen about
not be dehydrated, Tuned lica, alum'na (see

209G et stk 50741 foPattemt oiialvbm bax ibont NbhowA® to thﬁtDO@&) aluminum-treated
sulg)gﬁtpcft& aglﬁwg{]u%&g%%g% ﬁmgééogtrﬁsge%lg{ﬁﬁ}é%e?i rrea%cg%{ gzlijtﬁe’tfléj Ibis(imino)pyridyl
coMpRREShIANE B DidrilRritERE dv&n BRLEDY°NBrd Eb0A6504T 0r,a time of about

nmontnorillonite (see
10 min to about 8 hours. Thereafter the catalyst-containing, aluminum-treated support is

reacted with the activator, typically at a temperature between about 20°C and about 50°C for
a time of about 10 mi to about 24 hours, to produce the supported catalyst system. If desired,
one or each reaction step may be conducted in an organic solvent inert to the reagents, such
as toluene.

[0049] Alternatively, the aluminum-treated support can be reacted with the activator prior
to, or at the same time as, the reaction with the bis(imino)pyridyl complex. However,
improved results, and in particular, polymers with narrower molecular weight distribution,
are generally produced when the catalyst system is produced by reacting the aluminum-
treated support with the bis(imino)pyridyl complex prior to reaction with the activator.
Polymerization Processes

[0050] The present catalyst system is useful in polymerizing unsaturated monomers

conventionally known to undergo metallocene-catalyzed polymerization such as solution,
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Eur opean Patent No. 0 5 11 665 Bl ), phyllosilicate,
zeolites, talc, clays (see U S. Patent No. 6,034, 187),
waeenkw23 i ke. Al so, conbinations of these sSupPCF/US2008/071940
materials may be used, forexanple, silica-chrom um
silica-alumna, and silica-titania. Typical supports
conprise silica and alum na. [0047] Conveniently, the
support material is a porous particulate nateri al o
sluryy Bifgphase el ddgh-micewre polyRerizatioge bipigallyangiss grorg drapgjtion metal

cofﬁE&&Hds7g1% '6?/ reaao'ﬁgﬁtgrsv d%&ec.-gatta ts! GhP %ngforf B monomers are
about 0.1 to about 4.0 cc/g, an aﬁ average particle
coghaed imondh@ maregeawdrs fiti senicalout phratld talpoatucd @Olymrar. The supported

Mor.e typically, the surfac rea of the support .
trapiigst pigfaljcomphug @Cfl&ﬁ_@%albf WP F B LB bBt. 4By pe ggtivered as a
solgg()slgtor §lﬂﬁy,pé?trhgr ésle%hllé’f@y tStheRedch, 4N H-1ihE UM BROUD the reactor, or

> to about 3.5 cc/g, and the average particle size
préastivated dnel puarmgd aghin fetormtclirolittion®r slortio the 12@@ommRolymerizations are

o.nﬁ engodi rretgt t.hq surf{e\ce areﬁ?of .t he. support

cariietl e PP 10y SR ¢ RS Fahgé °6f OP?TS‘ Hbdut W 1Oy  comonomers,

catdQt/dtRk Bor/EEL8atBREE BRiMHIE kSavbichheandang@ohdlOMalfes are added
0.8 to about 3.0 cc/g, and the average particle size

contiuppsly fea piaglyaciqtenrab senesseactoraperation0o wieh thgabove components
vVar age re . si f r i al ef i n
o R RIE FDIF e R G PR gL S 8 Sl Bpponens cn

be b §¥XPo thaIfitst Bsicion it the seasg eTHaS catdl incalpoticnd thaty ltiddded to both

500A, for exanple in the range_of fromabout 75 to
reagiosutVigLaRe cropemsnt reies Sdppsotor bt eaetignyard prothergempegent to other
b ShL PS8 SR APEHELRLEN! eyl tr n
praatnca of eigper at ur e bet ween about 200C and about 500C for

ime, of about 1 toq about 12 hours, to produce an .
0@tk ramiebEaapamen PoPelymergation iy eﬁ%ﬂ&%ﬁfa@uﬁp‘aﬁm include

mdn%nﬁ?sn@afvﬁ{é Yomheho BERGHRH Mbhd JuBE aBirdhl MB AP Atoms, and for
conplex, typically at a tenperature between about 200C

cxamjle ditvout té 0@ bboratans. i Impnefendiodument Othericatatyst syisteut d@cribed herein

. hoyr.s., Thereafter .the c | yst-coptaining, . .. .

is B O PO EeR e 0 st B Py Riepgation of ethylene with at

leaBCoricVABIRAL oletkily Bbhahdrieratav ol RS 8I't8 8UdaebdIeitWME Hrafeubly 4 to 8 carbon
200C and about 500C for a tinme of about 10 m to about

atops. hBartularly wichd ueenaneaesy prsoprodulleaat dibpenes fenethyl-1-pentene, 3-
rnegi%s?-i lr-ﬁe%tene, 1-hexene, and 1-octene.

[0052] This invention further relates to:

1. A catalyst system for the polymerization or copolymerization of 1-olefins, the catalyst
system comprising a bis(imino)pyridyl complex of a transition metal on a support having an
aluminum halide and/or an alkylaluminum halide chemically or physically bonded thereto.

2. The catalyst system of paragraph 1, wherein the support has surface hydroxyl groups
which have been chemically reacted with said aluminum halide and/or alkylaluminum.

3. The catalyst system of paragraph 1 or 2, wherein the support comprises silica or alumina.
4. The catalyst system of paragraph 1, 2 or 3, wherein the support has an alkylaluminum
halide chemically or physically bonded thereto.

-17 -



10

15

20

one or each reaction step may be conducted in an
organi c solvent inert to the reagents, such as
W@ 200984825 [ 0049] Alternatively, the al um num t PEEUSH08/071940
support can be reacted with the activator prior to, or
at the sane tinme as, the reaction with the
bi s(i m no) pyridyl conplex. However, inproved results,
and in particular, polyners with narrower nolecu

ar

5. vidiegrstal vt syvte fipgrrgraphel  de Aer 4 (Wheprin dhecdlly sinym dalide has the
th SY ' [ .

o PR SYAPET L DA R AR CELBAR 1M ah Mo sroyp having from 1 1o

8 carboplaedngri or to reaction with the activator.

Po| ynerzati on Processes [ 005 The_present catal yst . .
6. sﬂ@/ SiapST G of %Pypeﬁe pﬁa[sgﬁa?ﬁ%d Bndatliratedonshgiiinnum halide
comPRYE RN AuhYndeReNBrii@ undergo net al | ocene- cat al yzed

pol ynmeri Zati on such as sol ution,slurry, gas-phase, and
7. Rihgheaprl ps systempd] apprent i preggraphs 1Ty, odidrgin e tramsitpy mctal comprises

transition netal conpounds, one or nore activators
TOUnd/ or co-catal ysts, and one or nore nononers are
8. qoBlcaGhResjstnPBLarl o PRF&ripRAtte 7S wihBrehfihk &%s(Phind fpyridyl complex is

paral |l el to produce polynmer. The supported tran5|¥|on
repigsenied by ipolonaulaact i vat or and when present,

co-catal yst, may be delivered as a solution or slurry,

either separately to the®yeactor,Ractivated in-line

just prior to the reactor)\ or p(gactivated and punped

as an activated sqjution o ry to the reactor.

Pol ynmeri zations are\carrie NN either single

react or operation, i ' r, conononers,

cat al yst/acti vator/ opt\, onal scavenger,

o oo i react or g@@ﬁ‘g—g?} ) t iona

si ngl e reactof* or
whi ch the above co are addgd to each of two or
series/ The catal yst

nore reactors conne

conmponents can be ded to\the f¥rst reactor in the
series. The catalﬂé% conpo Nay al so be added to
both reactors, with one cdnponen) being added to first
reacti on and anot her conRbnent toRéther reactors. In
one preferred enbodj nent, the precatal yst is activated

whepein M GOBEISEY aﬂfﬁn@ﬁ]@npﬁﬂ%@%ﬁr@@ o) df dpor 9 of the Periodic Table of

Elements; X is an atom or group covalently or ionically bonded to the transition metal M; T

is the oxidation state of the transition metal M and b is the valency of the atom or group X
and R' to R are independently selected from the group consisting of hydrogen, halogens,
hydrocarbyls, and substituted hydrocarbyls, provided that when any two or more of R' to R’
are hydrocarbyl or substituted hydrocarbyl, two or more can be linked to form one or more
cyclic substituents.

9. The catalyst system of paragraph 8, wherein the transition metal M is selected from the
group consisting of Fe[ll] Fe[lll], Col[I], Co[ll], Co[Ill], Mn[I], Mn[II], Mn[III], Mn[IV],
Ru[II], Ru[llT] and Ru[IV].

10. The catalyst system of any of paragraphs 1 to 7, wherein the bis(imino)pyridyl complex

is represented by the formula:
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[ 0051] Suitable nononers for polynerization using the
present catal yst systemincl ude nononers having from 2

W@ 200304552% bon at ons, such as from2 to 12 car beCI/HS290%(071940
and for exanple from2 to 8 carbon atons. In one
enbodi nent, the catal yst system descri bed herein is
used in the honopol ynerization of ethylene or the
copol yreri zati on of ethylene with at |east one
al pha- ol ef m conpnorer havi ng fR§m 3 to 8R<¥arbon at ons,
preferably 4 to 8 carbon atons. [
conononers are propyl ene, 1-buteng
4- et hyl -1 - pentene, 3- nethyl-1- 1- hexene, and
1-octene. [0052] This invqgmion further -I;hps to: 1.
A catal yst systemfor the poly -Q zati
copol yneri zati on of 1-oRéfins, th
conprising a bis(imno)pwidyl c
nmetal on a support having\an al

'nun1h:|jde and/ or an
or physiR&l 1y bonded
thereto. 2. The catal yst g par agraph 1
wherei n the support : dr oxyl groups which

have been chem cal | hed with S@id al um num hal i de
and/ or al kyl gloum t AN

par agraph 1 g? 2, W tNg%ﬁgrﬂ?es silica
or alumna. 4. The ¥ t systernfof paragraph 1, 2

or 3, wherein the sgpport\ has an Al kyl al um num hal i de
chem cally or phys{cally bpnded £hereto.5, The
cat al yst system ok’ paragrapF—E=N2, 3 or R?lmherein t he
al kyl al um num hal i de has
where X is a halide gro® and R i%=aa=4l kyl group
having from1l to 8 carbon atons. /6. The\cat al yst
system of any of paragraphg22 g 5, Wwherpin the
al kyl al umi num hal i de conprises d\et hyl

8. The catal yst system of any of/ paragr
wherein the bis(imno)pyridyl cRMplex i

;EEP 1to 7,

wherein M comprises a transition metal from Group 7, 8, or 9 of the Periodic Table of
Elements; X represents an atom or group bonded to the transition metal M; T is the oxidation
state of the transition metal M and b is the valency of the atom or group X; R', R R, R, R,
RY, R? RY, R% R®, R* R®, R, R” and R*® are independently selected from the group
consisting of hydrogen, halogens, hydrocarbyls and substituted hydrocarbyls, provided that
when any two or more of R', R?, R, R, and R” are hydrocarbyl or substituted hydrocarbyl,
two or more can be linked to form one or more cyclic substituents.

11. The catalyst system of paragraph 10, wherein the transition metal M is selected from
Fe[ll] Fe[lll], Col[l], Co[lIlI], Co[Ill], Mn[I], Mn[II], Mn[III], Mn[IV], Ru[ll], Ru[lll] and
Ru[IV].

12. The catalyst system of paragraph 10, or 11, wherein M comprises Fe[II].

13. The catalyst system of paragraph 10, 11, or 12, wherein X comprises a halide.

14. The catalyst system of paragraph 10, 11, 12, or 13, wherein X comprises chloride.
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represented by the fornula: wherein Mconprises a

transition netal fromGoup 7, 8 or 9 of the Periodic
waawbe4wds El enents; X is an atom or group covaPE&nub008671940

ionically bonded to the transition netal M T is the

oxi dation state of the transition netal Mand b is the

val ency of the atomor group X; and Rl to R7 are

i ndependent|ly sel ected fromthe group consisting of,

15n 8 Seakyst syatcayelmay dparsemhpyl &0 1anwhatibdt | RutegR ™, R, R”, R”,

2h A QﬁdRi t e ¥ HLwo por & :
R t%%gwg{rg%kglgrgg%gby or Ql%ua% ti %f&’ﬁyd?éo%ﬁ& é&%vlvollfge pendently
scloetedrirom lodrodee, dlkylkadl 4rgl.f or m one or nore cyclic
substituents. 9. The catalys stemo ar agr aphs8,
16wt lllﬁfsﬁ_éystt?r%r‘% R o PHEEEPIM P30 o1 BEEA R B (hae methyl, and
R'QROUR2EANER Blak @ d&fenbililily) de1dctldl hdrh b &f@%&l, mddBll] dnld-toly!.
[FTT], Mn[l], M[II], "Mn[IT11], I\/hill . CRu[ 1]
17 Rt kcathlyansysaf ofgny. of peragidphs ddo dbystd feytheranvloflingrayneofral or ionic
Ear agraphs 1 to 7, wherein the bis(imno)pyridyl
WPl ex is represented by the fornul a:wherein M

18C Ollmrd'a&ﬁﬁst@ $tE@NST SarRa l’ﬁ,'wﬁdr@im & Qbfvafor mRlse a Herfluorinated
t he Peri odig Tabl eﬂ ogﬂl':pl‘fnents; X represents alﬁ at o?njf

aryhpogfoup bonded to the transition metal M T is the

oSS B 4 L) MR e

triffbPalun@tn cbRathlysf22, R23, R24, R25, R26, R27 and R28
are _independently selected fromthe gr oup consi sting ,
200f Hhypar sa8hst nayssgenel Ry@eEeRr By sWANEINs ulhst icosplsdyst  comprises

trii f &, Provided that when any two or nore of
mgé{%&%%% R4, and R5 are hydrocarbyl or substituted

21 hydmethad by prodtiving arcatabysesystem (pectetablyechytad thozbovoretatyst systems of

nore cyclig substituents.. 11. The catal yst. system_of
patggraphs dnfp %82 l%%é‘}eepﬁlyﬁﬁélz%t}%ngﬁ PR YPRstiZAtIOR) ‘i"i olehns, the method

CmﬁﬁigﬁgedfromFe[ll] Fe[Il11], Co[l], Co[ll], Co[lll],
[1]7 Mh[1I], Ma[llI], Mn[IV], Ru[ll], Ru[lll] and
Ru[ (a)] . tRatinPhe soppat ysth sy shuermeh lpdida gr agphalk@laluprinum halide to

11, p%d%gtee Lu{] ale(fI?ul;rlg)-rltlriegt%a SEI)eIJollrtl; I
(b) reacting the aluminum-treated support with a bis(imino)pyridyl complex of a
transition metal; and
() reacting the aluminum-treated support with a perfluorinatedaryl borate.
22. The method of paragraph 21, wherein the reacting (c) is effected after the reacting (b).
23. The method of paragraph 21, or 22, wherein the reacting (c) is effected before the
reacting (b).
24,  The method of paragraph 21, 22, or 23, wherein the support is treated with
diethylaluminum chloride.
25. The method of any of paragraphs 21 to 25, wherein the perfluorinatedaryl borate
comprises a trityl perfluorinated phenyl borate.
26. A process for polymerizing or copolymerizing at least one a-olefin, the process
comprising contacting said at least one a-olefin under polymerization conditions with the
catalyst systems of paragraphs 1 to 20 or a catalyst system prepared by the method of
paragraphs any of 21 to 25.
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13. The catal yst system of paragraph 10, 11, or 12,
wherein X conprises a halide. 14. The catal yst system
wo@Roopasmes aph 10, 11, 12, or 13, wherein X conPCT/E8208/071940
chl oride. 15. The catal yst system of any of paragraphs
10 to 14, wherein R1, R2, R3, R23, R24, R25, R26, R27
and R28 are hydrogen, R4 and R5 are al kyl, and R19 ,
R20, R2 1 and R22 are independentl%/ sel ected from
27y 8¢ BEpsess odIPRipraph 4. whsiein spil atterst eng bpledin celppriseh cglylene.

of mha , ' a , ]
03, OFRESAUEPI3ID B0 p RNt gl of ol
comptidag ed bis(omnb)pgridglenompiekhyfl 2 amokiticl yhetallas ddseribed herein, is
atal yst system of any of paragraphs 1 to.16, and .
prefib aproliisd o2 4Pt hAYINg A g {*fiﬂvét /o g, allylaluminum

hallREcheRi @Y Dk phY AP RhdRAMRRIAPN 17, wherein the
activator conprises a perfluorinated aryl borate. 19.

[00FHE Ccalnysttigy stibmaf @nynood mearaitprbplssctibed i@y rafietknce to the
r.ther i.ncl u trial kyl al um num co-catal yst. 20.

follgy H%B?IH:I%?H d]é’ga?@ﬂf’sbf paragraph 19, wherein the

[00531 Catidl Ml cCRIRRdnSE Heldribed OBRUSY! dhdiRjlAMMoxdde, WIAO, (30 wt% in
met hod of producing a catal yst system (preferably any

tolggne) hwagabohteineat apystAbgsedes ofrighylapnipwy (23 owg6) in toluenc),

dieftl??ﬁalﬁr%f 0! L2 kL) ieg{ Jd °£%h¥q”%{ﬂo§%fe' QR Llopph ee]fq' Bdm Aldrich.
t e et hod conpri sing: )41 ea I Ng a support With an

Andldidu wiidhalwaeobedin@hframkyildalkc ahd usodnal reetgvddo  PPIRAYEECFs)4] was
an alum numtreated support; (b) reacting the
obtgngifranmiracedPadso8upport with a bis(i i no)pyridyl
| . it . > ' .
O, gl AR 0 Aol Rl FREHAG: U b ollonin
colboroatpeoto@d.in dhtaimmed fiodesftivoanagiadph 21, wherein the

[OJS%?Ct il\r)lgleggl)ar iwseig Esf n%%n%gr éa\ffetra?gre rtng ecﬁlgra %vteigrl]lg (1{4?13,'and weight average
molecular weight (Mw] and molecular weight distributions (PD or Mw/Mn) were determined
using a Waters 2000 Gel Permeation Chromatograph (GPC) equipped with a differential
refractive index (DRI) detector and calibrated with polystyrene standards. The polymer
samples were dissolved in 1,2,4-trichlorobenzene at 140 to 160°C for 1-3 hrs in a shaker
oven. The solution was then filtered through 2 micron stainless steel filter from Polymer
Labs into scintillation vials and then analyzed on the Waters 2000 GPC instrument. The
column was a Polymers Lab mixed B column with polystyrene/DVB beads and the run
temperature was 145°C. The molecular weight data are reported in g/mol, unless otherwise
noted.

Experimental — Synthesis of Bis(imino)pvridyl Complexes

[0058] 2,6 Bis[1-(2,6-dimethylphenylimine) ethyl]pyridine iron dichloride of formula
(110):
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23. The nethod of paragraph 21, or 22, wherein the
reacting (c) is effected before the reacting (b). 24.
wab@etekod of paragraph 21, 22, or 23, wher ei PCT/H82008/071940
support is treated with diethylal um num chl oride. 25.
The nethod of any of paragraphs 2 1 to 25, wherein the
perfl uorinatedaryl borate conprises a trityl
perfluorinated phenyl borag 26. A process for
pol ymeri zi ng or copol ynerf/ zing\at | east one a-ol efm
t he process conprisjng contacti Ng said at | east one
a- ol ef m under pol yneri zaw ditions with the
/1 to 20 or a catal yst
hod §f paragraphs any of 2 1
to 25.27. The procegs—of{ paragraph 26, wherein said at
| east one 1-ol efin Lonprinses et ®ene. [0053] The
cat al yst syst the pol ynerization or
copol yneri zatA on o S co ising a
i s(im rr<ransition nmet@! as
prefergbly itfbobilized on a
al umn hal i de and/or an
e chenfcally or physically bonded
I tion wd| now be nore
th referénce to the foll ow ng
non-limting Exa n the experinents
descri bed bel ow, MAO, (30 wt% in
t ol uene) was obt ai from Al beNarle. Triethylal um num
(25 wt% in toluene),? die fM num chl ori de, and
di et hyl al um num et hoxi de e /6bt ai ned from Al dri ch.

Anhydr ous t ol uene, was obta}ned fromAl drich and used
wag 8yiptaesgaed @g desepRety Grare K<yip-» W8 85¢8i ned from

[0(@’9?09-%31sff2&-t0[1| ﬁ@@n@ﬁfg%&%@zﬁgg‘é G rdﬁ%é &f formula (IV):

per f or e n- an y box oW ng
conmon protocol i aining air-sensitive materials.

descri bed he
support, havi
al kyl al um num hal
thereto. [0054] The
particul arly descri

(V)
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[ 0057] Mol ecul ar wei ghts [ nunber average nol ecul ar

wei ght (M), and wei ght average nol ecul ar wei ght (M
waedmpdeetul ar wei ght distributions (PD or Mv RE/USRENE071940

determ ned using a Waters 2000 Gel Perneation

Chr omat ogr aph (GPC) equi pped with a differenti al

refractive index (DRl) detector and cal i brated W th

pol ystyrene standards. The. pol yner sanples we

wag pgibesiged biythe metheds fqpeﬁ%mo{a FRe C&?mlw% @éoméS
Exp@finrental V' S nitResft &fs’i‘ﬁ@af si)ftts The sol ution was then

tered tnrougir 2 TT oM bldl nl ess steel filter from

[0080] v meA stradsof IathGmltfehtekilsﬂica suppar@dlveerapbdubeins follows.
@@%gg on the Waters 2000 GPC instrunment. The col um

(a {ynmers Lab mixed B col utm with pol ystyrene/ DVB

[0088RAS RBSL £4.€57 'éﬂlcﬁ%gp@rbagt {éﬁﬁlﬂ’éﬁ%‘c £66¢c) The shRE&CH! BY5 ml toluene
wei ght data are reported g/ mol, unl ess otherw se

anhoredd vERPET gﬁéADa(IAlber@tm Iﬁ@swts%oh t@usi(d) rik rm))npyamptyature for 2 hrs.

ThgRRPASSTR PRB e oV ek Blets [iata e iR herne) 6 idtiate drying in

va@nt hesl K&ﬂs antif e S NeWin nsugb&mwmmedw% iddd 8¢33.5 g of dry
0059] 2,6 bis[l-(2-tolyl phenyl i mne) ethyl] pyr| di ne

AQr/Sdivedslobtdiers. of fornmula (I1V):was synthesized by the
eported in J. Ognet. Chem, (2002), 648, p.
(b)nEﬁKExdgsgﬁu mental - Synthesis of Silica Supports [0060]
[00625€er |Iﬁ§0§JESa7|5m@1D¢HTgé1[ Qatg?@ceﬁmhwlat S0P PO tvgasveti@icd 1n 100 ml of
produced as fol |l ows MAO 757 [ 0061] | neos ES-7
tolygnejang repsted wigh 38 g st Ylﬁ@ana mgHpwoe)in fleens) .y The @éIXt}lW was stirred
t
forl%%cmr% }toelrr]ﬁ[{?%ﬁ lﬁ%ﬂ rﬁtﬁ?ec N %ltg%\’v{v%%gl}%ttgg E@Qf %ﬁs ?ﬁﬂ%\/rasﬁcfihwuh hexane
anSUME inamctdefiedl {757 ewas dbtamd ag agihasdrderfldwiag dolvh & eXg).
ﬁﬁh ane to facilitate drying in vacuo 1 to 2 hours
OIACD T ree 1 owi ng support was obtained. A yield of

[0063] 5 Anbds H8Y/5FMNRa/ B, Was QhtaliR&H at 680 “EFAbas’@drried in 30 ml of

toluene and reacted with 5 g diethylaluminum chloride for 4 hrs. The resulting solid was

collected on a glass frit, washed with hexane and dried in vacuo. DEAC-757 was obtained as
a white free-flowing solid (12.6 g).

(d) DEAIOEt-757

[0064] Incos ES-757 silica gel, 10.5 g (calcined at 600 °C) was slurried in 40 ml of
toluene and reacted with 6 g dicthylaluminum ethoxide for 4 hrs. The resulting solid was
collected on a glass frit, washed with hexane and dried in vacuo. DEAIOEt-757 was obtained
as a white free-flowing solid (11.5 g).

Catalyst Synthesis Example 1

[0065] DEAC-757 (45 g) was slurried in 300 mls of toluene and reacted with
[Ph;C][B(CgFs)4] (6 g) for 10 min at ambient temperature. Fe compound I1I (3 g) was added

and the reaction mixture stirred for 12 hr. The resulting solid was filtered and washed with
hexane and dried in vacuo. The catalyst was yellow-orange in color.

Catalyst Synthesis Example 2

[0066] DEAC-757 (2.0 g) was slurried in 30 mls of toluene and reacted with 2,6 bis[1-(2-

tolylphenylimine) ethyl]pyridine iron dichloride (0.2 g) for 10 min at ambient temperature.

_23.



10

15

20

25

30

[0062] Ineos ES-757 silica gel, 20 g (calcined at 600
0C) was slurried in 100 m of toluene and reacted with
w@00g/0soeet hyl al um num (25 wt % i n tol uene). ThRCTUK1008/€71940
was stirred for 12 hours at anbient tenperature. Solid
was collected on a glass frit, washed w th hexane and
dri ed in vacuo. Teal -757 was obtained as a white
ee-fl ovm solid (2 (c) DEAC- 757 [0063]
[Phsﬁé[@écé“s)d & IW?@at(h@@I addi& ayd the aIxesRedasaptieeh fgcp0 min.  The
e
sulﬁﬁ ycllzi{aa 3‘&%&@3 gﬂ?&%: 5 %ﬁle# ith Hﬁcaﬁ@‘%ﬁlgzﬁﬁggﬂly&chg t& ygeld a bright
orangt belidvas col | ected on a glass frit, washed with
h Xane nd,drled |n . DEAC- 757 was obtained as a
1 1 arpdivg) o) . (d) DEAl OFt - 757
[0({66864]2 6 93 - (E% c?lﬁlétlﬁ/'lﬂﬂeﬁghrﬂ e% feﬁq‘é}l]?yﬁdlﬁ@ &ofi fi&foRde (36 mg) was

was slurried uene and reacted
sluvmdd*unaognunomenyl AlgufiSMIAOeT Howadalded mnd) thermgixtuFp etirred for 2 hr. The
sul ti S | ected o | ass fri shed
catfSRhvie BB BT b ok ity st A by B 4 e "R B eotored free
ﬂoq,mgagdplgdx,@%bealﬂw te free-flowing solid ( 11.5 g).
Cata yst Synt heS| s Exanple 1 [0065] DEAC- 757 (45 9)
aflystyvinthesisFxamplo B (6 ompdratise)iene and reacted with

[On_pc]i (Efi:gllz-s(')%%ldlgl%tl%%p 38}11}1‘?191(3? Hlyﬂ@é (ﬁrg% EI%E} dlCl‘&O]il%e (36 mg) was

slu[’t@@pﬁllml’mmohieué.eTEtAU TE2f0g) s ddded Thé theasithire B@red for 2 hr. The
solid was filtered and washed with hexane and dried in
catplygiivas flfrsce grashgvithhsxapsienddried Bngeue forcbolitorA light green solid was
ob&feg! Yst Synthesis Exanple 2 [0066] DEAC 757 (2.0 g)
was slurried in 30 mis of toluene and reacted with 2,6

Cab:ilsﬁtlSvmihesixEMmMeI@(GMDﬂ)atmhyl ] pyridine iron

10o0f per st e (pr el B mine] caR G ilise e ishlgede (36 me) and

[P}%@?{E(b?ﬁsm X3 1Ufn§? Wag Bhétkd ?o%eﬂ‘h@f ir2f) Ml fblueﬁ'@%ﬁ}tp&%&t@sd TEAL-757
catalyst " was filtered, washed with hexane and dried in

(2.0@w@staddyql ehd the lmmtghtstlrred for 2 hr. The catalyst was filtered, washed with

hexane and dried in vacuo for 5 hr. A tan solid was obtained.
Catalyst Synthesis Example D (Comparative)
[0070] DEAC-757 (1.1 g) was slurried in 30 ml toluene. 2,6 Bis[1-(2,6-

dimethylphenylimine) ethyl]pyridine iron dichloride (61 mg) was added and the mixture
stirred for 2 hr. The catalyst was filtered, washed with hexane and dried in N, atmosphere
overnight. A light orange solid was obtained.

Catalyst Synthesis Example E (Comparative)

[0071] DEAIOEt-757 (1.1 g) was slurried in 30 ml toluene. 2,6 Bis[1-(2,6-

dimethylphenylimine) ethyl]pyridine iron dichloride (59 mg) was added and the mixture
stirred for 12 hrs. The blue catalyst was then heated to 90 °C for 1 hr. The blue solid was
filtered, washed with hexane and dried in N, atmosphere overnight. A blue solid was
obtained.

Catalyst Synthesis Example F (Comparative)

[0072] DEAIOEt-757 (1.0 g) was slurried in 30 ml toluene. [Ph;C][B(CsFs)s] (70 mg)

was added and the mixture stirred for 10 min. 2,6 Bis[1-(2,6-dimethylphenylimine)
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orange solid. Catalyst Synthesis Exanple A
(Conparative) [0067] 2,6

WB®PH43625 6- di net hyl phenyl i mi ne) et hyl ] pyri di nNRCT/D82908/071940
dichloride (36 ng) was slurried in 30 mMl toluene. 2 g
of SMAO 757 was added and the m xture stirred for 2
hr. The cat al yst vvas filtered washed wi th hexane and
dried in vacuo for tan colored free flow n

cthyYpyradipp &op Al R, (2mga|vxﬁ§tth@wﬁdﬁé§n§ themisire SBrreg for 2 hrs. The

S“&f@?? ??%F%Yvﬁ%sﬁéc?ﬁéﬁhﬁ%&%a.nﬁndﬁg " Nﬁytf*]"s VS e
Catiale$t| Symithisis(BtGunple GWGSomparativerl in 30 toI uene.

10055h e 18 i Rat i dg Mo ” Beat a6 Rishiiou Dhonytimine)

eth@[]?yﬁjdlh@ ‘i’rohrhlé’lﬁ&'f'& o1 tg?t wak ad&ed hl&f‘%heglregﬁfbnsﬁiitﬂevﬁﬁed for 2 hrs.
obtai ned. Catal yst esl s Exanple C (Conparative)

Thf 00l&DvagfilerBil, sfdsh¢@wih dicxmichapt dhetyl variua e yield a tan colored solid.
Po thyl] pyridine irlon di chl oride (36 ng) and
(71 ng) were reacted together in 30
[0074] t Ol RN RathBlsts3Brddubed 85 - CQ@E@@' B3hthesis OEmMBS1 agdfdle Comparative
and the mxture stirred for The catal yst was ,
Expmples ret@, F wa@r@mplmdwton@ban@za@m@neea ijohuteae aba prsssuge of 180 psi

D RO A BB Sha M) e of i

anﬁlmlﬁ folf @ﬂleEht@l@lulﬂﬂmﬁ@(llFmﬁL) ds 8 cBicafalyst/Zeabenger. Polyrnerlzatlons were
di met hyl phenylimne) ethyl]pyridine iron dichlorid

per(f@qnﬁ‘ﬁ*gl)l ahd deakss %Iﬁ%l WIW@WWW P@d\lft%‘rla‘? Elilgmeers TIBAL
fo |

Wagpﬁaerg@(% %k@gtrgngzori{belrl%%ﬁ%’r n| Ab?l gﬂt or ange so

contersts oNet@ heretl toGhE abkyisid t&ylptﬂaase andExg'tquloe vias set to 850 rprn Ethylene

(24%%%?%?& :kéi?)hg/%g 9&%@8@%{1 Enéa%r?tél_ng& 'tﬂ'ro%gho\l\lﬁ StheS lpg yrnlle%%ation The

catalyst was injected under a small amount of high pressure nitrogen. The reaction was

et The reactor

allowed to proceed for 30 min and then the autoclave was cooled and depressurized. The
polymer was transferred into a glass vessel and dried in vacuo at 70 °C for 4 hours.

[0075] The results are summarized in Table 1 and show that the supported iron complex
of Example 1 is effective in producing low weight average molecular weight (less than
50,000 g/mol) polyethylene of relatively narrow molecular weight distribution especially at

low polymerization temperatures.

TABLE 1
Catalyst | TIBAL |T,°C]| Yield, g | Cat. Activity, g Mw Mn Mw/Mn
25%, ml polymer/g cat. | (g/mol) | (g/mol)
A 0.4 80 | 57.06 5706.00 319254 22984 13.9
A 0.4 80 | 64.23 2141.00 244350 22877 10.7
B 0.4 80 | 27.33 911.00 295622 17417 17.0
B 0.4 80 | 30.02 750.50 220975 18363 12.0
B 0.4 80 | 24.27 606.75 266552 16108 16.6
C 0.4 80 6.09 203.00 86880 2522 34.0
C 0.4 80 13.82 276.40 178604 13419 13.3
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di met hyl phenyl i m ne) ethyl]pyridine iron dichloride
(59 ng) was added and the m xture stirred for
wab@olsiees cat al yst was then heated to 90 OC f oPCT/UR2008/071940
The blue solid was filtered, washed wi th hexane and

dried in N atnosphere overni ght.

12 hrs.

A blue solid was

obt ai ned. Catal yst Synthesis Exanple F (Corrpar at ive)

rnn791 DEAl OEt - 757 (1 0 g)—was slurried in
t Puene. PEh3q) [SQ(< fcl)'ﬁ] ( 7014ig§5 was d&é%@ an d13c4|88 11.7
5 rTe Of 25
E)%mgd%ﬁ 84d| rret7|r(1)yl p%enyl [ m n%%}je'(%qulj pyrl 8| ne | r6%1r16 33
Exting/ié Of lde.4( 23 mp) |wesi2 hen agghegh and t 5201 Xt USE89 3.5
stirred for 2 hrs |The solid was filtlered, washed wit
Extexdnre | an8-4dri ed0i M-é?m)sphbidembver ni PO Cat af st 9.0
Synthests Exanpte G Cogparat FOO7 3L SMAG-T757 (2710
Eﬁ%np\}\eag sl urried 8F)n 3E)'I"7n$ ol uiene 2,8 J8322_i 2011 4.1
big[l-(2-pal yl pyenyl ioeme) et kglgopyr i|diingsdx dn 16121 8.2
dichl oride ((’) 1 n) vwas added and the reaction m xturd
stErred f8r4 2 hréd. | TRe8Gs ol i d \&ﬁé)ofi | t rlééloﬂlvash%o@/vit 14.9
il alre] dall UII ] il U I
ol id. py r ;%’Qti ;ﬁ‘ga pl egélq:%%om °'$|5nl‘48 P %ﬁ S 18.3
prpduc=d o Cat doyst 2opyat hesi s148@nplle 1heznd | 5286 20.2
Comparative Exanples A tolF were enplioyed to

polynerlze ethylene in isobutene at a pressure of 180
PoRS 1 1 Pa 8L a tenperature of 700C or 800C for 30
' esence of varying anmounts of

[0076] | SOtHet piloadsdd mmmymgﬂlﬁﬁbh B&ndle 1 was repeated but using the catalysts
co-cat al yst/ scavenger. nmerizations were perfornmed

prqdyced in GatalyiSynthssis @txaﬂ@ple sl epRarptareUwetle Od by

ocl r e
380 A SR 6Pl SR GO A RGHE g e cu o
Cabilysn KetithesThExarajsle Q(pTocb.m:BS epblycthgteac hethtadotvoMinikeln in comparison to

desired tenperature apnd agitation was set to 850 r

pm
thaEtmg,qh@ﬁg t(y E,ast@lystlg §om;pg§at1\xﬁsE>iam % Ce\yaér{aaterlals or low Mw
mafBlald dhdheds ttﬂé’seuﬁﬁlplﬁtse iR einEOonrﬁﬁlréh&?st 'f&nexa-ﬁli}ﬁe C8L 3h¥She used as
was | njected under a snmall anmpbunt of high pressure
manrdmangmwfurtmhepquaamzaonnmas al l owed to proceed for 30
m n and then the autocl aveTme]EQo' ed and
depressurized. The

Catalyst T,°C | Yield, | Cat. Activity, Mw Mn Mw/Mn
g g polymer/g (g/mol) | (g/mol)
cat.
G 80 82.24 1644 .80 12043 592 20.3
G 65 57.59 1151.80 36566 1014 36.0
Example 2 70 7.80 76.00 566 258 2.2

[0078]

particular embodiments, those of ordinary skill in the art will appreciate that the invention

While the present invention has been described and illustrated by reference to

lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of
the present invention. 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. The term "comprising” is considered synonymous with the term

"including" for purposes of Australian law.
-26 -
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pol ynmer was transferred into a glass vessel and dried
in vacuo at 70 OC for 4 hours. [0075] The results are

waevrasiozed in Table 1 and show that the suppoP@BEUS1008/671940

conpl ex of Exanple 1 is effective in producing |ow
wei ght average nol ecul ar wei ght (less than 50, 000
g/ mol ) polyethylene of relatively narrow nol ecul ar

wei ght distribution especially at | ow polynerization
ClyAhy

dratures. TABLE 1Pol yneri zation Exanple 2 [0076]

Wﬂ%ﬁ%cﬁ%ﬁ%Qi? of Pol ynerization Exanple 1 was repeated

1.

-pre

using the catal ysts produced in Catal yst Synthesis
Ex adptaeal Pst apder@domptae ab lynwerExt@ompbrecofolyn@diZzatjonldtel -olefins, the catalyst
results are summarized .in Tq?le 2 ?nd enonstrate tQat
t he SEAER| SPEPTISNECh PR ERCIBYRIIH ol e ghp | EANSItGR JHfaken @ support
a paLvigt AY laARSinWnt A 1iRALA@WE MV D ol In i OAPRIS %Hetﬁféaﬂ{;@% physically
produced by the catal yst of Conparative Exanple G X
mat épndddshgretol ow Mv mat erial s such as these find use
in ink forrmulations for exanple, or may be used as
macromers in further polynerizations. TABLE 2 [0078]

Wi lnge tdamlyae @5aah dMyIemt i10RvHASH RBE BusiRSC haPadfRB thydroxyl groups

illustrated by reference to particul ar enbodi nents,

t hos@idf lwvgi rheey skemicalln wénstedr t with | saidpplegingme halide  and/or

tha%m?ﬂﬁm%ﬂﬁﬁftion l ends itself to variations not

necessarily 1l'lustrated herein. For this reason, then,

ref erence should be nade solely to the appended cl ai ns

forgggrposes of determning the true scope of the . )
ALRewsieare! cims d g dnBReids sepnosromg isphsiBgaor alumina.

i ncorporated by reference herein, including any

priority docunments and/or testing procedures to the

. ext @ht chtabyt ayseermof claneeris2sirehtwhwreih thdsgppoetxiias ahhdkylaluminum

term "conpri.sing" |s.consider synonymus wWi.th the .
ter ﬁ%ljlcfer&%@a@%-éw Poigilp e e Nt B A byl has
Whathd forfmufl ABLR 8¢ AIXR, where X is a halide group and R is an alkyl group

having from 1 to 8 carbon atoms.

The catalyst system of any of claims 1 to 4, wherein the alkylaluminum halide

comprises diethylaluminum chloride.

The catalyst system of any of claims 1 to 5, wherein the bis(imino)pyridyl complex is

represented by the formula:
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1. A catalyst systemfor the polynerization or
copol yneri zation of 1-olefins, the catal yst system

W@ 9po#sesig a bi s(imno)pyridyl conplex of a tPEREB1008071940

nmetal on a support having an al um num hal i de and/or an
al kyl al umi num hal i de chem cally or physically bonded
thereto. 2. The catal yst systemof claiml, mherein

t he support has surface hydroxyl groups_ which hav
beeiherahbeamprises aéltaeﬁtlml fetad Ajog Qrenn hifreTHaeh ta@ Beriodic Table of

andieQl, g \/\%& %!aﬂ'yt(ﬁr“ -Eg%l&ﬁ%%ryl%ﬁlcé fﬁ&@e@ to fHe@aBition metal
1 or él,l ereln the Sép rt conprises silica or
al uM;rRis the oXhlaticabtatcydiths mm@mmjﬁletal M amd 4 s theomlcBey of the atom

wherein th rt an al k
cheff Itg’éﬂulpy oﬁmg%?stfb cRah?f?r)? 186qmgéeq?lp{e§eméqc &ﬁ‘@ tg? ey consisting of
\ilh Kyl @by, rHé[BgEﬁ‘é IHd8rdR@Dylsh @nci Qﬁ%ﬂ{lﬁecﬁh}fﬁr&a%ylél ptbvided that when

ere XIs a aI|d group and Ris an al kyl group
hav iemgtwe onmbre of B' ek ban hatimesrbybor Sibetituteddiyglsscarbyl, two or more

syst a of 1to 4, wher
o7 k9F D Biniih i B o maf i n b
chloride. 6. The catal yst systemof any of clains 1 to
5, wherein the biz§|n1no)pyr|dyl conplex is

gryrahelaamat dp ¢ whiicaoip bis§ieging)pyridyl complex is
transiti Goup 7, 8 or 9 of the Periodic
Tab?%w&%%%ﬁ%ﬁgﬁ% n5&g}s an atom or group covalently or
ionically bonded to the transigoon netalgM T is the
oxi dation state of the transitid netallﬁ and b is the
val ency of the atomor group X; and R1/to R7 are

hydr ogen, hal ogens, hydrochbyl and s¥bstit uted

hydrocarbyl s, provided thdt N\any twyor Hore of RL
to R7 are hydrocarbyl or4substitdied hydrocarbyl, two
or nore of Rl to R7 can [ .
cyclic substituents. The xatalys of any of
clains 1 to 6, =S (\y M

_N\ R?!
RS
RZZ R23
RZS R24

wherein M comprises a transition metal from Group 7, 8, or 9 of the Periodic Table of
Elements; X represents an atom or group bonded to the transition metal M; T is the
oxidation state of the transition metal M and b is the valency of the atom or group X;

R, R% R, RY R°, RY, R®, R?!, R”, R”, R* R”, R?®, R” and R*® are independently
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represented by the fornula: wherein Mconprises a
transition netal fromGoup 7, 8, or 9 of the Periodic
waapwbe4wes El enents; X represents an atom or grBCpUS2008/071940
bonded to the transition netal M T is the oxidation
state of the transition netal Mand b is the val ency
of the atomor group X; RlL, R2, R3, R4, R5, R19, R20,
R2 1, R22, R23, R24, R25, R26, R27 and R28 are
i ndefesietnoYs dice P OB ofr BYYOR@hs hdlpgag, diydrocarbyls and
hyd
e ae o] B RAERG Ly MOTREFUY WRoRRM BUTSE I SER R, R, RY and
R1, RR2re mrodaabyl andutRGtackhydroeaniods thdl oranosuwas bi tlinkedito form one
hydr ocar byl ,. t nore can be linked to formone or
nnr@r€V81%@h§§§@WPFB§nts 8. The catal yst system of
claims 6 or 7, wherein the transition netal Mis
selected fromFe[ll] Fe[lll], Co[l], Co[lI], Co[lllI],
8. Mn[ The cifalyist §ystchmpf ¢1H1]r1,1.s dvbf ¥ \vherBm| the frangRugr foefal dheb selected from

aneFElH ToUuBERAE oL G S Phafin s Banfuus wylfmpypn. Rurmm

C|ahﬂ§RﬁPV?, or 8, mherein X conprises a halide
preferably chloride and wherein Rl, R2, R3, R23, R24,
R25, R26, R27 and R28 are hydrogen, R4 and R are

0. 7 onthsArastwsieh of AT, R BT RRSPRIGSIL, PRYACt o

system of any of clains 1 to 10, and further |ncluding
a neutral or ionic actlvator preferabL% a . )
10per lhasatahat swiar Al damate,’, i SYhorgip thsPMPHisgsudihAkidea preferably

tri 4 B pr gise 7
L R R IR RO oF i R oo hvdrogen, R and

cat &'yt amtmah RSr 8%t Riblayid &7Y aof itdeperalboie sdad:tadl yioin hydrogen,

syst claims 1 to 11) for the polymerization or
cop@ﬁ&ﬁépgfﬁ@lon of olefins, the method conpri sing:

(a) treating a support with an al um num halide or an
al kyl al um num halide to
11. The catalyst system of any of claims 1 to 10, and further including a neutral or ionic

activator, preferably a perfluorinated aryl borate, and/or further including a

trialkylaluminum co-catalyst, preferably triisobutylaluminum.

12. A method of producing a catalyst system (preferably any of the above catalyst
systems of claims 1 to 11) for the polymerization or copolymerization of olefins, the
method comprising:

(a) treating a support with an aluminum halide or an alkylaluminum halide to
produce an aluminum-treated support;

(b) reacting the aluminum-treated support with a bis(imino)pyridyl complex of a
transition metal; and

() reacting the aluminum-treated support with a perfluorinated aryl borate.

13. The method of claim 12, wherein reacting (c) is effected after the reacting (b), or

wherein reacting (c) is effected before the reacting (b).
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produce an alum numtreated support; (b) reacting the
al um numtreated support with a bis(imno)pyridyl
W@ vphese2df a transition netal; and (c) reactiPQr/Uk®08/071940

alum numtreated support with a perfluorinated aryl

borate. 13. The nethod of claim 12, wherein reacting

(c) is effected after the reacting (b), or mherein

reactlng (c) is effected before the reacting (b) A

14pr oée9B0crer FoPYBETIZINA P oFOPOERRATAHE RiziGRgt QB |0e<al§ﬁn the process

one r

" eagfBGhEboltnR RERSCAPERLL IR, GG A PHZERh Cofitons with

t he tizatasd yss by ssarsd @ﬁmragrapiﬂrlag rldpis chtalyst dystadi peepared by the method

cat aI SI Sys prepared by the nmethod of clainms 12 or
am‘}ﬂhgz‘ﬁfr cess of claim 14, wherein said at |east

one 1 ol efin conprises ethyl ene.

15. The process of claim 14, wherein said at least one 1-olefin comprises ethylene.
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