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FI ELD OF THE I NVENTION [0001] This invention relates to olefin
pol yneri zati oV OCAYArP&t s, their synthesis and use. BACKERBYNEYO#E HAE

| NVENTI ON [ 0002] A | arge variety of processes and catal ysts exist for the
honmopol yneri zati on or 10 copol yneri zati on of olefins. For sone
applications, it is desirable for the polyolefin product to have a | ow
wei ght aver age ODEEINPOLYMEBIATI@GNCATanYSOSODAEHR SYINTHESISI AeD WER h a
relatively narrow and control |l abl e nol ecul ar wei ght distribution, since

such pol ymrﬁﬁ@m‘end he | .ecul i ght LLDPE cont ai ni ng
hexane or ot he O&nﬁﬁh%‘l%”g‘ Bl“”e#:g%lewnf)ﬂv[eﬁ/\e%ced i npact strength,
hi gh environnental stress crack resistance 15and good processing
characterist iEIsELQ OCOBHINAVENTIMN Zi egl er-Natta catal ysts systens conpri se

ypi cally pr dNEE poftoarina FrERloGHYAE PaliieRt fal G e et e o

relatively brwad nol ecul ar wei ght distribution. [0004] More recently

met al | ocene '§ evel oped wherein the 20 transition
net al corrpoucl@l kYﬁ{ Xp.6 S di enyl, indenyl or fluorenyl ring
| i gands (typiléed2]y tANtba)rge Meicol cbchrecrwsecancab@tslystsgoesttehmt,hevkﬂomnpcﬂyahd:r\‘/zaﬁcﬁdowvi th

cocat al St ggﬁ};menza?‘ on Gprpo%e%s Féarrsgmeea ﬁgt}o\r/lse 1tt 1Ou 51ralylg?or tlhe po@%ﬂgﬁe l?flé{?t r OW

pol yol efins h range of av ge nole
nol ecul ar weitg Ihtaveda Btwr whighti ayaragd—bmlemdar wehgte (teswr et S(MQOggtnoa\cemaged mithecul ar

wei ghts for 985HR a?r)c;\gvraﬁag nltlttolllgor?e %00¥ grl é%%dgglbum n§ 6‘6 Suahn%(ﬁymﬁ‘vbfr St{?

catal yst are genera e rang
met al | ocene déndédywitls hfghequelatular vmugh‘t éJLD‘l’tEmmnamnlgrmeaneofr cxﬂhes admammwgqee for

exanpl e, hig rofate {)ltel!l I\L1¥h %I%an lilrlhl gclt%ren\/\@xe rpn Se%\gerYI\i'n;[eQ aﬁs PJJP Ergélg[ resr\étance
avai | abl e nononers, I’ ‘uen Pocess gas EStTeans, S | ar ge
guantities ofandaXMrpsace@nalctJmamee to achi eve high acti vi ty, and

difficulties (ﬂ)3PUt tT‘l IOBQGZng%I ﬂa}/tg tcat%lybté %%/b%m§ léé)r%ﬂj& %rrgctal comy

30[ 0005] Ther 'S there ore sig eve o I ng new Olf al yst
systens for tcheathlymoplst ymrehmzlatm @lkybbutctypml&b’mlodmtpmle(ﬂhb of efghn&olc@m%] I n
1998 two sep r d that

bi s(i mi no) py?{ g‘{}f g?icga‘%l@i%% rgi;%‘g‘%u Q%hprgg]?cgg} L”%‘Eﬁtéﬁfe‘%“l\’l:‘b( Me) | 2C5H3N} FeCl2
can be WD 2(DQIQ/‘IMS@%@@Eﬁﬁﬂ@Z@%M@?ﬂ@d@almmmmﬂ!&w tichn rde‘teﬂgpbalwdmxaﬁle

(MY o9 o Lot 5 v N EnE ROV pgob i, oo
al ., Chem Cheandn _(ty]ng_cglggyp) g ¢gallocene 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
25  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
strcams, the need to usc large quantitics of cxpensive alumoxanes to achicve high activity,
and difficulties in putting the catalyst on to a suitable support.
30 [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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[0007] U.S. Patent No. 6,451,939 discloses catal yst systens for the

pol yneri zati on or 5copol yneri zation of 1-olefins which contain
nitrogen-containing transition netal conpounds conprising the skeletal unit
depicted in tWQZP(B’gI"t?ﬁ ng formul a: R6R7 wherein Mis Fe[lRVEI*col1],
Cori], Co[lIIl], Mi[I], Mn[IlI], Ma[IIIl], Ma[IV], Ru[ll], Ru[lll] or Ru[lV]

X is an atomor group covalently or ionically bonded to the transition 10
metal M T is the oxidation state of the transition metal Mand b is the
val ency of t hetigitainwith rgethiigunoxaani@RIO)t0 fvduas dightyd epieadetnlykty fsekibgied

het or onydr acar T GRLES: Bt St &b ohylcEkrby e PRd T PAniei B Gbba

conpound of thiitsvéebemll @r@aldobewunis9ppesd.ed or supported on a support

terial, f | ilica, .alumna, i rconi |
prepol ymer . {0 arkgbe e &) SRUPEhabe st SHE VR anaemofor 381 Joliptrater, Pene)
[ 0008] 1 n atldi dobaipmeritaton dtalt-elefins Agyiihi coahinaritdaibkocating raiNdion 2003 QAQARR0

(equivalent to WD.01/23 di scloses .a nitrogen containing transition
metal conpl excoﬁlgﬁ’“ﬁ%(hfs S0 ot ST SER R kSR G800 05! 07 040 RoBRRS
wherein Mis Fe[ll], Fe[111], Co[I],rCo[H, Co[llI], MI[I], MI[II],
Wn[I11], WMn[IV], Ru[ll], Ru[lll] or [1V]; Xrepresents an atom or group
bonded to the transition netal M T IS th_o&idation state of the
transition nmetal Mand b is tHh& val enc Npe atomor group X, R, R2,
5R3, R4, R5, R19, R20, R21, R22\ R23, /R24, , R26, R27 and -28

tc. are independently selected f dr ogen, \nal ogen, hydrocarbyl,
substituted hydrocarbyl, heteroydrocat byl or bstituted

het er ohydr ocar byl ; provid MOrdT60XRI, R2, R3, R4,
and R5 are hydrocarbyl, substit het er ohydr ocar byl or
substituted heterohydrocarbyl, be linked to formone or
nore cyclic substituents, and R4 and

wherein M is Fe[ll] Fe[lll], Co[l], Co[Il], Co[lll], Mn[I], Mn[II], Mn[III], Mn[IV], Ru[II],
Ru[lll] or Ru[lIV]; X is an atom or group covalently or ionically bonded to the transition
10 mectal 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 hydrogen, halogen, hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl or substituted 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
15 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:



10 R5 is a hydrocarbyl group having at |east two carbon atons. The
transition metal conplex of this fornula can be unsupported or supported on
a support material, for exanple, silica, alumna, MyCl2 or zirconia, or on
a pol ymer or DPSSBI%NAEY . for exanple pol yet hyl ene, polyd?86§ﬁgﬁ8“9“

pol ystyrene, or poly(am nostyrene), and can be used in an olefin

pol yneri zation catal yst system 15[ 0009] Al t hough bi s(i m no) pyri dyl
transition nmetal conpl exes have been shown to be highly active ethyl ene

pol ynmeri zati on catal ysts when activated w RE® MND(HR@ven sonre WO

2009/ 045625PCT/ US2008/ 071940 al um num al kyl
pol yethyl ene with a broad nol ecul ar wei ght di Hout i on mhen run as a
honogeneous (unsupported) system Moreover, N tenpts to enpl oy
supported bis(imno)pyridyl transitionre G frave only resulted
in further broadening of the polyner gDIecuI‘ ht distribution. There
is therefore a need to 5 devel op cakal ysts 5 whi ch contain supported
bi s(i m no)pyridyl transition netal co Wi ch are effective in
produci ng pol yolefins with a natrower | ar weigght distribution.
1001011 n Journal of Catalysis, , 1Q1-110, Zheng et al. report
that the nodification of bis(im idyl ligands by the introduction of
reacti ve ethoxysilane or Si- allows the ligands to be

i mobi lized on silica by dRr? on reapHer—of>tMETR{TMORYSI | ane or Si-Cl
groups with silanol groups on t '//ca suiggée. Conpl exati on of the
supported ligands with FeCl2. 4H2 aid to fproduce silica-supported
Fe(l1) precatal ysts, which exhi ~actiqity for ethylene

pol ymerization in the pr esencerdf nodi bnethylauﬁhnxane (NMM(» ~In one
case, using the precatal yst obtained
bi s(i mi no)pyridyl |igands, polymerizRBtion prQgueed polyethylene havi ng a
wei ght - aver aged nol ecul ar wei ght of 50. 1x104 and a uni nodal nol ecul ar
wei ght distribution with a relatively Ri’gh iR%y index of 9.7.
[0011] In Journal o f Mol ecular Catalysis A \ 260 (2006), 135-143,
Huang et al. report that ethyl ene pol ynerizaptoens(carried out wth various
bi s(i m no) pyridyl iron, 20 chrom um and vangdi um cpnpl exes i nmobilized on a
support of the type MyCl2/ AIR11(OR)3_ " gaypspol yetiyl ene of relatively
broad nol ecul ar meight di stribution, but high nolecular weight, in the case
of the iron @ﬂm@hem is e} gEeyiel ] aCo[Bl §oMidr €M JmeinEE WNGEIT ], VMn[gm]t MA[I8A]y Rigug,i on

(2006) . 775- Fabt S MOFPER ThERAR Sitont Ol Fobrd B3 Rpesio e LS e 20"

obt ai ned by bhﬂmkhammaﬁwmeaﬁsmbmhmmh&hmﬁbaimwgﬂkﬁybfﬁﬁcmﬁﬁﬁ}gﬁmpX?@tRﬂor 4

hours are .effecti ye fior, i bal | 9 zﬂO gidyl , Fe d Ni "

conpl exes> WK eﬁit él{ésul P‘ g éﬁf r86d¥E8“@8%§6thﬁ4ﬁ9%

et hyl ene i n thhdogmesdoge, hﬁhMmﬂsthUﬂmhaﬂmWMnﬂﬂwaﬁwmnmy&a@ﬁwlothﬂmnmmd

pol yet hyl ene i bi.t ed ver a ed 3 i ght_det ween
44 and 90x10£&mfﬁ%f°“mﬁ¥d”°“@%%ﬁ%arﬁﬁg. “Var's rTEldn be Mggﬁ%§d5 35 and
2.87. In the hszdace@rhyﬂ iuhgmnteabhydromyexl&&,ro}@ﬂfmydtrbyieorpmlbymed iletbliohj?tlrd)d’arktyhe
presence of tricth activator du et h ne ts
bbb ting. a el gt SURTDBE AT utsa o SLRCPEBhe 6 SR PER

wei ght béﬂweéﬁm&gmaNMmﬁwxmﬁ@I@%anﬂamdm&cmﬁbeamhmxTM@M@&ﬁmﬂhﬁ&&thﬁhmnf

bet ween 11.7

tha§1gorr%ola 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.

15 [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
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[0013] It has now been found that supports, such as silica, having an

al um num hal i de and/ or an al kyl al um num halide chem cally or physically
bonded thereto are effective in 5 imobilizing bis(imno)pyridyl
transition meP20¥@Pexes and that the resultant supporB@@e¥spligies, when
conbined with an activator, such as a perfluorinatedaryl borate, and
optionally an trial kylalum num co-catal yst, are effective in polynerizing
a-ol efins, such as ethylene. In particular, with suitable selection of the

ligand structupfingh $IRE @oERIRK, tﬁepq)r&a@@%ty@cdymt At St Bro&@ MoRRuMS dighP
produce pol yn&rs of | ow wei ght average nol ecul ar wei ght 10conbined with a
al

relatively n ?tawtwm@é{arlalrdswéioaﬁsena?%t(wmm%@ syWO@i et AIRVENT ON

[ 0014] Accor di éiﬁbl&}os@*%ﬁtea%R@ﬁﬁno)ﬁyﬁ@ylﬂf&ﬁﬁﬁéﬁ mbtAV@RHIcRE: Haft 8818 PeshiRdan Gathal VSt
system for the nmerization or copalynerization of a-olefins, the

catal yst syst@ﬁfdewﬁér% <heh golymey; @ekeﬁqlﬁovwaft. B Uighm | Biereor therefosmnainephp

netal i mmodi | detedp Odataa/s@ug@@mts Jﬂ@qwl N@n@f &ﬁ%bm Bmmnn@?]pyﬁ@ylaﬂﬁﬂsgfonaﬁctal
al kyl al um num hal i em cal | physi cally bonded thereto. [0015] In one

enbodi nent, t‘f‘?glpéeﬂif)’pﬁ?‘{] Wik g el hwmwvg gelsepansitR B REsPR Chaetfeular
chem cal ly reaggediswithiiorsai d al um num hal i de and/ or al kyl al um num
Conveni ent | yn[lﬂhﬂﬁn support co [ 0016] Conveni ently,

Frpnses silica or alum Z;

the al kyl al u hali- @8 Hag 1Gelyser maft L2 W00% Bl VaiZkees Ghat ée%t $haj dhey

hal i de group rﬁtﬁtgﬁdatllﬁtsoﬂfls(ﬁhkb’)byr@ﬁﬂﬁ@ngﬁw e lftltfoa?rat@b@ﬂtcaitgbgt@b@uﬁnc&lw bon

at ons, | et | al um num ¢ oride n.one e odl nen e

bi s(i m nofdf)yr IR gty A el@ﬁ? teﬁféﬁlm[ag? w]fmr Yliga Wﬁgcmlf?ﬁ?tgnﬁl?)the o)

(23:)09/ 045625ngdogﬁﬁ@@émm%uwaﬁﬁbﬂhnﬁd gr@mg rdn&&Ssﬂ@catbﬁﬁﬂﬁ,l tdoaiplonmical of fiticom
oups 7 to of t Peri o uch as F

Co[ 11 Gol L1 JSReBET Ees R HECHRATED 1 i SSHE PIORYSe Ao e P, PRI or

Rul | \/] Xis Vﬂﬂch'iteﬂﬂ'blorhlgf attfyitg ofeal ceytdny pﬁlyﬂldﬂ1ﬂatm| Iny theopdedcd of thalifidl
t he transitian tal M and

transition nmet |dt|on st at e. of

b P00t he vl drdtdfmgy® MEaBK' SRS S ot are R En Yy
sel ect ed fsr orattoyghilagenodifial Q)Qs@ﬁ],lﬂOWﬁ(]lC&Qh‘ML,, pépdersddiat ipkadued Pygegatcbyl |
provi ded t hat, when

p v 9ed Ll hen S, 0,26 8 G,1 Bh L0 B B SHESSH B ot
cyclic subs tWelghMMSutlo]nGz{ﬂQh&}aﬁm;amgt ﬁtﬁydl@aﬁmﬁilnﬁemm?t he bi s(im no)pyri dyl
complex is r ?Rdﬁfeml our. I¥al ﬁ%oiegullaltroalcvziz‘ar})%isfﬁré'}z.lélrlrl%clﬂ, Eé(? ('2006), 135-143, Huang et al.
report that ethylenc polymerizations carried out with various bis(imino)pyridyl iron,
20 chromium and vanadium complexes immobilized on a support of the type MgCl,/AIR,(OR);.
» 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
25  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
30 235 and 2.87. In the case of the iron complexes, ethylene polymerization in the presence of

triethylaluminum as activator produced polyethylene products cxhibiting a weight-averaged



wherein M conprises a transition netal from Goups 7 to 9 of the Periodic
Tabl e of Elenents, such as Fe[ll], Fe[lll], Co[l], Co[ll], Co[lll], MI[I],
1] or Ru[IV]; X represents an atom

M[I1], l\/h[lll@], l\/h[lg, 15Ru[ 1], Ru[l

or group bond®®¥H¢¥& transition netal M T is the oxi RETVERWEHHIL of the
transition netal Mand b is the valency of the atomor group X, WO

2009/ 045625PCT/ US2008/ 071940 RI, R2, R3, R4, R5, R19, R20, R21, R22, R23,
R24, R25, R26, R27 and K-28

are i ndependembleyulseleatit Bewbdnomahy d1:agegmohaldages cculy deREAdiRMbutiodBEtween
substituted hgldﬂoc rbyl, provided that when any two or nore of RI, R2, RS,
R4, and R5 are™ W&gcar byl or substituted hydrocarbyl, two or nore can be

linked to formwotms)e O hadhdy Be}éﬁlfblﬁldlstgﬂhs;ﬁjbﬁobt@rkt@ ?fﬁﬂﬁﬁgﬂx@%gé&ﬁmrﬁﬁh&mah&é
%ggp r IRZES 53[56%1%%728%1( %ﬁ%gg@gli%{:ﬁa{egg@ﬂ}? Sﬁg%ﬁ}l’s?c?&)y bgndegrtflereetb arRe éffq%%ig_%gl?) i?22
ar e i ndependeiftnhopilE@lgatd@dnd)p@ityhy i tige metad biiplexc® 3P ablhk YR WhppoAdd
aryl, especi al Igé tolyl. 100201Conyeni ent | Y t he catal yst Séaét em al so
conprises at {OBREFond el PPPRES M sty RCRE0L e & 1A ATHIHHEERrAr Weratiorist e.

[ 0021] Accor di spgiotiadly anfililk NG imASHEDtcatalyBE 2Rl EReile ih PYBHkHHRy (RIS SubtPasd

met hod of producing a catalyst systemfor th | ymeri zation or

copol yneri zat5 on"6f I%Ipéf?lf'ﬂg’),’/ Wftﬁesxﬁaé’?%ﬁl“ le‘rr?)f(retlhgl?lﬁ%‘d structure of the popuplgx, dhet j ng
a support wi tdupsitcadbataty s babicdeo podian pallykyils aF 1ok widight Aadrhddendl@upf GidEe
15an al um humtreat ed support b), reacting.the alum numtreated
suppor t vn\}dtqh Cgm%}ngcﬁfvg{l%#%VW&?I”%W%F@(%efé’édltg‘%gﬁtéqnti on netal; and

(c) reacting SUMVRARNONIIHE ISVENTIONpport with a perfluorinated aryl

borate. 1002 venjently, the reactin c) is effected after the_reacting
(b), but al tég"@] i v Cfforﬂ‘é‘g ﬁ"eo‘}eeae%%cﬁﬁ‘& Itfgsf‘gtdﬁ‘f?“ﬁ% @Iafeéé“t BEIHET Sysen fg the
reacting (b).po[y@@23iton yetcopolfmieriziim asp@ckfing e peg@nt systame rbmprkidgelat es
to a process bfis(aiqnilpo%l)%ﬁ?lr Icgr}q;lgx of a transition metal immobilized on a support having an

15 aluminum halide and/or an alkylaluminum halide chemically or physically bonded thereto.
[0015] In one embodiment, the support has surface hydroxyl groups which have been
chemically reacted with said aluminum halide and/or alkylaluminum. Conveniently, the
support comprises silica or alumina.

[0016] Conveniently, the alkylaluminum halide has the formula AIX5R or AIXR, where

20 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 (1):

@)




or copolynerizing at |east one a-olefin, especially ethylene, the process
conprising contacting said at |east one a-ol efin under polynerization
conditions with a catal yst system conprising (a) a bis(imno)pyridyl
conpl ex of a WOAYHIHNH netal i mobilized on a support RETHEGOET184M

al um num hal i de and/or an al kyl al um num halide chem cally or physically
bonded thereto and (b) at |east one activator. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0024] As used herein, the new nunbering schenme for the Periodic
Tabl e of Elenents is used as published in CHEM CAL AND ENG NEERI NG NEWS
1985, 6 3 (5),, 27. 30[0025] The ternms "i ndependent]y represent" and
"independentlv‘gﬁPééﬂeﬁmﬁﬁbnt“&Pémﬂ§8ﬁ”h@WEﬁH°H@ { 0 %c 8t &het Pratodichable of
desi gnat ed groWRsnts, Suéh as RYTAMY[IRE.cABRNCHEN] dentj o108 mdirf Mvedant mMn
2009/045625PCT/U82008/07lg%b?[0%§%]Agﬂusgﬁlhegeln the {€$£1 capa WMP
systent is i nfdHaetttly etdiVl o & EorpBsit e £vafentlys o inmiaile berfdeérte ﬂtf‘sed
to initiate pelnyes méal MOM.is tho WsidatidhestdiesMhe eetba;by%tct&mt@m lgmﬁz\/wﬂldﬂ@}l' bde
the transition netal |i and cgqylex of the |nve&' n al one or th

conbi nati on of° £{°4hsj g‘iotil?t e dand® delvpndsotyniglegisd diom utregen. W"%eﬁt s
respect, the HyafodurbACind\absbiutedihgdidSesl 1 3iréyid0a it @h@rpdﬁp%)@dr hédbf RNGIREARES

the rate at i.,ch e transitio tal |1igand conpl pol yneri zes ol efin
mononer s andﬂg’firoéarggr?ﬁé‘tﬁ’ﬁﬁ“tﬂﬂh¥£%f b0 PHEOTH G eRE Ik ‘ﬁé‘i"ﬁ’rﬂ“e Of BgFeeEClist

branchi ng, coaBmiaRBE. content or ot her propertles of the resultant pol yner.
of t venti on al.s ude ot her conponents,

The catal em
such as a sup@%ﬁ Ko lsrini €"I‘Eh%m gt ﬁh%”&?‘é‘t r‘% HORIPD EarBifrenisddbe 41 and
"hydr ocar byl faneups ﬁﬂﬁﬂaa@ed 10 |nterchangeably t hroughout this docunent.

Li kewi se the terns "group,” "radical," and "suQetltuent" are al so used
|nterchangeably in this docunent. ForR ourpose~ of this disclosure,
"hydrocarbyl radical" is defined to be W radycal, which contains hydrogen

atons and up to 100 carbon atons and whj Yy be | i near, branched, or
cyclic, and when cyclic, aromatic_gr ngn-aro atic. 2615[0028]Subst|tuted
hydrocar byl radicals are radi cal sRin ca&t one hydr ogen at om has
been substituted with at | east whe func\\i onadf group such as hal ogen (e.g.

F, d, Br, 1), hal ogen-contai ni CFA NH2, NR*2, OH, OR*, SeR*
TeR*, PR*2, A5SR*2, SbF#Z,R‘ '3, SnR*3, PbR*; and the |ike

or where at |east one non- t om or 'group has been inserted
within the hydntarbyl radicsl aégi, -S, 20 -Se-, -Tc-, -N(R¥)-

=N-, -P(R*)-, =P-, -As(R*)- -, =Sb-, -B(R*)-, =B-, -

Si(R)2-, -C(R)2-, 580 R Li ke, mherﬂ)FF is

i R ocar byl ?gﬂﬁ aﬁ» and two or nore R* may

ed or substituted saturated, partially
pol ychdclic ring structure. 25[0029] The

r tQ an arogatic substituent which may be

join together to forma substi
unsaturated or aronatic cygli

a

R22 R23

st R24

wherein M compriscs a transition metal from Groups 7 to 9 of the Periodic Table of
Elements, such as Fe[ll], Fe[lll], Co[I], Co[Il], Co[IIl], Mn[I], Mn[II], Mn[III], Mn[IV],
15 Ru[ll], Ru[lT] 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-



single aromatic ring or nmultiple aromatic rings which are fused together or
| i nked coval ently. The aromatic ring(s) may include phenyl, naphthyl,

ant hracenyl, and bi phenyl. The term"aryl" is also used herein to include
"substituted WOPOO0HI20hi ch one or nore hydrogen atons RATASHEHOHYOany
carbon atomon an aromatic ring is replaced by one or nore groups, such as
30al kyl or cycloal kyl. [0030] The present disclosure is directed to a

catal yst system for the polynerization or copolynerization of a-olefins,

2000/ 045625PCT] US2008] 071040 b1 SLL M NODYT, cyl Corpl o o a7 ARLrt ol

i s(imno)pyri co x of a transitijon
metal on a sulSFEEEE TRy Pyigossh }éﬁl‘?ﬁ(ﬁﬁl’nttmfo?‘ig Yldégdaﬂ{ﬁ’ﬁtgl‘pte‘gﬁyﬁpwl?yél RIRYiAghibRGl i de
chemcal l'y orw@ﬂyaﬁ%@\ad bymbenrded r*het, & ond A’ s Wasribies saseuRthheds. s,
produci ng the catal yst system and use of the catal yst systemin the
pol yneri zat i OWOé’ﬁHwF?cfﬁ’bﬁ‘i/%Pi‘ PIPTRACHT MPIGIYERG FHESULENE (i ni no) pyri dyl
co;rp: ext [ 0:033411(&9@ bi%bmi@q},n%r;.gwﬁisgwgmp,?x cOap sf@é’@ﬁal%d@, és??iaﬂl&%ﬁlaﬂae, R, "
cat al yst sys resen owi ng, f or a D erein
compr | ses & tF aRsit o ot A Kt G o Brogn. By 1§ orig ey bepradiantai e of
10 El enments, SU@Y, a¥, RE[aH] rRPeald ihﬁdpencﬁ@tﬂﬁsele@@{i frbﬂmhy@%@étﬁalWl[ &sbecieM?/[dlétﬂyl,
Wn[Il1], Nh[IV%, Fu&%%%ﬂ RH'lll] or Ru[1V]; X is an atomor group
coval ently or®™f 8REAFY HS8A%ed to the transition metal M T is the
oxi dation st goe0pf tdeavdnicansgithd eialysel@tenMi@n@nlpribs at Rest\vat eAsNtoQfsudhhg aat om

or group X and Rl, , R3, R4, R5, - 6, Kand R7 are independently
sel ect ed roﬁ?ghmHVﬂgéﬁéﬁ?mﬁhlogen, hydr ocar byl , and substituted

hydr ocar byl , [peaayi dedcébial tohefurtby aipser, Gfc dsf envehtidnl relaesRé @mGthod of

hydrocar byl or substituted hydrocarbyl, twp or nore can be linked.to form
ome or more GYEFEE BRI G Of JAB{ T iR ShpenlRERgaton of elcfins. the
bi s(i m no) pymaydd compgdigx enpl oyed herein is represented by the fornmula

(1 (a) treating a support with an aluminum halide or an alkylaluminum halide to produce
15  an aluminum-treated support;
(b) reacting the aluminum-treated support with a bis(imino)pyridyl complex of a
transition metal; and
(c) reacting the aluminum-treated support with a perfluorinated aryl borate.
[0022] Conveniently, the reacting (c) is effected after the reacting (b), but alternatively
20 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 oa-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
25  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.
30 [0025] The terms "independently represent” and "independently selected from" are used

herein to indicate that the designated groups, ¢.g., Ry and Rs, can be identical or different.



WD 2009/ 045625PCT/ US2008/ 071940 R25 wherein M X, T and b are the sane as
for formula (1); and Rl, R2, R3, R4, R5, R s, R20, R21l, R22, R23, R24, R25,
R26, R27 and -28 R are independently sel ected
from hydr ogenWORAPO§EH, hydrocar byl , substituted hydr ocdlddlS2008/071940

het er ohydr ocar byl or substituted heterohydrocarbyl; 5 provided that when
any two or nore of Rl, R2, R3, R4, and R5 are hydrocarbyl, substituted

hydr ocar byl , het er ohydrocar byl or substituted hetcrohydrocarbyl, two or

nore can be |jookad tAs fQd MeREhe erMDFcBaEWCHybtem'S Whislehdcd @8 bfer to a composition
[0033]C0nven|%ntly, M conpri ses Fe[H, X conprises g hal i de, especially
chlori de, R, tarable Rogid yeedto ipbisfe PRYBETIZRI- ahitys- BB e coalples! 4 g8# and
R4 and RS areinaldyihe t@spesm Abkylid@arbhylx ofld RidiiofReQne or &b KndndidRdr ar e
i ndependently sel ected from hydrogen, alk especially nmethyl, and aryl,

. | ) e 5y
especi al |y t ofdppition peghligeps shpnlesingpn §mvla‘§b| I this FRPsk 81 G Rl atdesapsle
gener al f o3 mMuibagcah NCldPBurd Babinsbdsed e GatdiBhiy tRhemyltoninedl 1Rhhy bduiyexd di ne
iron dichloride and 2, 6. bis[1-(2- tonIphenygin}ne) et hydpyri dine iron
di chlori de. 1BSPOEESPE S PRIABY PYRY eRA CompguKidast sFeqHae W%éul?rlwee%waeréaoﬁ n
fornmul ae (1) wadhink! Jonadmgensaiad by olde RoEpRRLeE thy reeMateSRhdr OMHe @G LLONS
bet ween bis(carbog¥l)pyridine cqnpogads WO 2009/ 045625PCT/ US2008/ 071940
and appropri av¥ R HeLVERIRYY 42P Hwde efietropRYeniSoHEh B4 UB¥ cat al yzed, for
exanpl e, by qoizis, IOk t@xaMPAiRcaBElet hedré@itd| AkichiolaensdResity | RRABT Gre@gddd.

During regcti.ons, of is type it.is normal]y advantageoys to, renove from

t he rgact on‘Q%nggﬁéﬁhaFgﬁggFi%Pn%?@ﬂmﬁy L%@”?% Eiﬁgﬁsg$°Whe @ggﬂgn?w

g ][ oups W th t'eestifhbiz' ge @lldcll?ﬁsed Iirfdnerﬂ{aegdaﬁ@p@??tdoﬁm&ﬁ. Fdr@g@d&s fu'lsihmgﬁstch)isﬁ-e,t ype
o] 5 reactiqnp, it i refer to take off the water refluxing t

Peacti on i xt kv Rriesis ek R os SiicRly bk S o LBten €0 B Jig
separati ng andrbbe @visngd thechwaiyebe fikcambidnehed] 6t dylcliatagd imem cpdiic) abaticr &f | ux
head, for exanple in a Dean and Stark head. Suitable liquids for this
purpose are, P8P 8%¥4fpl e, hydrocarbons, especially aromatic hydrocarbons
such as tl uqnespr sybwinged hfdecirbylakditadt at raeapliexhichnt: kiheondigdpgoducad by

eacting the el ot DU olPYL LG SaIPoURd. 1Al a5l Ut gp 61 the

halogen-containing group (e.g. CF3), NH,, NR*,, OH, OR*, SeR*, TeR*, PR*;, AsR*,,
SbR*;, SR*, BR*;, SiR*;, GeR*;, SnR*;, PbR*; and the like or where at least one non-
hydrocarbon atom or group has been inserted within the hydrocarbyl radical, such as -O-, -S-,

20 -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.

25 [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

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

copolymerization of a-olefins, especially cthylene, whercein the catalyst system compriscs a

-8 -



Activators and Catal yst Activation 100361The bi s(i m no)pyridyl conpounds
descri bed are useful as catalyst precursors and, when activated with
conventional activators, formactive catal ysts for the pol yneri zati on or
15 ol i gorer | Z¥OI2HW/4¥2%] efi ns. Activators that may be u§¥§xﬁﬁ@WﬁH%mLemns
acid activators, such as triphenyl boron, tris-perfluorophenyl boron,
tris-perfluorophenyl al um num and t he Iike; and ionic activators, such as
dimethylaniliniumtetrakis perfluorophenyl borate, triphenyl carbonium
tetrakis perfhis@hiappeidl chaplat of adian®fidnymhami bi Aisuppotteiakalian qdefihlidaraogheny|
al um nat e, and he | 201 o nds .useful a n _ionj cti.vat or
componont " genBrst iRl TG ea s geaRe M AR eRSt R e o
capabl e of domahmﬂgfpmﬂﬁmﬁﬂﬂc&ﬁﬂﬂi@m@ﬁﬂ@ﬁhkﬂﬁﬁmﬁ@@&@ﬁ@ﬁdﬁﬂﬂhéﬁgwﬁﬂhﬁﬁnmhlCh
anion is relatlvem%XIar% %g , capable of stabilizing the active

catal yst speci’dSRN LR AEP MR when t he two conpounds are combi ned and
sufficientdy Biatunind)pgyvidpecodtiptqzl aced by ol efinic diolefinic and

acetyl eni cal | nsat bst ates or of 25 neutral Lewi s bases such
e et hers. i BT ae MR ab S PRADT Bl S ey Fogpiieien) aMEACRRRES
non-coordinahwmgﬁﬁmdbﬁﬁwﬁ@kﬁn@@%ﬁmﬂhaplosed in EPA 277,003 and EPA 277, 004
publ i shed 1988: 1) anionic coordination conpl exes conprising a plurality of
| i pophilic radicals covalently Eoordinatﬁd to and shielding a central
charge-bearing netal or netalloid core, /and 2) anions conprising a
plurality of boron atoms guch as anes, netal |l acarboranes and boranes.
3010038] I n one enbodi nent,\sui tab)fe i onN\c activators may be represented by
the foll ow ng fornul a: (L**
wherein L** is an neutral
acid Ad- is a non-co&gﬂ

hydr ogen; L** FD is a Bronsted

an i nteger
froml to 3. 100391T Jﬂ?ﬁbgﬂﬁf may |ncIQ£e Br onst ed
aci ds such as protons or prtonafed Lew s/bases or reducible Lewis acids

capabl e of protonating or stragting a /5 noiety, such as an al kyl or
aryl, fromthe precatal yst/after ®l kyl afion. Suitable cation conponents
(L**-H)d incl ude annnnluﬁ%, oxoni yrs—Nhosphoni uns, silyliunms, and m xtures
t hereof , preferably anmoni uns of nethyl ne, aniline, dinethylan ne,
diethylanlne N- net hyl ani | i ne, Blphenyla&1ne trimet hyl am ne,

trietivl am neuopi gl BRI G FEREKLI! RGNS BTLNG or BN bafe 1 BrfO

N, N-di met hyl ani I ne, phosphoniuns from
tri et hyl pifosghérmrats, tsmthﬂwewlﬂbﬁdﬁﬂhlﬂcrél @sﬁHLcﬁqﬁHHnMnﬂﬂtoMpHI n&n[ldboMinlINg. fr om

ethers such gg, | gxane,
sul foniunms fro ﬁlﬁ?@“?ﬁ@?épﬁgugﬂﬁgé %g$%G$&?h§%g% QTBLgQ%ﬂh§BQ1Q19é
tetrahydrothﬁ@ph@HEﬁﬂdﬁﬂ ﬁmy®@P@émmhéﬁwﬁﬁfmﬂymaémiVG@INUMd&UB6W‘@Eﬁ%/MDd4
may al so be a, 1l yergs He Ik U a,

i xt ur es R AR e e T oy o Aoy SRR AT

tri phenyl Caﬁ%@ﬁg%Mhﬂ@EOAOPWﬁébﬂnW@WU@@ﬁﬁﬁﬁéﬁﬂmﬂﬂﬂlﬁ@Wd@@hﬁH@§édﬁHV“h@ t he
forml a (541665 ¥R 81 e haudidy NbeABRi bR drodsfitnd of fofah B GARL for om
2-6; n - ; Mis an e enent sSelected from Goup 13 of the Periodic
Tabl e of the f@merent soregydfcepbsbifgntor on or al uminum and Q is independently

a hydride, b r[O(ggF d I@&ne%ﬂﬂgﬁg bgbﬁ%yﬂyﬁa}l%gmp i&s’a‘ lehlgﬁ)ye@héfgﬁ I ﬁpre?e'hﬁéh Q))}(/' de,

the formula (I1):



20 hydrocarbyl, substituted hydrocarbyl, hal ocarbyl, substituted

hal ocar byl , and hal osubstitutedhydrocarbyl radicals, said Q having up to 20
carbon atons with the proviso that in not nore than one occurrence is Qa

hal i de. Prefe“QHW?@*ﬁggh Qis a fluorinated hydrocarbyl BrSERP%% g 1 to
20 carbon atonms, nore preferably each Qis a fluorinated aryl group, and
nost preferably each Qis a pentafluoryl aryl group. Exanples of suitable
Ad- al so include di boron 25conmpounds as disclosed in U S. Pat. No.
5,447,895, which is fully incorporateg2hereingsy reference.
[0041] Il lustrative, but not |imting eXanples/of boron conpounds which may
be used as an activating cocatal yst in dombifiation with a co-activator in
the preparation of the inproved catal ysfs of \this invention are
tri-substituted ammoni um salts sugh-as( [
t et raphenyl bor at e, trlethylannnniun1te
t et raphenyl bor at e, tri(n-butyl)‘nnnnlu aphenyl borate, WO

2009/ 045625PCT/ US20081071940 tri (\tert- pﬁtyl). pni um t et r aphenyl bor at e,
N, N-di met hyl ani | i ni um t et gaphenyl ber=atne, N, Ndirg? hyl ani | i ni um
tetraphenyl borate, N, N-di b , 4, 6- rlnethylanlllnlun)
t et raphenyl borate, trinethyharno |un1tet aki s(pent af | uor ophenyl ) bor at e,
triethyl ammoni um t et r aki s( pent af Nuor ophenyl ) borate, tripropyl ammoni um

t et r aki s(pent af | uor opResyj bor at e NS+t yL)rmoni um (1D

tetraki s(pent afl uor ophenyl Y, tri(se€-butyl)amoni um

t et raki s( pent af | uor ophenyl ) Iye N, N- 4 net hyl ani | i ni um

t et raki s( pent af | uor ophenyl 8, N, NNAi et hyl anilinium

t et raki s(pent af | uor ophenyRj bor at e )=N-N- di et hyl2t (2, 4, 6- trinethylanilinium
t etraki s(pent af |l uorophenyl ) bor at ¢ i pni um t etraki s-(2, 3, 4, 6-
tetrafl uorophenyl) borate, trierhyl amoite

tetrakis-(2,3,4,6-tetrafl uorophenyl) bor,

| borate, tripropyl amoni um

tetrakis-(2,3,4,6-tetrafl uoropheng® -'Bbtyl)annnnlum
tetrakis-(2,3,4,6-tetrafl uorophenyl ) bong A met hyl (tert-butyl)anmmoni um
tetrakis-(2,3,4,6- tetrafl uorophenyl)bops N, N- di net hyl ani | i ni um
tetrakis-(2,3,4,6-tetrafl uorophenyl) bor/at e, N-di et hyl ani |'i ni um
tetrakis-(2,3,4,6-tetrafluorophenyl)bgrate, NRREdi net hyl - (2, 4, 6-

trimethylanili nlun)tetrakls (2,3,4,6-tetrafl uorophenyl ) borat e,
trimet hyl ammonicrm MSKeT hakb al(en@er fakrdQk @diaﬂ*a{uhhy(ll)) BﬁH at &7, B'r RERAYR ‘A ni?im

t et raki s(perflLuagr,onaphthyl bor.at e, grl
tetraki s(perf o F}% myR) bBr atd, trdir{) d%’f@ﬁﬂj éﬁF}Bﬂ%Fﬁ’m hydrogen, halogen,

tetr atl sg per Fl%/dw&a%mpﬁbﬁy?t}cgﬁyc&b@rbyﬂ rlhe(tér&fyﬂroﬁubw ér?ﬁl’iﬁﬂutéﬂnheterohydrocarbyl‘

t et raki s(perfl uorona orate ani | isni .
tetrakis( erfﬁﬁﬁkgﬂﬁgﬁ®ﬁ§? Hﬁ?é?ém”$P£§dﬁ%t% %aﬁipﬁhl ydrocarbyl, substituted

t et raki s( per fldiosaeiamlatctonkdrben@t er su¥siNudi naédawdr&czsbél O~ bil By aniihikcai um
20 tetrakis(gféfluoroEgﬁhthﬁéggorate trimet hyl anmoni um

t et raki s(per f9'96F 8B1 PHERYFH° PHUCEY i et hyl anmoni um
t et r aki s( per foo3sy Obbﬁﬂfkeﬂyht)yb@f adr@yristy FpN P Py doriprivgi atmlide, especially chloride, R,

tetrakis(pertlh bi phenyt ) hd rn ni u
tetrakis(per%vﬂgig%rg%eﬂgk) Igﬁé'd '%PéWngﬁg g? nﬁ%ﬁ*’MKﬂ especially
t et raki s(iper frieth@l’ @115):1 Jpﬁem? |B bmrdaRzé arel\hd&pdidaﬁi[yhyﬂeaéﬂ frér hydrogen, alkyl, especially
tetrakls(perfl %%ﬁ He, N, N- di et hyl ani |'i ni um
tetrakls(perFF é? orate,

25N, N- di et hWOS{]Z 4Eﬁmtprldsrﬁtshycib?ﬁd’ltdnilméxﬂmmthin the above general formulae include 2,6

tetrakis(per{]yonoblROenVl L DONALE: hoipyridine iron dichloride and 2.6  bis[1-(2-
tolylphenylimine) ethyl]pyridine iron dichloride.
15  [0035] Bis(imino)pyridy! ligands of the type illustrated in formulae (I) and (II) can

generally be prepared by condensation reactions between bis(carbonyl)pyridine compounds
- 10 -



trimet hyl anmoni um tetraki s(3,5-bis(trifluoronethyl)phenyl)borate,
triethylamoniumtetrakis(3,5-bis(trifluoronethyl)phenyl)borate,
tripropyl anmoni umtetrakis(3,5- bis(trifluoronethyl)phen g)borate
tri(n-butyl)atPof®(M®t%et r aki s(3,5- bis(trifluoronmethyl) SHEHFrPEEHS e,
tri(tert-butyl)amoni umtetrakis(3,5- 30bis(trifluoronethyl)phenyl)borate,
N, N-di net hyl ani l i ni um tetrakis(3,5- bis(trifluoronethyl)phenyl)borate,
N, N-di ethylaniliniumtetrakis(3,5- WD 2009/ 045625PCT/ US2008/ 071940
bis(trifluor omﬂtdpyﬂo))phelami@ebor aj/dafazmes Such reactions can be catalyzed, for example, by
N, N-di et hyl |un')te
bi s(t 11 vor orishy S BT ok STk S SOrt HioRimmmesrivn oS pinorsit s
- (I so- pr opydoraaityomivanagtets rt@btm(/@&mhaﬁel re@riephan We)vhﬁﬁ alir®inataftly the reaction

5d | oh I t et r aki orate;,.and oth
Such as: 11 (O TarYETHELBROAT R FeE Fikrs BRTROUPbAHRR Bop R P o
tri(2,6- di nethylbmhemybn)c&h@d; pchmm:mﬁ thet waki s pdiokiag |thmre®¢1hﬁn[yllx)dﬂ©m&ﬂh&m

tropllllumtetr he bor at ¢ eni umte heny
tri phcnyl phospho (%% u?ﬁ'\\{’TB]Igc%a 1P MBE qé’tdc am{)beP iy 0"‘“ thPQLRY fom he

t et raphenyl bodm;ﬂlege ihendeble (cdiua:hmzu foptagtptcaip b Eryd !nmir&ire heetdl‘ Gpitddlid liids for

t et raki s( pent.afl uoro hen bor at e, henyl car.
t et raki s( pen ttalfsl UIDO ch ﬁreehy 1) prample % hy{iroc ons ?bB%Clﬁlgh%'%tlnatlc hydrocarbons such as

t et raki s(pe nttalilbrwmretphemym)doﬁmaamta tarmmmgahmshdnyﬂc! mioduced by reacting the resultant
tetraki S(R)e ntb lnHr? I)%)}Rﬁg o'ixgé w’lthbego uti Olle'l(OCP % eltalI”Qilt, for example FeCl,, in an

tetrakls(penta orate ropi
tetrakis-(2, &rgla;ﬂfi-st)btmailbluuﬂmphelnyl )borat e, 15tri phenyl car beni um

tetrakis- (2 3 ci-l,vgmpsegnda(?%t&g{t% gﬂyl ) borate, triphenyl phosphoni um

tetrakis eny)borate triethylsilylium
tetrakis- (2 3001366- tlbe baﬁmummpﬁnémympmmdsdésqriﬂgénlzen@"(ﬂdaisaczt@kybup@cursor@ and,

tetr aki s-(2, ﬁh%n gc&v@l{e huc)(agor U e Lc)ng%ﬁte%n? d&%lcaf!dfyytmfor the polymerization or

tetraki s(per oronap car beni
t et r aki s(lger Wﬂlg@n@n@tpimtdf)@ﬂeﬁber Attevatory ﬂipihecryybeph@ds plhkym Liewis acid activators, such

20tetrak|s(p t t hyl

fetrakis( per?‘i Mﬁgﬂ%ﬁ%ﬂ ﬂ:;'%f g)ﬂ?lg{;tg})ﬁegxélngzdé%e?%\ Igegij(l)%!rd& n%ﬁyl aluminum and the like;
tetrakis(per fah‘ilma‘iﬁﬁ@thw Yusbraat dmethylaplifijnngatrakis perfluorophenyl borate, triphenyl
t et raki s(perfluonghi R QQQ’ | gﬂ{ ft ﬁen tl{o'rﬁ@ﬁ?}ﬁ %gfap%muﬂlmtetrakm perfluorophenyl

tctrakls(perfluor0|p cn trlpe sphoni um
t et r aki s(perfallwaéfbﬁlpﬂiéﬁijl’ﬂh?) bor at e triethylsilylium

tetraki S(der f(}(ﬂ?f ob Fgﬁg%h% B 'ﬁﬁta? an %glpce%@&gx(c% t%l?%t( gén(‘rall% comprise a cation,

tetraki s(perfl uorobi orate, tropilliumt
bi s(trifluor @Mhylpyeﬁiéﬁyla)ﬂjmsmdewdt ¢an3§h1@n§/ﬁ@ra¢m$mpmwrt end akdogpa@ibhe non-

bi s(trifl uor ggelihyl n))g%%ﬂw«t)l% LdrSis rdikt vEI}eL W At}t'é%# éb'h?éﬂlggt(éa?me

bi s(trifluoronethyl orat e, trle tetra

bi s(trifluor @ﬁévascmqeﬁwh) isprted, Wfaindhfbém emm(o@h%szam icomyinece endakifiqits-

labile to be displaced by olefinic diolefinic and acetylenically unsaturated substrates or other
25  mneutral 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.
30 10038) In one embodiment, suitable ionic activators may be represented by the following

formula: (L**-H)q" (4%)

-11 -



30bi s(trifluoronethyl)phenyl)borate. [0042] Mbst preferably, the ionic
stoichionetric activator (L**-Hd- (Ad) is N N dincthyl ani l'inium
tctrakis(perf] %OfO@hCﬂ%| )borate, N, N-dinethylanilinium

2009/ 045625PCTPJ 71940 tetraki s(perfl uor onapht hyl )P6:3FU§%038/071940

N, N-di met hyl ani | i ni um t et raki s(perfl uorobi phenyl)borate,

N, N-di net hyl ani | i ni um tetrakis(3,5-bis(trifluoronethyl)phenyl)borate,

tri phenyl carbeni um tetraki s(perfluoronapht hyl)bora.te, triphenyl carbeni um
t et raki s( per fWhmerimbi"’bhemyd:u)nbbkmiebabe rH phgmygana(r{bérﬂ)um Bronsted acid
tetrakis(3,5 triflu th r.at or. tri yl gar beni um
Stctra(perfl u%lr %%ﬁl8%§?31 mﬂﬁﬁ? dmx'[1 %}‘8 hd{%&?mﬁ“ P mte%eﬁgr agttl gat or and

bi s(i m no) pyrli034] cdkiplcexgn ¢oh¢ormne$b>rﬁ H)aamaj/ yshds;%smaﬁd atag's junic hupletoas or
co-cat al yst, ound | e of.  .al k ti transition rretal
conpl ex, suc h‘ywﬁga?edv\geﬁs %ngg ?rﬁed@gﬁgﬁ%a“fls gcﬁdsv\ncatp b fgg%tond tor” aasrfacattlcl:1 i‘ve
catal yst is froviptgdsucBuist abileylco- gl dloysths prmtalydfeafairwmk;okaames Suitebic astiomet hyl
al unoxanc, m) f 1 @I ne .as . | aI u ane nd
nore prefer abl %/n a um I!rl)F’ky S déu%fl& I}lfaﬂ%rrbé )Q) rq% rﬁﬂ&gﬂg& ut’ fnad

al um num trimeixhyds alhancmf numferaplg  emimonismpr obyﬂnetaj/l@rmnnurmnlﬁih,e dlmetbﬂarainy,st
may be cont ai h er ts ca yst
system or c{-‘ﬁgyleg}gm%r g\tl %%%eﬁé%e 9 tc{})htegtﬁ r{? Bp Stmglgs 919% trfg{hyltaﬁ?ne E\I%I

pol yneri zat i mnmrihyi@mb@ mptbﬁldm}lﬂmﬁnum, byﬂdlm ph@r@dﬂm @lstthsysrﬂlemp -titn@eNN| ar
ratio of fjhe ) PY, I on|

stoi chi orre()?r |(§h§g fm\}g%or i 1!3%?\ %ﬁ%ggpofﬁjiﬁl 1]@&{1)219%8& tgpl%\l%lgg&gﬂlg% heanr(%nl ar
rati o of bi s(diphemd)hpyrhinty| oxponypisexrotro dthees auchri a3u rwraetﬂhosll ethor cdiethlyly stther,s
from about 1: téra‘th? r@i%&ldt Eﬁl%l «%1 §u§?198§1{11%g ﬁgﬁ'{ ﬁ;' (%ﬁ]te 31919c455é]s| H'ietlh l.ettheﬁ%t%n%lg
catal yst conposition, | m no) pyr i f and optiona

the activat ortotraﬂlzdrp‘h@c@nemdamsmpﬁ@dlﬂen‘GOIﬁa\T hﬂgctemtl@ Qﬂﬁrplmlﬁlpﬁ*hfé)u they ahel/bgra an
al kyl al um numhal i de, chegi,cal p r nt | y,
t he al kyl al um nulr,n bha lid bemlvg rte%lygi%n?‘}efﬁé G_ﬁJ. 8?%{321‘3%\1)( Rﬁgp(?uriﬂci%g\%g

is a halilde grubopuanehdeiererinms|nkopt prefiewbly tmmgdtbmomabout 1to about 8
carbon at orms ofh 5o dis Yl ﬁh& 0B GBLRA ffingl AOBASHT {281 FHRROL |

materi al s have surface hydro groups that canreact um num
hal i de and/ orenaegsr kpmal iond; numdhamtﬁgfe ﬁade prvet bidedi Moy gapiceeneldesd fwrn
metals from @r@&fp% 6f thd ’P@A’(Ddlé TabkS of A% IdAnRf p;elﬁs‘?aﬂg)e[x')rgﬁj bf dﬂlﬂﬂluﬁl aﬂf‘

i nclude silica, which or may not be dehydrate l'ica, al mna

(see Inter naﬂ@%mﬂc%t%hrdfﬁebbﬁl ¢ iop Nﬂw&gcma@@la@@%:ilﬁlld% ia kpélécaaalrﬂmﬂﬁfa and
m xt ures jhhene@beari, Q%anﬁc‘%{fﬂ%m\%M‘Q%oﬁatlo%aﬂb?F Lﬁgﬁuﬂgg‘gﬁg&%’% aui haBBstituted-

zi rconi a, magnesiumchlorid 177),

nont nor i | | onPy@o¢askyd rd@rsy Bised Aaeg ento 2IQI(S?&H”bOH 5@2[15 6‘6"5 ﬂEIJ)YOVlﬁﬂ"ﬁ}qu ip Pl hetat e,
zeolites, takgy opb %Xéﬁm@ﬁ%qb ShalfdRl qj%fetléply, @d@@%ﬂlsl@ﬁ&orm%@ hi@Bcaktiyf §roufl SO

conmbi nati ons_ of these support materials may be used
having 1 to 20 carbon atoms, more preferably éach Q is a fluor mated aryl group, and most

| so

preferably each Q is a pentafluoryl aryl group. Examples of suitable 4% also include diboron
25  compounds as disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated herein by
reference.
[0041] Ilustrative, 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:
30  trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,

tripropylammonium tctraphenylborate, tri(z-butyl)ammonium tetraphenylborate,
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WO 2009/ 045625PCT/ US2008/ 071940 exanpl e, silica-chromum silica-alum na,
and silica-titania. Typical supports conprise silica and alum na.

[ 0047] Conveni ent | t he support material is a porous particulate materi al
havi ng a surfggew'é"éséz in the range of fromabout 10 to a4 20?%71?#@/9, a
pore volune in the range of 5 fromabout 0.1 to about 4.0 cc/g, and an
average particle size in the range of fromabout 5 to about 500 um MNbre
typically, the surface area of the support material is in the range of from
about 50 to atoiGat- bﬁt@()amrﬁbrgumttdm@pmyléomf@lNNed1insth'y1|anitimiemrtangleen@lbotfateomwbout

from about 10 SR IRG oo e SRR Gl F b B ke ot ea ot ¢ he
support mat erte@dphergyltiontd, énatigykgenafiurh reoakls(b@mﬂumahdnm )bat@e, atdohptland@eninR/ g,
the pore vol ut”l{?aklszqen&ﬂaor}g}lphe%?ﬂ)%rater %éjéo ?Bgltmog u %t?qés@?pegttaguor?ph%% ra%nd the

average partic roma gm’ The
average pare ts(rzzbltyiiantrmusrutppdm(pqmﬂmmﬁicnylﬂ:@falt.d tn(wc{bhwl)ammemtlmon is

typically in | f 0 rom
about 50"t oAb g beh Afnts ARG THED: R lobB SRRl ET
350A. 15[ 0048§ ‘Nacbethxlpxpmnura@btr(abis(abry@tuor@h@wbbm@ad\l Hydlmcthyl'r(a,k%y treating the

support mater|. N 1: | i )
typically at tgglte %1\24)5 patﬁ lll;} %%(aiﬁggﬁggﬁjghﬁﬁ yl%)&q %ﬁﬂhé%,é%{ﬁ{@d%}{@ 8@91%1(???78 of
about 1 to abemflug@phrou Qmattcauphyidmmemam tetfalivi(Aorhotiriedivedphuphlorate, The

al um numtqy e i |

bi s(im nog({)y?};@g corrp{lﬁm t&ra%g?%%%63}&?&]&]%%1{%%2%0%%%& E)lg \l}eeﬁo%l out 20C and
about 50C f orteteekist(F8 Adftetifbatoph@@l) i@atei dimethy lGgrobutyiBnimoenign teWhids-Eal.t.6r t he
catal yst - Contt@tlh!?lgﬁ‘la(}heﬁ%lw&ﬂéjWﬁrdﬁ%ﬁqa AHRRRLehalis 2 LRENAANM b hehllBops,

activator, typica erature between 0C an
time of aboutN.Nedi¢thylanglinaby tetraldg-(hbdp-sctraflporprhguid heratch &L N-dippthvl-63t.¢at al yst

system |f dqﬁfn&ﬁﬂamfmsmﬁ @@Q@s&%@@&m@r@{@gwﬁ% Ergrﬁgfﬁﬁgxﬂﬁgﬁ%i n an

organi ¢ sol vent Inert &f]e reagents
25[ 0049] AIt ertﬁmkls(mtfyaoronmnﬂal)mtnuwtwleramemu@Gﬁsl@&we@aﬁlowhtwabqretd with the

activator pr 'tglgrolfﬂamrgémﬁﬁ 1B V@é‘ﬁﬁo%ﬁ%ﬁ‘lh@%ore&@@n(ﬂ%ﬂﬁ/ﬁ)hﬂﬁo%ﬁqh the

bi s(i m no)pyrid conpl ex. ver roved resu , and in particular,
pol ymers wi t Hetristrenlepropgnhgy libeapteiad g rbutghasumonivme fegrakis(aer8ueyenehiiyl)hprate,
produced wheny {BEmGRYIAi YT %e)(x%&%l:ﬂﬂﬁor%éﬁﬂéﬁ?ﬁ)?&rﬁé’ N’ﬁfﬁ?&ﬂﬂguﬂnhﬁn

al uni num treat’ed su@_ﬁort Wi t bi s(i m no conpl ex prior to
reacti on wi t hettakis(paidiupspaanthyDigatpgy. yr@mﬂhﬁt(?éﬁ tPﬁ’@@é@%@@u{“@OSO] The present

cat al yst 2’%)3/5tt&ﬁkfs@dﬂ%@mlﬁph&h@l)ﬂ%% r{}?ﬁlbtﬁy1Qﬂm'dﬁ§§1tté{&§¥s8)@rﬂ79mﬁlﬁﬁ&§ﬂ borate,
conventional Iy known to undérgo rmetal |l ocene-catal yzed pol yneri zat| on such
as sol uti on, Uplpoogyoa s§2gsoTlusoppsNpibroto tﬂmnﬂ%nynonws phase, and

hi gh- pressur eetﬂafelsc{ae?@nmbléﬁﬁ,h&lg};)bompItﬁ@Lduyyua%o%mrr&;a%lsweﬁn}%mbmenwﬁ)@{e
corrpounds one or nore activators and/or co-cata , and one or nore

nonomer s ar e ME&ERIE B UEhiEtr s (prsturebadierdber afen%@é?i‘@@mrm‘i“ﬁmpar allel to

produce poly Wakw(ﬁ%u%ﬂ?%n&%r&té ANRL AR MBS teﬁ@lﬁﬂﬁ&nﬁbrolﬁﬁﬁe‘nyl%%te and
when present, co-catal e delivered as a sol ution or slurry,

ei t her sépar 181dyn€tﬂa/1ﬁié@@@@gﬁdﬁmhr&w t@féfl%ﬂpqrfwombﬁéwm%’t)rd&n or to the

reactor, or Eﬁrﬁe’ﬂ%lldr?«{@&rﬁ@ln @é’ﬁ@ikll@(@ @Dﬁﬂt@ﬁo@ﬂleﬁ?ﬁ)@h\éa}l%rﬁ@ rLéEHyihﬂmenufnl urry to
t he reactor Pol ynerizations are carried out in elther si n\%| e reactor

operation, i FEAHPER-bivhdHermehyhrsBrhbegte. ERropyiraymoain §isloY i -¢o- cat al yst ,

opti onal scam@gﬁﬁm@@w}pp&dygﬂ@mermga ﬁdt}ﬂfaﬁmﬁ)rn%nﬁt‘éigﬁ%(?@"“ nuously to a
single reactor or in es reac peration, in which the above

conponent s bi(tflyor %{B‘Adléydl)pfl@ygé‘tfﬁedf‘(“f’ \%Bméilﬁd%‘?%um EHeki¥Ps- connected i n

series. Bhe ea(ct@ﬂmm&@mga@%&a@amNhﬁm@tﬂgi@lqhﬁlemtta@ki‘bwsst reactor in the
series. The catalyst conponent be added to hoth reactors, with one

conponent bePﬁ‘j“%ﬂ’%tqy&pﬁfﬁyg?“f‘%’éﬁpl ‘Bﬁhﬁ?’i‘tﬂh%ﬁﬁf‘ﬁ%}f‘b@émonent to other
reactors. In one preferred enbodinent, the precatalyst is activated in the
reactor in the presence of olefin. 15[0051] Sui t abl e nononers for

pol ynmerization using the present catal ystysysteminclude



nononers having from2 to 30 carbon atonms, such as from2 to 12 carbon
atons, and for exanple from2 to 8 carbon atons. In one enbodi nent, the

cat al yst Sys"ﬁ@z%@ﬁ?ﬁ%&bed herein is used in the honopol %fuisfo%&?ﬂ of
0

et hyl ene or the copolynerization of ethylene with at | east one al pﬂa-ol efin
conononer having from3 to 8 carbon atons, preferably 4 to 8 carbon
20atons. Particularly useful conononers are propyl ene, 1-butene,

4- et hyl - 1- pentene, 3- nethyl -|-pentene, 1-hexene, and 1-octene. [0052] This
i nvention furtiftisiflupiemathelphicnyl)borate] N, hvdssthad-(2st.6-grinaathsant | iunykpgrakis(3,5-

pol ynmeri zat i og; | L of 1-olefins, the catal yst system
%s(%ﬂuQ&&Qﬁhﬁ%ﬁ{e@ﬁh@

conprising a bis(imno)py conplex of a transition netal on a support
havi ng an 25anddistuheradiige sdiididbrasian al kyl al umi num hal i de chemically or

physi cal Iy boasaﬁg.piopﬁsa%%m ﬁtetrlﬁagp&l@aha!)lﬁiegﬁlyb%kaez@aﬁﬁ paragraph 1, wherein

the support has surface hydroxyl groups h” have been chem cally reacted
wi th sai d 2al uhsyslohsxytiningpaiianidirgds(eoniefiberpphenyitherate; 3. The catal yst system

of paragraph J}q8heaities &N the support conprises silica or alum na.
4. The catal yst system of paragraph 1, 2 or 3, wherein the support has an

al kyl al um nuriii@ahkbpiperhonbi tewkisppeptallprigricedlboiatchBikded t hereto. WO

2009/ 045625P([, 59 0nium tethRGERLBYopherSYES SR RpiR@h agr aph 1, 2, 3
or 4, wherei Eﬂ-t %@%@%ﬁ%} al %ﬁi%ﬁmteﬁ%ﬁ(ge hag ctrcl\‘)heens/]l‘/)orrrm’ltap}A\lXZR or A1LXR2 where

X is a hali déctgpbinglbaies, Rrhenylearbapikgtctgplrapberali wghamyphesphang8 car bon

at ons. 10 Qetraph&y®tad ¥ thy BN SR phafi¥ooRlte, BAAM APRR uh)kCapRenyWMoghi€i N t he
al kyl al um num hal i de 5conprises dicthyl alum numchloride. 7. The catal yst

system of anyropfliysaickigriypinsfionophegyhekvde. dinkcrp@herisisi ti on metal conpri ses
ib_r on. 8. ThecteRl@k¥idtiuctophtEMbethte ARyhal p9@5ﬁcgmp{agamﬁen_?a,ﬂumﬁﬁe%g}&ﬁ@,
S ) Py iy teiakis pentafuoropheny yboratt, betisene(anoniuan) < C & N
tetrakis(pentafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,

15 triphenylcarbenium tetrakis-(2,3,4,6-tetrafluorophenyl)borate, triphenylphosphonium
tetrakis-(2,3.4,6-tetrafluorophenyl)borate, triethylsilylium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, benzene(diazonium) tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
tropillium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate, triphenylphosphonium

20 tetrakis(perfluoronaphthyl)borate, tricthylsilylium tetrakis(perfluoronaphthyljborate,
benzene(diazonium) tetrakis(perfluoronaphthyl)borate, tropillium
tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium tetrakis(perfluorobiphenyl)borate,

25  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-

30 bis(trifluoromethyl)phenyl)borate.

[0042] Most preferably, the ionic stoichiometric activator (L**-H)y ™ (4%) is N,N-

dimethylanilinium tetrakis(perfluorophenyl)borate, N.N-dimethylanilinium
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1b- M T]-(T/b)X RGR7 wherein M conprises a transition netal from Goup 7, 8
or 9 of the Periodic Table of Elenents; X is an atom or group covalently or

ionically bon e transition metal M T is the oxi eof the
transition ne?’ 0 45t6 b is the valency of the atom or g%gudﬁg(ﬁsﬁ-}é&

R7 are independently selected fromthe group consisting of hydrogen,

hal ogens, 15 hydrocarbyls, and substituted hydrocarbyls, provided that when
any two or nore of RI to R7 are hydrocarbyl or substituted hydrocarbyl, two
or nore can bietrdkistpeeithoranaphsiyhbornts, BMN-dmetry Byidihive tetdbstrict fherbghenyl)bo@te, The

Fromihe o ous SRS AM AR PEH S bRcl AR b Py T epslaienfif) PF; o
MA[ 1], M| TefakisgregfugionaptiRiparkie, triRbdny tarberdurd taRakis(rfluoro@ipheTigbaratt.al yst

LT opr asent Sty ERE BRI O3 08 BB R oA LB R

M conpri ses drmﬂamﬂmm¢nM$wﬁbwaw fromGoup 7, 8 or 9 of the Periodic Table
of El enments: pr : . ; t i
‘{33 95 eRliSo AR ?‘IE? V3for BhP ¥R B%#yggg)floc&hgﬁé, {l)l@i’}zés%rhoc@ta

M Tis the OXI tion state o e transition ‘ ency
of the atom ovstgnouy idcludRlia coRatalyRl whid, is REomBRG caRPIG, of Rikylatimp the tRERL0NR24,

R25, R26, R27 %omﬁé such that hen used in combination with aj ? algltlvgtor an dcléﬁ fﬂl 18
i ndependent |y seI ected fromthe groaci) consisting o al ogens,
%

hydr ocar byl s famebds ubgtable uceddtahyd riodagcoyihmoxagesosicl ed rtvﬁbxl aacnymtd;\%cdor
nmore of Ra Rimdnes @M RndlRd %q{ypﬁ%p%ne Qhd %%rkﬁeﬁ%@%lﬁ%%&%@&@)ﬁoh tWO

or nore can be linked to formone or nore cyclic substifuents.
cat al yst systtemetyl Pepiagnaiphisoboty! wheriwimn tidey] plugwain g tisepiopiV aﬂlsmsen ect ed

from 10Fe[ 11]rykeL Ichthl]yst 1&8)[15&‘] congngi bh mhe(;%ﬁdrﬂ Jvrth Maloter M)}{l[!)dnleﬁtb OMT\[SICM‘L st
Ru[1l], Ru[1111] and he catal yst system of paragraph 10 or

11, Wner ei n NVESHPY r,ngelge spgetreggq_l]/ added to catalyqtq system during a polymerization process.
[0044] Typically in the catalyst system, the molar ratio of the bis(imino)pyridyl complex

15  to the ionic or neutral stoichiometric activator is from about 1:1 to about 1:2, whereas the
molar ratio of bis(imino)pyridyl complex to the aluminum alkyl co-catalyst is from about 1:4
to about 1:10.
Supported Catalyst
10045] In the present catalyst composition, the bis(imino)pyridyl complex, and optionally
20  also the activator, is placed on a support having an aluminum halide and/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
25  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
30  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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13. The catal yst system of paragraph 10, 11, or 12, wherein X conprises a
hal i de. 14. The catal yst system of paragraph 10, 11, 12, or 13, wherein

X conprises ¢ lde<,« WO 2009/ 045625PCT/ US2008/ 071940 ﬁg} 1 al yst
syst em of anyaggﬁ%gﬁggiaphs 10 to 14, wherein R, R2, , ﬂﬁ?%&gﬁ?thS,

R26, R27 and R23 are hydrogen, R4 and RS are alkyl, and R19, R20 , R21 and
R22 are i ndependently sel ected from hydrogen, alkyl, and aryl. 16. The
catal yst system of any of paragraphs 10 to 15, wherein R4 and RS are

met hyl , and 5RepleRRca-qReemiurg e icRRINHREe andidiésgditaténtTypicalshpnorte dorhpriyarsilica
hydrogen, nethyl.udpd tolyl. 17. The catal yst system of any of paragraphs
1to 16, and further including a neutral or ionic activator. 18. The
cat al yst syst @D pamagraph. 7, suppast lafrithe agpejopatrerticeleispmiteds having 2
perfluori nat ed, @yl Gngel @ Hm B uCRE BlaYsik 760/ 7LEM ?Jre ¥mO1n tﬂéﬁ_'}%\%gg gphs 1

to 18, and further including a trial kylalumnum co-catal yst. 20.
cat al yst sy st&m aboup8d dgrtopht 8 9¢/2 e pepYeragh eatiolc ciae &1 e tansdapFins elput 5 to

triisobutyl al ébmlt@émum. Mdre tﬁidﬁﬁ},b&@uﬁ;cewe@‘épﬁﬂe Qb 8t el NS In BY I%B?:r@f from
(preferably any of the above catalyst systens of 15paragraphs 1 to 20) for

the pol yner i z&PHoY terbews 360 yver the apiconluste ipinethi rrage phomBbes@-ScormpeitSing:
(a) treating R/SHRPAE byeflek PadiBledl MM W ARl HeoRf 2t 1Bl s ubat: 5l pumihghd de
to produce an alum numtreated support; (b) reacting the alumnumtreated
support wi t h g Rithfoypitc AsA Ofgfgwp@szrt datesiabptip divstiergeott st about apRito (¢)
reacting fhe AbsmodHhd HRAPRIvAHRPY h ¥ oAb iIboNATY RS Y kPR
average particle size is in the range from about 5 to about 100 um. The average pore size of
the support material useful in the invention is typically in the range of from 10 to 10004,
such as in the range of from about 50 to about 5004, for example in the range of from about
75 to about 350A.
15 [0048] The supported catalyst is produced by initially treating the support material with
an aluminum halide or an alkylaluminum halide, typically at a temperature between about
20°C and about 50°C for a time of about 1 to about 12 hours, to produce an aluminum-treated
support. The aluminum-treated support is generally then reacted with the bis(imino)pyridyl
complex, typically at a temperature between about 20°C and about 50°C for a time of about
20 10 min to about 8 hours. Thercafter 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.
25 [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. Hé)wever,
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.
30  Polymerization Processes
[0050] The present catalyst system is uscful in polymerizing unsaturatcd monomers

conventionally known to undergo metallocene-catalyzed polymerization such as solution,
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22. The nethod of paragraph 21, wherein the reacting (c) is effected after
the reacting (b). 23. The nethod of paragraph 21, or 22, wherein the
reacting (c) £d before the reacting (b). 2524. of

par agr aph 21, hgﬁﬁ&ME§%3 wherein the support is treated mn?ﬁgﬁgpﬂgm
diethylaluninun1ch|or|de 25. The nethod of any of paragraphs 21 to 25,
wherein the perfluorinatedaryl borate conprises a trityl perfluorinated
phenyl borate. 26. A process for polynerizing or copolynerizing at |east
one a-ol ef i n, st gpridees gnd Beh-swssrr pobmegricsion adviinglysae dr awrd teastioometal
a-ol efin undeéon%%ydmsﬁezat R £R0HLA 1008 W-ERafRe dﬁéltogé >6§fmo§e/§£oﬁ§§§m@fm
paragraphs 1 to 20 or a catalyst system prepared b

par agr aphs anspnggfted in qng op grore I‘@@“ZS)@IQ/SO%%%P@YGU@Z@QIBW@?@%@ X'he sftperted
process of pagagHiaR head coMRRE! i@ dndtyhke BRbenPNS-drRkeH RS

et hyl ene. 40053] 'Ilhe gat 80 l'yst sydsttlemr gr th eﬁ ein ITEI’CI ilgttfeoreltp LSRR o
copol yner i zat 01ioppr dursf, élﬁhchgcpé@f?bﬂpﬁmgacwr,mcgﬁtﬁm iprdinpipst ratiph tOdb?T@h(é@(r of a
transition ne[s@alcuvﬁe% AgPEhhRed alb&rtf%t@d balﬁm%re&ﬁmlaye &m&bb&kﬁgﬁz Ofhsdre
support, having an al um num hali de and/or an l'um num 5 de

cheni cal |y orcapiysicetaliny cishdeesls hispaaro opfrai6m4] mTh\éuqhn\y@rlwm@m winkdnomew be
nore particul (%Fall%t/ag:ﬁﬁg&l/cg%gta}%tt hofRhar 0G0 Lie Jpgl)rllaq’v"}n'aglﬁ@@n afd rE'dElél\c/lR%

Exanpl es. 1005511 n the experinents described bel ow, methyl al unoxane
(30 W% in tolh@Heysves Flcalcsed of HoRILNI BrsiPnPPEatpp; @M}qhéIPWPW{P%CHW % in

toluene), 1gL0 Al SddBy tAdabiTh MU RIRY leflfors Bl Qieh RYER] Uil BHI £ THRNERs WRT €
obtained from Al drich. Anhydrous toluene was obtained from Al drich and used

as received. [eRAKY Y Bedeitsiasior Hetle shieai Hsdarparromparsat pay ilaobs added to both

[ 0056] Synt hetrigtddd, QEADAE RSmPSHR RE1LT QOB Al BtibDEId anaﬁh@péﬂ%ﬁ&t & ¥enhox
foll owi ng common protocol in obtaining air-sensitive materials. 15

[ 0057] Mol ecul™8#°t9fei git@e [MEgpRSr crahrdingge thropreetales wastigpied (VAY reagion imdlieght
average nol egildsakcevebigfit. (M and nol ecul ar wei ght distributions (PD or
Mv M) were deternmined using a Waters 2000 Gel Pernmeation Chronatograph
(GPC)  equippdtM t h SHHHT Penaskry for ppmpPREtipy 8sinh e PRRIGMalE wetesring

cal i brated WridhoRel¥ating &om Biandaichs. atoke sRA! ¥ TR 3 TP @ﬁb&ﬁ&t&ﬂglm @lyved
in 1,2, 4-trichl orobenzene at 140 to 160C for 1-3 hrs in a shaker oven.

The sol uti on SHEEPIE fiR 2rtp Preaibaratpmy-o e SmApdime, 8¢ satHys sxtest ‘éfvE‘F“bl‘sii P?r@ﬁ from

Pol ymer Labs i i@ i$ menfombb@pm&&am@fset@metohm @B@ﬂyﬁﬁ&%ﬁ&ﬂoﬁ Qﬁylé%t@ifhsatzooo
GPC instrunent. The a Polyners Lab m xed co

u
pol yst yr ene/ L8 Be4HEe- ‘ﬁﬁm P‘H%O"P{Pﬁf haxipgdiost 4 foe %é@“f&?@ pf?f?eabw @cfmaatron
wei ght daba arogns! epefitu@bllyl ikefl TBhonddth£8S REAYRMW $8ulRY Gnethyl-1-pentene, 3-

methyl-1-pentene, 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
25  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

30  halide chemically or physically bonded thereto.
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25 Experinmental - Synthesis of Bis(imno)pyridyl Conplexes [0058]2,6

Bi s[ 1- (2, 6-di net hyl phenyl imne) ethyl]pyridine iron di chI oride of formula
(rrr)y:  was s i Zed as described in Chem Comm, 0059] 2, 6
bis[1-(2-tol W&Le(ﬁ%l Imne) ethyl]pyridine iron di chI or| "Fé @g/%r%ﬂ a (1v):
WO 2009/ 045625PCT/ U82008/ 071940 was synt hesi zed by the rret hods reported in
J. Ogina Chein., (2002), 648, P. 55. Experinmental - Synthesis of Silica
Supports [0060]rA series of alumnumtreated silica supports were produced
as follows. (&) I'sMx®lpsyyssrogatesnok |ES-378H. swhtnemah@ékylaIMngm(f@adq:hasebb at
600 C) was sl gEphigdikR 2Rl whak w%ommg GHGAER iv¥ntlk 4o rie,
30wt (0 in toluene) at roomz‘tNerrperature B Cﬁgls The %ﬁv&’o PQLHP?%B
filtered over8eargnagunstrit and washed vvlth hexane to faC| litate drying in

vacuo 1 to 2 ho r I t of
53,5 g of dry SvAb R anrar el e Pk PHA Y98 Bl rbuihdhded
silica gel3 2@myrifesaldividumiagmegoi€) was slurried in 100 nl of tol uene and
reacted with 38 %

stirred for 1? E%uéagdbg% Qﬁﬁg{ %ﬂp? gbn%g?g%r{ etb%Sf)vg%r%}ﬁ\?\ge?smé%B?em%g%nﬁp a gl ass
fit, washed wWh hexane and dried in vacuo. Teal-757 was obtained as a

whi te free- fl@"‘fﬂ%%al%@'st's?st&g b §1yg>)f a1‘l%a1§}f§)l tPE%JéJ thE%Q@%ldo%‘yﬁﬁ l%§m§éz is
silica gel, 11.5 g (cal Cined at 8 was slurried in ¥ uene and
react ed with mspigseaicéPhipc&rowiehum chl oride for 4 hrs. The resulting solid
was collected on a glass frit, washegsw th hexane and dried in vacuo.

DEAC- 757 was obtai ned as a Wnite freexfl ow r}RSsoIid (12.6 g). 20 (d)
DEAL1OEt - 757

10 R® R7
wherein M comprises a transition metal from Group 7, 8 or 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 R7 are independently selected from the group consisting of hydrogen, halogens,
15 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[lI] Fe[lll], Col[l], Co[ll], CoflIl], Mn[1], Mn[II], Mn[III], Mn[IV],
20 Ru[ll], Ru[lll] and Ru[lV].
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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[ 0064] | neos ES-757 silica gel, 10.5 g (calcined at 600 C) was slurried in
40 mM of toluene and reacted with 6 g diethylal um num et hoxi de for 4 hrs.
The resul ting,s collected on a glass frit, wash ne and
dried in vacuo. Ekﬂf%%f 757 was obtained as a white freqq?%%aﬁﬁbﬁéﬁl

(11.5 g). 25 Catalyst Synthesis Exanple 1 [0065] DEAC- 757 (45 g) was
slurried in 300 mMs of toluene and reacted with [Ph3C][B(C6F5)4] (6 g) for
10 min at anbient tenperature. Fe conpound IIl (3 g) was added and the
reaction mixture stirred for 12 hr. The reriiting spt’id was filtered and
washed wi th hexane and dried in vacuo. The catal ysf was yell ow orange in
color. 30 Catal yst Synthesis Exanple 2 [O0066EREAC- 757 (2.0 g) was slurried
in 30 mMs of toluene and reacted with 2,6 bi t ol yl phenyl i m ne)
ethyl ] pyridine iron dichloride (0.2 g)Rﬂ% . ARf%ent t enperature.
WO 2009/ 045625PCT/ US2008/ 071940 [PhSQL[B(CB 3 g) was then added and
the m xture was stirred for 20 m n. i

N.5[ 0067]R6
Bi s[ 1- (2, 6-di net hyl phenyl i m ne)\et hyl ifpyridixe iron dichloride (36 ng) was
slurried in 30 m toluene. 2 g o 757 wag added and the m xture

stirred for 2 hr. The catal yst tered, shed with hexane and dried
in vacuo for 4 hr. A tan gg |

M [@\w8s) @bt ai ned. Cat al yst
Synt hesi s Exanple B (Conparativ

10§/0068] 2,
Bi s[ 1- (2, 6-di net hyl phenyl i m ne) pyriding iron dichloride (36 ng) was
slurried in 30 mM toluene. TEAL/757 (R.0 Q) s added and the m xture
stirred for 2 hr. The catal ystgawas filyeregd; washedymi th hexane and dried
in vacuo for 4 hr. Alight green solig¢ was §btai ned. Catal yst Synthesis
Exanpl e C (Conparative) 15[0069] 2, 6gBi s[ 1- (2, 6-dinet hyl phenyl i m ne)
ethyl ] pyridine iron dichloride (36 mg) and [
reacted together in 30 m toluene for 30
added and the m xture stirred for 2 hr. The gt was filtered, washed
wi th hexane and dried in vacuo for 5 hr. ' id was obtained. Catalyst
Synt hesi s Exanpl e D (Conparati ve)

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* R* R,

5 RY, R R R¥” R* R* R®, R RY 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.

I1. The catalyst system of paragraph 10, wherein the transition metal M is selected from
10 Fe[ll] Fe[lll], Co[I], Co[lI], Co[lll], Mn[I], Mn[II], Mn[IIl], Mn[IV], Ru[ll], Ru[Ill] and

Ru[IV].

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

13. The catalyst system of paragraph 10, 11, or 12, wherein X compriscs a halidc.

14. The catalyst system of paragraph 10, 11, 12, or 13, wherein X compriscs chloride.
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20[ 0070] DEAC- 757 (1.1 g) was slurried in 30 mM toluene.2,6 Bis[1l-(2,6-

di met hyl phenyl i m ne) ethyl]pyridine iron dichloride (61 ng) was added and
the m xture stir 2 hr. The catalyst was filtered, h hexane
and dried in %?2&?%5%% ere overnight. A light orange sollﬁﬁﬁgﬁgo glned
Cat al yst Synthesis Exanple E (Conparative) 25[0071] DEALOEt-757 (1.1 g) was
slurried in 30 m toluene. 2,6 Bis[1l-(2,6- dinethylphenylimne)

et hyl ] pyridine iron di chl ori de (59 nmg) was added and the mxture stirred
for 12 hrs. The Brusalyssaityspf weof paegiatie a el 4 ohgon® % R Rik R™TRE, Bi‘ue

sol id was filkeredpwashed.om i herans and duied @0 P2, AtEmSRNeISenden
overnight. A blue solid maéﬁgbtd?hed 3OE%htalyst Synthe5|s %x n%?legy
(Conparatlve)Wk?®®ﬁQ@EE¢&$Etd?ﬂlméﬁmm g) was slurried in 30 nl toluene.

[ Ph3CL[ B( CGF51)64]T}{e ) 2q € | X ULl BT £ OnfiMin?: 6
Bi s[ 1-(2, 6- i gt hy t‘j‘[eTyAg ﬁy}\?nar?e A D Ay R 8 2 e

et hyl | pyridi ng ik orR dﬁﬂélﬁ‘l or¢ @écf(cwnﬁmclw@é fropeydepgiere nctintl ardhielyli xt ur e
stirred for 2nrge (Jili6ss tén‘g ta Fhdrh&Emd H"?@Qﬁ—‘cﬂf%éh chh%%naenﬁ g fidngd 1N
N2 at nosphere ove?ﬁlgﬁbt ﬁl a §O %;E$ﬁ§S|é ‘e G npar§ ?vg !
100731SMAO- 75%U(&0r0 g) was slurrled in 30 m toluene 2 6

bi s[ 1- (2- t ol yigphaRYdulafsNEAte A PYtLRYE '191' M?eréu{ 91'3 agtn%mrQBfanQs (9. pqerfﬂt))
added and the reaction mxture stirred f he sofid wa
washed with HéX&a@tcand dried in vacuo to y|eId a tan col ored SO|Id
Pol ymeri zaf i o Exaplgark: 4904437 hay cat gttngtalsptoguwddﬂdn f&ateﬁhxatdmg a
Synthesis Exanple 1 and Conparative Exanples A to F were enpl oyed t

pol ymeri ze etiykdmsminmcespalidne at a pressure of 180 psi 10 (1241 kF' a)
at a tenperatpyre qhe 706aa% SRfenf Ar I0raBlapit €8 IWhclehie B QLRGSO coriikisng
anount s of trllsobutylaluntnunt(TIB L) "as a co-catal yst/scavenger.

Pol ymer i zat i SHSCRNEIEIBEF or ned in a 1 L stainless steel autoclave

nmanuf act ur ed 2oy AAHLRS] @gﬁba&hﬂg DNER: cnysb{ bﬁteﬁﬁgremlﬁh@rog% ab&MeQata B8t HQARL BT

foll owed by isobutene under’ a bl anket. The reactor contents
wer e heatled tPordt%héh*deé? r2dY f‘tre%é}‘)é)tntﬁ‘édt@ﬁoPra@iPE’létnF‘ozﬁ‘“%§f $ksfing, othg mpthogm

Et hyl ene 15(208pRsig: 1379 kPa) was introduced and naintai ned throughout t he
pol ymeri zati on. The catal yst was |n{ected under a snmall ampunt of hig
pressure nitrogen(® Therpdigct sEmokastham sBiurohids Ceay atglalugnym r’ildlé?r?dtot hen

t he aut ocl ave masm@ggkega@ﬂﬂuﬁe@@egggﬁbaed The pol yner was transferred
into a glass vess and dried in _vacuo at 70 C for 4 hours., 100751The

results are summ zed“FHm?QBPémimﬁhﬂc§hb%W?%%F“th@“gﬁﬁwoﬁpéﬂ‘PFﬁﬁxéoﬁplex

20 transition metal; and

tered

(c) 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).
25 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
30 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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20 of Exanple 1 is effective in producing | ow wei ght average nol ecul ar
wei ght (Il ess than 50,000 g/ nol) polyethylene of relatively narrow nol ecul ar

wei ght distrifQution ecially at |ow polynerization te r TABLE 1
Cat al yst Tlady#ﬂﬁ%héﬁyT} CYield, g Cat. Activity, g pgﬁﬁﬁgé%éﬁé%w. Mv
(g/nol) M (g/nol) MM Mh A 0.4 80 57.06 5706. 00 319254 22984

27. The process of paragraph 26, wherein said at least one 1-olefin comprises ethylene.
[0053] The catalyst system for the polymerization or copolymerization of o-olefins
comprising a bis(imino)pyridyl complex of a transition metal, as described herein, is
preferably immobilized on a support, having an aluminum halide and/or an alkylaluminum
5  halide chemically or physically bonded thereto.

[0054] The invention will now be more particularly described with reference to the
following non-limiting Examples.

[0055] In the experiments described below, methylalumoxane, MAO, (30 wi% in
toluene) was obtained from Albemarle.  Triethylaluminum (25 wt% in toluenc),

10 diethylaluminum chloride, and diethylaluminum ethoxide were obtained from Aldrich.
Anhydrous toluene was obtained from Aldrich and used as received. [Ph;C][B(CgFs)4] was
obtained from Grace-Davison.

[0056] Synthetic procedures were performed in an inert atmosphere dry box following
common protocol in obtaining air-sensitive materials.

15 [0057] Molecular weights [number average molecular weight (Mn), 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
samplcs were dissolved in 1,2 4-trichiorobenzence at 140 to 160°C for 1-3 hrs in a shaker

20 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.

25  Experimental — Svnthesis of Bis(imino)pyridyl Complexes
[0058] 2,6 Bis[1-(2,6-dimethylphenylimine) ethyl]pyridine iron dichloride of formula
(I1m:

-21 -



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

WO 2009/045625 PCT/US2008/071940

CH;
- CH,

— N CH,
\ ~ cl (I11)

N___>Fe\c1
\_/ /
—N CHj;
\
CH;
CH;

was synthesized as described in Chem. Comm., 1998, p 849.
[0059] 2,6 bis[1-(2-tolylphenylimine) ethyl]pyridine iron dichloride of formula (IV):

1v)
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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

WO 2009/045625 PCT/US2008/071940

was synthesized by the methods reported in J. Orgmet. Chem., (2002), 648, p. 55.

Experimental — Svnthesis of Silica Supports

[0060] A series of aluminum treated silica supports were produced as follows.
(a) SMAO-757
5  ]0061] Incos ES-757 silica gel, 40 g (calcined at 600 °C) was slurried in 125 ml toluene

and reacted with 47 g MAO (Albemarle, 30 wt % in toluene) at room temperature for 2 hrs.
The SMAO was then filtered over a glass frit and washed with hexane to facilitate drying in
vacuo 1 to 2 hours until a free flowing support was obtained. A yield of 53.5 g of dry
SMAO-757 was obtained.

10 (b) TEAL-757
[0062] Ineos ES-757 silica gel, 20 g (calcined at 600 °C) was slurried in 100 ml of
toluene and reacted with 38 g triethylaluminum (25 wt% in toluene). The mixture was stirred
for 12 hours at ambient temperature. Solid was collected on a glass frit, washed with hexane
and dried in vacuo. Teal-757 was obtained as a white free-flowing solid (21.8 g).

15  (¢) DEAC-757
[0063] Incos ES-757 silica gel, 11.5 g (calcined at 600 °C) was slurried 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).

20  (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 diethylaluminum 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).

25  Catalyst Svnthesis Example 1
[0065] DEAC-757 (45 g) was slurried in 300 mls of toluene and reacted with

[Ph;C][B(CsFs)4] (6 g) for 10 min at ambient temperature. Fe compound III (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.

30  Catalyst Svnthesis Example 2
[0066] DEAC-757 (2.0 g) was slurricd in 30 mls of tolucnc and rcacted with 2,6 bis[1-(2-

tolylphenylimine) ethyl]pyridine iron dichloride (0.2 g) for 10 min at ambicnt tcmperature.
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0.4 80 13.82 276.40 178604 13419 13.3 WD 2009/ 045625PCT/ US2008/ 071940 D
0.4 8

0 11.33 161.85 145962 12488 11.7 Exanple 1 0.4 70 31.15
WO 2009/045625 PCT/US2008/071940

4
4

[PhaC][B(CsFs)4] (3 g) was then added and the mixture was stirred for 20 min. The
supported catalyst was filtered, washed with hexane and dried in vacuo to yield a bright
orange solid.
Catalyst Synthesis Example A (Comparative)

5  [0067] 2,6 Bis[1-(2,6-dimcthylphenyliminc) ethyl]pyridine iron dichloride (36 mg) was

slurried in 30 ml toluene. 2 g of SMAO-757 was added and the mixture stirred for 2 hr. The
catalyst was filtered, washed with hexane and dried in vacuo for 4 hr. A tan colored free
flowing solid was obtained.
Catalyst Synthesis Example B (Comparative)

10 [0068] 2,6 Bis[1-(2,6-dimethylphenylimine) ethyl]pyridine iron dichloride (36 mg) was

slurried in 30 ml toluene. TEAL-757 (2.0 g) was added and the mixture stirred for 2 hr. The
catalyst was filtered, washed with hexane and dried in vacuo for 4 hr. A light green solid was
obtained.
Catalyst Synthesis Example C (Comparative)

15 [0069] 2,6 Bis[1-(2,6-dimethylphenylimine) ethyl]pyridine iron dichloride (36 mg) and

[Ph;C][B(CsFs)a] (71 mg) were reacted together in 30 ml toluene for 30 minutes. TEAL-757
(2.0 g) was added and the mixture stirred for 2 hr. The catalyst was filtered, washed with
hexane and dried in vacuo for 5 hr. A tan solid was obtained.
Catalyst Svnthesis Example D (Comparative)

20  [0070] DEAC-757 (1.1 g) was slurricd 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 N2 atmosphere
overnight. A light orange solid was obtained.
Catalyst Synthesis Example E (Comparative)

25 {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
stitred 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.

30  Catalyst Svnthesis Example F (Comparative)
[0072] DEAIOEt-757 (1.0 g) was slurried in 30 ml toluene. [PhiC][B(C¢Fs)s] (70 mg)

was added and the mixture stirred for 10 min. 2,6 Bis[1-(2,6-dimethylphenylimine)
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623. 00 21000 6416 3.3 Exanple 1 0.4 70 8.12 203.00 17620 5089 3.5 Exanple 1
0.4 80 15.49 154.90 32555 3474 9.0 Exanple 1

WO 2009/045625 PCT/US2008/071940

cthyllpyridine iron dichloride (23 mg) was then added and the mixture stirred for 2 hrs. The
solid was filtered, washed with hexane and dried in N atmosphere overnight.
Catalyst Synthesis Example G (Comparative)

[0073] SMAQO-757 (2.0 g) was slurried in 30 ml toluene. 2,6 bis[1-(2-tolylphenylimine)

5  cthyl]pyridine iron dichloride (0.1 g) was added and the rcaction mixture stirred for 2 hrs,
The solid was filtered, washed with hexane and dried in vacuo to yield a tan colored solid.

Polymerization Example 1

[0074] The catalysts produced in Catalyst Synthesis Example 1 and Comparative
Examplcs A to F were cmployed to polymerize ethylenc in isobutenc at a pressure of 180 psi
10 (1241 kPa) at a temperature of 70°C or 80°C for 30 minutes in the presence of varying
amounts of triisobutylaluminum (TIBAL) as a co-catalyst/scavenger. Polymerizations were
performed in a 1 L stainless steel autoclave manufactured by Autoclave Engineers. TIBAL
was charged into the reactor followed by isobutene (400 mls) under a N; blanket. The reactor
contents were heated to the desired temperature and agitation was set to 850 rpm. Ethylene
15 (200 psi/ 1379 kPa) was introduced and maintained throughout the polymerization. The
catalyst was injected under a small amount of high pressure nitrogen. The reaction was
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
20 of Example 1 is cffective 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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0.8 80 11.78 147.25 8324 2011 4.1 E 0.4 80 2.92 48.66 132642 16121 8.2 E
0.4 80 8.80 88.00 143047
WO 2009/045625 PCT/US2008/071940
D 0.4 80 11.33 161.85 145962 12488 11.7
Example 1 0.4 70 | 31.15 623.00 21000 6416 33
Example 1 0.4 70 8.12 203.00 17620 5089 3.5
Example 1 0.4 80 15.49 154.90 32555 3474 9.0
Example 1 0.8 80 11.78 147.25 8324 2011 4.1
E 0.4 80 2.92 48.66 132642 16121 8.2
E 0.4 80 8.80 88.00 143047 9600 14.9
F 0.4 80 14.77 369.25 85146 4604 18.3
F 0.4 80 | 29.04 414.85 106751 5286 20.2

Polymerization Example 2

[0076] The process of Polymerization Example 1 was repeated but using the catalysts
produced in Catalyst Synthesis Example 2 and Comparative Example G.

5 [0077] The results are summarized in Table 2 and demonstrate that the catalyst of
Catalyst Synthesis Example 2 produces a polyethylene with narrow Mw/Mn in comparison to
that produced by the catalyst of Comparative Example G. Wax materials or low Mw
materials such as these find use in ink formulations for example, or may be used as

macromers in further polymerizations.

10 TABLE 2
Catalyst | T,°C | Yield, | Cat. Activity, Mw Mn Mw/Mn
g g polymer/g | (g/mol) | (g/mol)
G 80 82.24 1652;[.‘80 12043 592 203
G 65 57.59 1151.80 36566 1014 36.0
Example 2 70 7.80 76.00 566 258 2.2

[0078] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
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
15  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.
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9600 14.9 F 0.4 80 14.77 369.25 85146 4664 18.3 F 0.4 80 29.04 414.85
106751 5286 20.2 Polynerization Exanple 2 [0076] The process of
Pol yneri zati on Exanple 1 was repeated but using the catal ysts

CLAIMS
What is claimed is:

1. A catalyst system for the polymerization or copolymerization of 1-olefins, the
catalyst system comprising a neutral or ionic activator and 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 claim 1, wherein the support has surface hydroxyl

groups which have been chemically reacted with said aluminum halide and/or

alkylaluminum halide.

3. The catalyst system of claim 1, wherein the support comprises silica or
alumina.
4. The catalyst system of claim 1, wherein the support has an alkylaluminum

halide chemically or physically bonded thereto and the alkylaluminum halide
has the formula AIX,;R or AIXR; where X is a halide group and R is an alkyl

group having from 1 to 8 carbon atoms.

5. The catalyst system of claim 1, wherein the transition metal comprises iron.

6. The catalyst system of claim 1, wherein the bis(imino)pyridyl complex is

represented by the formula:
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produced in Catal yst Synthesis Exanple 2 and Conparative Exanple G
5[0077] The results are sunmari zed in Table 2 and denonstrate that the
catal yst of Catalyst Synthesis Exanple 2 produces a pol yethylene with
narrow Mv Mh in conparison to that produced by the catal yst of Conparative
Exanple G Wax materials or low Mv materials such as these find use in ink
formul ations for exanple, or nmay Re used as [Mecroners in further
pol ynmeri zations. 10TABLE 2 Catalys\ T, C Yjeld, g Cat. Activity, g
polymer/g cat. Mw (g/nol) I\/h1 (g/ mol \ My, / G 80 82.24 1644.80 12043

R N

wherein M comprises a transition metal from Group 7, 8 or 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 of R' to R’ can be linked

to form one or more cyclic substituents.
7. The catalyst system of claim 6, wherein the transition metal M is selected from
the group consisting of Fe[ll], Fe[lll], Co[I], Co[lI], Co[llI], Mn{I], Mn[II}],

Mn[IiI], Mn[IV], Ru[II], RufIII] and Ru[IV].

8. The catalyst system of claim 1, wherein the bis(imino)pyridyl complex is

represented by the formula:
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592 20.3 G 65 57.59 1151. 80 36566 1014 36.0 Exanple 2 70 7.80 76.00 566 258
2.2 [0078]Wiile the present invention has been described and illustrated
by reference to particul ar enbodi nents, those of ordinary skill in the art
will appreciate that the invention lends itself to variations not
necessarily illustrated herein. For this reason, then, reference should be
made solely to the appended clainms for gmsposes of2deteiinining the true
scope of

R26

.......N\ R?!
R22 R23
R25 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, R", R®, R*!, 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?, RY, and R® are hydrocarbyl or substituted
hydrocarbyl, two or more can be linked to form one or more cyclic

substituents.
9. The catalyst system of claim 8, wherein the transition metal M is selected
from Fe[ll], Fe[lll], Co[I], Col[Il], Co[Ill], Mn[I], Mn[II], Mn[III], Mn[IV],

Ru[II}, Ru[III] and RufIV].
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15 the present invention. Al docunents described herein are incorporated
by reference herein, including any priority docunents and/or testing
procedures to the extent they are not inconsistent with this text. The teni
"conprising” is considered synonynmous with the term"including" for

pur poses of Australian law. CLAIMS What is clainmed is: 1. A catal yst
system for 10.he Dat yarivsizabiconofelaima) oherat M edmpiveoFe[lkol ef i ns, the

catal yst system conprising a neutral or ionic activator and a

bi s(i m no) pyridyl conplex of a transition netal on a support having an

al um num hgaj i de y or physically
bonded the?eto ngg#%gg%gﬂ%#§¥¥ﬂ%@g%gﬁgﬁh?k: %gyaﬁergln t he support has
surface hydroxyl groups which have been chenlcally reacted with said

al um num hal i de_.and/ or al k nu alid § tbal wst_sysi;em of
claim1, mﬁ%relﬁﬁ ALy 3HYe Flﬁgﬂ%F}gégl WP%% ﬁ0 : ﬁé R h§7éﬁﬁalyst
syst em of C|a'”Riia%ﬁﬁ?&b%m&hR4%MHpR5%n9%§k aﬁ&h!paﬁﬁﬁ‘ﬂanhﬂﬁH(@eme
chem cally or physi cal onded thereto and the al kylalunlnun1hallde has
the fornul a AlX@Remndﬂﬁmlw@féomhvérogemaﬂkﬂ@ngmﬂp and Ris an alkyl

group having from1l to 8 carbon atons. 5. The catal yst system of claiml,
wherein the transition nmetal conprises iron. 6. The catal yst system of

claim1, whgreiThd Ekﬁal?btss(ylsﬂ%hﬂ@t)cmﬁhi oty | wieaRI RXandsR T @pmegkylt e RY, RA

f or mul a: mhere|? qurlses a transition netal fromGoup 7, 8 or 9 of
the Periodic TaB R Epreripdapsndontly selgeted fiom I@fdr@ee@uﬁleﬂw&@méﬁ@ vy or
ionically bonded to the transition netal M T is the oxidation state of the
transition metal Mand b is the valency of the atomor group X; and Rl to
R7 are i ndependEimd |qateﬂ?slteej1£dnf pontlhine @y oMpereianshestdcrigatof ¢domiprisgena

hal ogens, hydrocarb and substituted hydrocarbyls, provided that when
any two or epeé'gl éf“@@@?lbé’rr@ehydrocar byl or substituted hydrocarbyl, two
or nore of Rl to R7 can be linked to formone or nore cyclic substituents.
7. The catal yst systemof claim®6, wherein the transition netal Mis

sel ected f¥om t'He catdyg systesi of clagn df afeé[finther ikdfidingd trialipylnjumiton,coCo[ 1117,
M[I], M[II], élll] Mi[IV], Ru[Il], Ru[lIll] and Ru[lV]. 8. The catal yst
syst em of cl ai rif erein the bis(imno)pyridyl conplex is represented by
t he formul a: mhereln M conprises a transition nmetal fromGoup 7, 8, or 9
of the Periodic Table of Elenents; X represents an atom or group bonded to
the transik6 on Aemsthady of produpiagogi eeielyein systeme forf thoepalymadzatiosn ofet al M

gngg 1' 15 t he v ﬁgﬁfﬁgfzatﬁg)s?%l%s?{he%&ﬂgd g%mﬁ s’1ngR2 R3, R4, R5, Ri9, R0,

(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.

17. The method of claim 16, wherein reacting the aluminum-treated support with a
perfluorinated aryl borate is effected after reacting the aluminum-treated

support with a bis(imino)pyridyl complex of a transition metal.

18. The method of claim 16, wherein reacting the aluminum-treated support with a
perfluorinated aryl borate is effected before reacting the aluminum-treated
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R26, R27 and R28 are independently selected fromthe group consisting of
hydr ogen, hal ogens, hydrocarbyls and substituted hydrocarbyls, provided
that when any two or nore of R, R2, R3, R4, and R5 are hydrocarbyl or
substituted hydrocarbyl, two or nore can be linked to formone or nore
cyclic substituents. 9. The catal yst systemof claim8, wherein the
transition net akugdoitSyiseh B@(iﬁﬂn&)gg{ﬂyﬁ'%ﬂlbﬂex ofefthahdition GREan, Co[H], Co[llI],
WMh[1], Mi[II], Ma[IlI], WMnh[IV19 th], Ru[M and Ru[lV]. 10.The catal yst
system of claim38, wherein Mconprises Fe[ll]. 11.The catal yst system of

| ai m 8, [ ' | i d . - im8,
chaim . ther o 0 AHISg% Alah S RTMEARY bR TSR
RS are al kyl, ap@c&sLonf§ziBing,colktaating 51E atleasti ondepeletienintiyr meymetiagiohr om

hydrogen, al kyl, and aryl. 13. The catal yst  systemaf claim 12 wherein R4
and R5 are met h§anditigng vRioa cgislyst syRem spiaptinne &)@ Risdmpenysidy] gomplexct ed

from hydr ogen, and VAe | yst i

wherein the act?5%?%%ngﬁp¥%§%§h%aé%?ggﬁg%?% tégag§§§hﬁgP§%§?%%g&;%g

cat al yst syst emlgflabinsinum1halaledcemitdlbr or mdilysidalbygdotdddalkheyétal and G)maco-
catal yst. 16. A netth of . prodycing a catal yst systemfor the polynerization
or copolyneriza??%ﬁ'@FOBFé?Pﬁg?Lthe met hod conprising: (a) treating a
support with an alum num halide or an al kyl al um num halide to produce an

alum numtreated support; (b) reacting the alum numtreated support with a
bi s(i m no)#ri d]/"]pe process of claim 19, wherein the activator comprises a perfluorinated aryl

borate.

21.  The process of claim 19, wherein the bis(imino)pyridyl complex is represented

by the formula:

wherein M comprises a transition metal from Group 7, 8 or 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.
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conplex of a transition netal; and (c) reacting the alum numtreated
support with a perfluorinated aryl borate. 17. The nethod of claim 16,
wherein reacting the alum numtreated support with a perfluorinated aryl
borate is effected after reacting the alum numtreated support with a

bi s(i m no) pyridyl conplex of a transition netal. 18. The nethod of claim 16,
wher ei n red2ti ndht hcadswfictaim [0r edteth the ppointinaipytidy compldxuis té¢predeattdar vl
borate is effec%egvggfore_reacting the alum numtreated - 30 - support
with a bis(imn8YBFriPEY 2conmpl ex of a transition metal. 19. A process for
pol ymeri zi ng or copol ynmeri zi ng at Ieastlgﬁe a-ol efisn, the process
conprising contacting said at | east one ol efi n,under polynerization
conditions with a catal yst system conprisiXg (ay a bis(imno)pyridyl
conplex of a transition nmetal on a support/TavrNg an al um num hal i de and/ or
an al kyl al um num hal i de chem cal Iy or, phyéical | y\bondeg thereto and (b) a
neutral or ionic activator. 20. TheRprocess of cy/armB9 wherein the
activator conprises a perfluorinaﬁed aryl \gor at 21. The process of claim
19, wherein the bis(imno)pyridyl conplex } resented by the fornul a:
10- M[T]-(T/b)X -N\ R6R7 wherein conpr/ées a Xransition netal from G oup
7, 8 or 9 of the Periodic TRble of Nts; X iR'dn atom or group
covalently or ionically bond&d to the transition netal M T is the

oxi dation state of the transi M tal Mapd b is the valency of the atom
or group X; and RI to R7 are/i ndependently | ected fromthe group

consi sting of hydrogeng2 ens, hxdpeeapbquqrgpgp@Mhstituted

hydr ocar byl s, provided that en agy two or re of RI to R7 are

hydr ocar byl or substituted hy byl, t or nore can be linked to form
one or nore cyclic substituepts. 2. The ocess of claim19, wherein the
bi s(i m no) pyridyl conplex i represante the fonmul a: wherein M
conprises a transition netal from of the Periodic

R23

R2 5 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; Rl, Rz, R3, R4, RS, R19, RZO, RZI, R22, R® s R24, R25,
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.

23. The process of claim 19, wherein the catalyst system further includes a

trialkylaluminum co-catalyst.
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Tabl e of Elenments; X represents an atomor group bonded to the transition
metal M T is the oxidation state of the transition netal Mand b is the
val ency of the atomor group X; RI, R2, R3, R4, R5, R19, R20, R21, R22,
R23, R24, R25, R26, ,-.27 K and R28 are independently selected from
t he group consisting of hydrogen, hal ogens, hydrocarbyls, and substituted

hydrocar byps, prhypeeskstofiataintonwherkintsal AlealDsee BbleRh comPrisd3thyRéne. and RS
are hydrocarbyl or substituted hydrocarbyl, two or nore can be linked to

formone or nore cyclic substituents. 23. The process of claim 19, wherein

t he cat al %23 Sy”?{xeeé’gtélgétspﬁtﬁe'o@%la&'xﬂelswﬁ‘er%ﬂh'tﬁ‘é 5%&)()%@%[1&12&00- catalyst. 24.

The process of rein said | ea fin conprises

et hyl ene. 25. The cat al yst systen1of cIa|n11 wherein the support is silica.
26. The process_of claim19 mh eln t he sup ort s silica. 27. The catal yst
system of &-ai nlRe PI9EFSSioh clafa | }§Fe”il & YPBIT 5581198 s (i i no) pyri dyl conpl ex
to the ionic or neutral stoichionetric activator is from1:1 to 1:2. 28.
The catal yst systemof claim 15 wherein the nolar ratio of

bi s(i m no)Pkri d?lhe caatglysx ﬂy@temheofalajatﬁmutn a\thcydin cthecamalaystatios éfr othe1: 4 to
1:10. 29. The pr.ocess.of halm ngHar rﬁiio of tthet .

bi s(i mi no) pyri dyf @W}g §°PREX t8 8 I%IPC r?éd‘tef" PSP OMURe AR UE i vat or
is from1:1 to fom-1:88 1:7he process of claim 23 wherein the nolar ratio of
bi s(i m no) pyridyl conplex to the alum num al kyl co-catalyst is from1l:4 to
1:10. 31. The catal yst systen1of claim1l1, wherein the support has

di et hyl al ufg nurrﬁjl'ne gatél‘%ﬁ &el 1 faclllu¥n o V\Q}Q}(?ﬁ?}% JnX P %’[ﬂhgf f)@gﬁﬁog}?}gg%d Thg

process of " ¢laim1 he sup Ras sur ace dro S which
have been chem @abglyx t‘o&hélhﬁehlmrhhll@ﬂhbd-cﬁihlym B dinhaMitde: 1a)nd/ or al kyl al um num
hal i de.

29.  The process of claim 19 wherein the molar ratio of the bis(imino)pyridyl

complex to the ionic or neutral stoichiometric activator is from 1:1 to 1:2.

30.  The process of claim 23 wherein the molar ratio of bis(imino)pyridyl complex

to the aluminum alkyl co-catalyst is from 1:4 to 1:10.

31. The catalyst system of claim 1, wherein the support has
diethylaluminumchloride chemically or physically bonded thereto.

32.  The process of claim 19, wherein the support has surface hydroxyl groups
which have been chemically reacted with said aluminum halide and/or

alkylaluminum halide.
33.  The process of claim 19, wherein the support comprises silica or alumina.

34.  The process of claim 19, wherein the support has an alkylaluminum halide
chemically or physically bonded thereto and the alkylaluminum halide has the
formula AIX3R or AIXR; where X is a halide group and R is an alkyl group
having from 1 to 8 carbon atoms.
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33. The process of claim 19, wherein the support conprises silica or

alum na. 34. The process of claim 19, wherein the support has an

al kyl al um num halide chemi cally or physically bonded thereto and the

al kyl al um num hal i de has the fornula A1X2R or A1XR2 where X is a halide
group and Ris an al kyl group having from1l to 8 carbon atons. - 33 - 35.
The process850of Thabroct8, ofwhdmdionwhbeir thamahditionmeel abmpassplitoaes i ron. 36
The process of claim 19, wherein the support has diethylal um nunthl ori de
chenmically or physically bonded thereto. 37. The nethod of claim 16 wherein

the method Gomﬁhéﬁ%cteF@@F o382 BHPAR the gﬁ%&{ i Rhs WelH 1A BluEhENal | de

or an alky al um nu de at a tenperatur tween 20C and 50C. 38. The
met hod of cl ai ncignivklér &iphysiealyredrtded tleostpr i ses treating the support
material with an alum num halide or an al kyl al umi num halide at a
tenperature between 20C and 50C for a tinme of 1 to 12 hours. 39. The

catal yst sygtemrpé ntdigddAcienel Whdrbia e RRIRId @&hﬁﬁgegltre\éﬁlsg iHeealppdrti th an
al um num hal i de or an al kyl al um num halide at a tenperature between 20C and

50C to produce materighppbrn ahawinng hafidabuai alkahaninga hetide pika/templetatimaum
hal i de chem cal bonded thereto. 40. The process of claim19
wherein the sup%%?%mh%@ﬁf?gﬁkbgs treated with an al um num hal i de or an

al kyl al um num halide at a tenperature between 20C and 50C to produce the
support haV|ng an alum num hal i de or al kyl al um num_ halide chemcally or

physi cal | y3bond&be pisghagh of claim 1?@%@66&%@%@%@%}?&% HEABRS IS SUPEORr ocess
I's a solution pﬁﬁf‘eﬁaﬁmtﬁ%n G nRh GRS oLdn Sk FafBrndiRu W HETi8L B 4 REpRIPGESS 1S @

slurry process
between 20°C and 50°C for a time of 1 to 12 hours.

39.  The catalyst system of claim 1 wherein the support material was treated with
an aluminum halide or an alkylaluminum halide at a temperature between
20°C and 50°C to produce the support having an aluminum halide or alkyl

aluminum halide chemically or physically bonded thereto.

40.  The process of claim 19 wherein the support material was treated with an
aluminum halide or an alkylaluminum halide at a temperature between 20°C
and 50°C to produce the support having an aluminum halide or alkyl
aluminum halide chemically or physically bonded thereto.

41.  The process of claim 19 wherein the process is a solution process.

42.  The process of claim 19 wherein the process is a slurry process.
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