;e3eDR 661 T w *~2* 27 Septenber 2002 r -1POLYMERI ZATI ON CATALYSTS AND
RROCESSES TH ND This invention relates to honopotynerization
of nono- 1- ol , such as ethyl ene and propyl ene, and

copol yneri zat| on, 9, mno-15 ol efin monomers, such a%fé@kﬁ qﬂge'aﬂg

propyl ene, with at Teast one higher al phaol efin cononomer. TE weP? known
that nono-1-ol efins, such as ethylene and propyl ene, can be polynerized

Wi th catal yst systems enploying transition netals such as titanium

vanadi um chr om GO QF APkiErs ARRPROCHESIES THEREROR t ed or on 10
a support suc 1 ., titania, and other refractory netals.
Supported pol ynerization cat al ystBAQKGRBUND:quently are used with a

cocatal yst, such as_al kyl boron and/ qr_ al ] ) )
O ganonet al |i c cat aljstinegnsiogfelates 1@ P“ﬂéﬁ%&i%?é%&%ﬁ{égﬁyst syst ens

usual ly are_unsuppost edsid tspolyméridation obaatedorst, such as
met hyl al ufﬁo%?grﬁeggfsﬁﬁtﬁ?gné soﬂﬁgy}%ﬁknom that, while no pol r
pr oducs i 0glephas@RAndrs, b s estiylencyandoproppspe, %@F Flerst PREINSBIH AM8sses are
relatively nmuch nore conmmercially desirable than other polynerization
pr ocesses OlefigraORNRBIE) the type of pol ymerization process used can have an
effect on the resul fantwAPkHERA thdtGhom-dubifes, hichresretirydenst and prepplerdt ur es
can result in low catalyst activity and 20 g{ggduct.i.vité% 128 %Q as a | ower
mol ecul ar cabglpblyneirizd Wit catalyst, systegHetmpIERNE SANMHAN JFHL SUTLE can
decrease the amount of desirable. | | r &gt b paeyoROon Most
pol yrer pﬁm‘é‘%‘sv"’d’&el%mi"nc PN nﬁ?%%e%glgjgg%t%ésaﬁg%ﬂgl ly t hg?:.apppol yner
produgps fzaéa‘ggﬁéisa& SURRATALiledal ardnisnandiotiey Sefrayeyanetalshapparied oader 25
t

nol ecul’ar "wer distribution and, therefore,. t pol i's much
easi er to polymezstiomcatalyst byempITERRILLY %meggﬁa%%x‘g@g%?‘ k%?gsic)%lggisses,

such as, for exanpl e, high LAhAY CORMEIbAetANi bRl yRIsgSEs el &pl Ut i On
pr ocesses,boé% H%&pﬁ@f@%‘g&s 6’?&%‘{ a ﬁ%ﬁ‘r ow nol ecul ar wei ght
di stributipggiet-Nagg-tp sdElyst syatemis distraiish areomsupRorTer AR ey epibREIEY nt o an
article of nuf acture. 30 Unfortynatel many honogeneous organonetal lic
cat al yst syihemocafalyst, [sueh as:memvﬁ%j}mw ®onsunption of very costly
cocat aJ ysts, |ike nethyl Lif £ thdYP&hile abPodaierroditetion| ppocesplisecul ar
wei ght{ ol ynmers wit hft2¥ aﬁbggllgggﬁgnber 2002 g) narrow npl ecul ar wei ght
di stributi gy, furyher wopepolgmerizathouprochine e TelBvVeR LB AROC o pr oduce a
ooy cased comapFAlIsgSUaNEALET OIE) PoUT PR SIE TRt hor rmons fhé 08
ecrease S . itronatly, ese types o
hormgeneou§f @&@eﬁ%ﬁcﬁy 84S REELE ably ameffeasmdthomespltant pdymet. offor gas
phase 5 poly I'zation processes. SUMVARY OF THE | NYENTLON Jf s desirabl e
to provi deexawgk, Iighed reattos jamparaiuies R0 BN G 8F Rt Y ner i zat i on.
It is also desirable to proyi c k my¥pipebdut e Higheatreacedry L O
si npl e2fo W@é‘,"“‘f]‘%é‘si‘ﬁ%t)%sagé‘g‘sgc@?%‘:c%{%}g’%y i %g?easeﬁd productivity. Again
it is desirghl@e flsBlcaniddereas b ustouny of desirahle brAnchang: 1y Ba JEBY 2B o at al yst
consunpti or?. I't 1s desirable to provide an inproved polynerization process.
Again it i potiesérrable to provide honopol yners of nono-1.-olefins and 15
copol ymers of at | easl%logt%lfﬂnglf g{ Qlbts TRAWR-id-s0lref prspssehaspecatlyttbossr ocessed
easily, as indicated by 1°'ncreas é) branchi ng and a broad nol ecul rma\‘/anélrght
L1150t g odaks mesismmgponel euBrAIOANGTS BF - O
-1- ( ] { n
t hat haife dé@ieé‘é%ﬁ’e}’é&é@gfﬁw‘%i}“éhfhe?% Tn agcgr gahce Wi tQh t hifs i nvention
catal yst sy : L Si HedctPIOldthee matetoxaihdi piocesses, skl ax ol exes
whi ch furt hé%;g%g%?;ﬂ;gh%ﬁ??i onal 3|€1-|h ands sel ected.fromthe ggglfﬁ)oduce
consi sting efanfple, diiglemaemperatura and/ge Righsh Areafule SPUHOR REYCEHFS A

met hyl al um noxane are provided. Pr t HRSE psleiiery 6dn sy St ens
al so are prBUYEEE. h%ﬂﬁfﬁ %88’#88@8‘3‘%\% t(?hgc étg&t@%ghbodi Pregt of this

I nvention, ﬂugﬁ'aorg(?ﬂimrtité%b@ﬁs pito aasstcde ofmumnufichge.cont act i ng et hyl ene,
and optionally one or nore higher al ggla-ol efins, i nm‘%\‘a[l%a{atdlgg S?&%SWI th
cat al ysBosyst ens corrpﬂlnfbﬁgﬂﬂay;rméﬂﬁ BIO8ERERMY PRIREMSIAL e L Oip? exes whi ch
further conprisge additio ' efveebsfly @prdtdlestgrithepmethybi sti ng of

| 3- di kenot g@@%&, Wa?%ﬁ'é sﬂgr?dédnqg%gﬁgz%?ﬁery:% go in, '?he resence of

met hyl al uni REXEAGxAEAMAOY] atedcan prodeesoloamelecitiar Reight PRGN ™ Bribodi ment

of this invention, honopol yners of ethylene and copol yners of ethyl ene and
one or nore higher 27 Septenber 2002 -3 al pha-ol efins which cmmmlmmmI‘u"“”m
characterized as having | ow nol ecul ar wei ght, increased branchi

broad nol ecul ar wei ght distribution) are provided. DESCRI PTI ON OF Thisise
PREFERRED EMBODI MENTS Cat al yst Systens 5 Catal yst systens of this invention
can be characterized as 2-pyridi ne carboxal di m ue nickel conpl exes

o o . - - A~ I ! R




formula as shown below in Conmpound I, ~R 15 ~I( ,r ...V ...,.~ ~Y i Il |
Conpound | 20 wherein R is selected fromthe group consisting of hydrogen,
branched and/or |inear al kyl and aromatic groups having fromabout 1 to
about 15, preferably fromabout 1 to about 10 carbon at group
nore preferably from1 to 8 carbon atons per alkyl gr?ﬁﬁ%ﬁgﬁ%@ %g&r)lzbe in
any position on the pyridyl ring; 25 each R' can be the same or different
and is selected fromthe group consisting of branched and/or |inear alkyl
and ar omag oy mesiBsul e kREt @Buabe UFulthértrorbOdvlen thouddl RIfAZY 3l pef r om about

| to about 10 carbon atoms per al kyl group nore preferably from 1-8 carbon
at onms per nedeksaly t prpluand pREynegrrivitle dpsiredphiafastaristies, ap X eqie oA MEX a8 ri ng;

and 30 Ris dr,ogen_ ar [ .anch : i, C LddiLng, aromatic
and/ or al'feﬁHgg? geﬁﬂfﬁegccﬁ'%?ﬁgﬁs%%ﬁg{@r@%mgggg%gq&’t 6*‘%%'98’? : [;g carbon at ons
per radi cRbm@p&ieBus catalét HeRhrireferadPdre vke® ontinth SSlutipmoopgashshaseiyg nor e
t-han about 15 carbon atons per group can result in a catalyst systemwth
| ower Sact polymeriZaden Prosesetict i vity. Preferably R and R' have 8 or |ess
carbon atons per group Whilg F O B9 ArPENEgERd by theory, it is

bel i eved that | arger subst%ﬂﬁ?ﬁh‘tﬂﬂ?ean ¢ hindrance in the
5 catal yst systen) Jhicdesiratiledepr@dadencad abtubist syssdmenusetlifor mpnanid/ or
productivity. Exenplary al kyl substituents are selected fromthe group
consi st i nglefm palymgrizatqnhy| | propyl, isopropyl, butyl, isobutyl,
tert-butyl) phenyl : : sPdped t i

pyri di ne/ benzene gr%gygg%d%ﬁéggu Q???lhg%?@%&gﬁse% toggbﬁgrar% g&?%ngaly

qui nokd neisiaplbith ahsitee haveinpdeasednattinity tand éscredsed woodwctivityr.e t her eof .
Preferably, the 10 R or R'§1subsbhi tuent .|s an e{'l ectron-dq\gﬁti rhlrg s%%ci es,
sel ected from the grd&HndbiiesiranleytioPraviqeesaralyst sEHeme RS HE ¢ dand
fused aro i ing fromabout 1 to about 15 carbon atons per
group. mgtg&éﬁglg?g%???ﬁ%‘%e R' groups are both the sane and are sel ected
fromthe group consiEtis desimblentotirgvidand imgeyyed pelyragriratioe PRCeHr oup i s

selected fromthe grqQup _consisti of _hydr n Yle, RE phenyl,
due to commerci al avg‘lgglﬁﬁf X ‘i?“ﬁtﬂg ‘%85°éx‘g“f’9‘g’§%?‘ﬂ§§%§ Agfmé)r{?e%?)}%ﬁéﬁﬁgdme R
gr OUpﬁsca%opﬁlgh{br%Y aPRakt twdNiffereBt mohbOMISfiA@) Chabikard be pasoassat ieasily, ng.
Preferably R group is either in the 3 and/or 6 position, due to ease
of synt hesissindivistl by inkrersed| brandhing andse beaad amolepwlanweight distripygion.
productivity, the R ,gro js. on th . i1 rOMAteG . Lhag. 20
The R' groups can beItiqﬁ a§ﬁ>ﬂe%agall? %ooﬁfo@#ci%g@,n&#p%&ﬁ %SEOE%ES&OO{JBF @s aa}r‘L gmati c
ring. Pref&ahnYers dfet RasOfudisterettintdhockholefit(s) hieat dave derreaied treriendar ar e
either in the 2 and/or 6 position, due to ease of synthesis. Mst

pr ef er abl yweigbt best catalytic activity and productivity, both R' groups
are the sane and arejj iSRSk oAt SPRedt eOMbiising 200. 25 The
R subrs}T%i tuent is sel gtlztgcéégpﬁng%@?ﬁ'eﬁbsr ouptgonsizg’ﬁ ng gf_ hyd?_(;_ge% and
branched, pyridiaé carbyghldiminanivkat tamplexes wiphia further adimpaiss additipna) lfgands about

1 to about 70 carbon atons per, radi ?31) Further, . the R sub titlfent an be
|i nked) orsqlesterbfrom Qlet&feurpms&ﬁlﬁé@ sdikeqatates, iatagens Ay m{ges WBEOi shi ng
to be boun indxand [ R¥&d Pritatsek #6lintAtk Shdig \¢hid genidao 70
carbon at ogr'é&)}é‘ae%ﬂlgggx?%d){aﬁéegxfgﬁé{t/igg?i c hi nsglr ance of the cg,tsg'lg){/sst syst ens
and hi nder aagravidetl. activity and productivity. Preferably, the R

substituent group is selected frmt rqup. consisSti - hy en and
branch®d, |inear, cydfidgcordanshyyt aﬁﬁgﬁr@q@%rpg roﬁb%’gﬁ‘é&hogﬁ@e}gtemer
2002 -5 haﬁb%efrfzﬁﬁbﬁ?%&ssles Eomplang caftagiizhaiylefiqid pptionAlyi @al or due to

commercial "avallability and ease of synthesis of the |igand. Mst
pr ef er abl y marbdighes alptiaralefenst in & reastiph gane with; catalysh REHeH CQMRISNE 2di ne

d is.sel d . f N ISt | f ; ] hed
i monr - cyerrmegrBRRETRY b EMoGR e I0@ o BRG] LjsaRe 00

about 12 cagleerRd FrRhefoupadhsiting 6fOB-dilteaotarashaisgas wed nikves. thEseefipl ary R
substituents include, but are not limted to, hydrogen, nethyl, ethyl,

pr opyl 30 phémyhe pissenderafepethylaiumungxane ar¢Broviedor m a cycl opentyl or

cycl ohexyl ‘ring. Prefgy Qﬁanéeh\%'tﬁfyéy%ﬁét%{ﬁodﬁﬁelﬁ%fﬂﬁfsqgvén'ﬁ@ﬁ) the group
consi sting of hydrogen and net hyl or best resultant catal yst system
activity ardnupotiumness\ifteshyld@ arRd' CpAXE@R of ethiplene apdane or grore hightls, on t he
2- pyridi ne carboxal di m ne nickel conplex can be the same or different and
are selected fromthe group consisting of a-deprotonated-~3-diketones,

oc- depr ot onat ed- ~3- ket oest ers, hal ogens and m xtures thereof. In the
general formula R'"CYCXCYR'') R'' and x can be the sane or different and
are individually hydrogen or a linear, branched, 15 cyclic, bridging,
aromatic or aliphatic hydrocarbon or a m xture of any two or nore



of said radicals having froml to about 70 carbon atons per radical group;
and Y can be the sane or different and is oxygen, sulfur or selenium In
the case of ketoesters then one of the R'' groups forms an oxyhydrocar byl
group with the hydrocarbyl noieties being as defined

ac- depr ot onat ed- ( 3- di ket ones and 20 oc-depr ot onat ed- ~??Z§§%'gset-ﬂ2§%r (z:ggzbe
derived from (3-di ketone and (3-ketoes{er ligand precursors. Exenplary

| i gands precursors include, but are not limted to, conmpounds selected from:
the group consisting.of 2 ds ilORGaving low molecular weight, increased
1,1,1,5, 5?@%@??%%%?@-%%2@%@%%? al | ygl acet onacet at e%

benzoyl acfgf&aﬁhg anbartresd mblecujat twaightudistohuiens mee pTow ed |

1,1, 1-trifluoro-2, 4-penta [ ONE, 1= 5 - RloReR yl acet one 25
methyl -4,4,4-trifl =3~ mé% RIS
I-trifluoro-5,5-dinmethyl-2,4- pent gpafko0Sesterfit hyl

a-methyl -4, 4, 4-trifluoroacetoacetate, . . -

4,4, 4-§ri fluoro- 1- ( TakalysyIsystemslofithindenestien camge characterized as 2-pyridine-
2,2-dinmethyl-6,6,7,7, 8,8 8-hept af | uor o~ ; i abing, |igand
pr ecur sor saghoxaldunise migket F‘UﬁPr:éﬁ%S b?"g%‘gs‘%gds‘?g‘%ﬁg 0 &g?eé{%gglfrgnedi one, |)
I, 1,5,5,5: ?‘?ﬁig‘%{#ﬁﬁ%& padiR@phase diaspehs dnd mikwtesitheneof baving agenemdhedi one,
1-chl or 03 L A=dI TT U roacetyl acetone, nethyltrifluoroacetoacetate, 1,
l,1-trifl lmmuls,asshbmbhljbw;mcp@ﬁ@%&i one, and ethyl a-nethyl-4, 4) 4-
trifluoroacetoacetate. Mast preferablysi gands include, but are not
limted to 2, 4-pentanedi one, 1)%1(5, 5,%\. 27 Septenber 2002 -6

hexaf |1l60r 0- 2, 4- pent anedi one, 1, ¥t -}{-f—i fl uorb- 2, 4- pent anedi one, 1-chloro-I,
| di f1 ucroacetyl acetone, and |, 1, 1-tfifl uord-5, 5-di net hyl - 2, 4- pent anedi one
for best catalyst systemactivity W best | ymer product
properties. The Z substjtuyent of the pyri di r boxal di m ne ni ckel
conplex is 5 selected ?'i(@’ o%y/uori ne, chlorine,
brom ne, iodine, and R" group Z selected from
the group consisting of chlori ' YCXCYR'' for high
catal yst activity and produc : group Z is

chl ori Ff 2, 4- pent anedi . . 5-hexaf | uorfg anedi one,

1,1, 1-11i fl uor o- 2, 4- pent-anedi ondyx*I-chl offo- 1, 1- di acetyl acet one,
or 1,1,1-trifluoro-5, 5-di methyl -2, 4fpent/anedi one catal yst system
activity and productivity. The 2-pyridi necar boxal i g ni ckel conpl ex
catal yst system di scl osed in thil8 application c%,}ae prepared by any net hod
known in the art. For exanple ppr @dmipduadol arsequi val ents of a

2- pyridi necar boxal di mne, Iigand and a 15 ni ckel conpound can be contacted
in the presence of any conpound that can dissolve both the

2- pyri di necar boxal di m ne .l i.gan i stif bHBYdrp ially or
conpl e28l'y. The cont AHFHY }golﬁgfgptg%?ﬁ?eb %%Hg%ndﬁi oﬁ?s s%ﬁ’ abl & to

ef fect the ol iaRiioPlinéar Ziipyirdndi anematid grosipslihaving frame Rbpuichfpkaut 1,

Preferably, Tor best product results, the 2-pyridinec IJ1AAE b1

| i gand/ ni ckpreferabiyp From ot drte 3boubd0 GG%PB@EC?ggygfr ?lg@nﬁogﬁp@rgtpl%% urider a
dry at nosphgre Ioan [ INEroi#H dddci ent to formthe

2-pyridi necéPﬁ’oigﬂ %Iicﬁ#’ gfgg#{gigg%lw&g Conpl etion of the formation of the
2- pyri di necar boxal di nkheamnbe ke hay positien os e peridstlirt@ced by a col or change.

Ceneral ly, contacting tinmes of about 8, a f
Suficizin. Usuall Y, Yech Ky ga e Ly S%‘%%°‘p?‘g%§§“§ta§%§p%ér48%§%§?g e Erbup

resul tant 25 2. i@ o O e gvoups Eiviogifiams 860t om
about 3 to %%E@Xéﬁgbg&g%dﬁgﬁf’gg%lﬁédﬂ 8/ ar 00

rom about 5 to about 1 S, ight p ent
ni ckel , basesl asut 15 pteirabily fears abputt heo 2oqu 0FARANFBBR A% @ﬁﬁ%f%%f&éfe
conpl ex. The presence of  ,oxygen i b 2h@ ROecsEbE i sifién bhi s
aspect of trPéefﬁﬁaglﬁa&%‘f‘il'ﬁ °ﬁ%§8e%%’§%?8{\%l3g?g%akjal yst gystems iglél osed in
this applicafi oRnfa@b g, Riepared 30 in accordance with any manner known in

the art. Preparation of these novel catalyst, systens,daes n i t he
presenc@oof an oxi di zikis bigsagen %%lhnﬁq"'ek’éf‘ﬁlb?cty/,cy‘j}f’ (l&'i%é?n?i %‘tg‘"%agfélhﬂt“ﬁf"é not

present, i.e.) .is AtV ! t] YOO cérbobejpérasriper rad@al
preparati on.alepﬂatfca@f&g%?qne%%{@\fmﬁg?%%ﬁtlo be bound by theoﬂ?, it is

bel i eved thagroliple presence of an oxidizing agent during catalyst
preparation and/ or polynerization can be detrinmental to either the novel
catal yst system and/or the formation of a polymer product because it may
cause the formation of an unstable formof the nickel 5 conplex that can
deconpose nore easily than the parent nickel conplex or the oxidizing agent
may react with a cocatalyst to render the cocatal yst unreactive with the

ni ckel conplex. In general, 2-pyridinecarboxal dimne |igands are contacted

. .. R M




ni ckel halide. A mxture of an appropriate Bronsted base, such as but not
llimted to sodi um hydride or potassium hydride or sodi um met hoxi de or

pot assi um et hoxide, is mxed with a solvent capabl e of dissolving or

beconm ng mscible with the ~idiketone or (i-ketoester -ExeonAhd, prﬁent S
rnclude tol uene, benzene) nethanol, or 5 ethanol. One nolar equivalent of
the ~i-di ketone or ~3-ketoester is added slowy to this m xture. Reaction
is known to occur as evidenced by the evolution of heat and a change in the
physi cal appearance & anH&R’hgooups bavidyoeoraiian atet 4 At@rivavaoms peagtoad,

reaction times from4 to 12 hours. are suff.i gi ené/ to e Sﬁrf cgn%l eéle ,
reaction. F#N fesult 3n @aialyst Systergewith Jowsr agHyly JRYOp PrqascRuifn e STderaply Bot
sol ubl e in,f e~ vt%Qi YeREs 641966 AoniFer SROYENWihife AGQIPIRRAgRY el fouhdbiyon or

vacuum and the ;% dissolved in a solvent in which it is soluble.
Exenpl ary siwomgrit & believed thatiargermmibstitnentegrauprotan Ese steaiahindrance it then

dded t hal f nol ival ent of nickel halid t has.b
Suspendid GrasCSsrrRavRh EAL dede sl s A8 ) Bk E et RRNER " ne
first solv E‘i‘? t 861 BhisktinERe REQCREkATIRAES Bup@hkiBtifE6l eyl rettiyle

formation o the nickel bis(~i-diketonate) or nickel bis(~i-ketoester).
I f the niclpedpyl,3sopriepylohutyd ibetiutyie test-bufy b kibienylgrRups dused phisayl greupsr e

desired, the tion i.s.a dto r A WAl f Al al i de as
descri bed. Qﬁﬁggb#&o eip%’“aWS&’/%ﬁ%e&eo%@E}fa@lﬁ;hgevslugg{rl?gé %’5&1 ﬁ’ge‘?\%’fﬁgﬁ %n of a
sol ubl e gr gamofiReMmbfRhalBaAsioup)) dndrRiknats 4f two b2 nivaetiseresfe Breferabty,ahé to

ensure conpl ete reaction. The byproduct sodi um hgllei de or potassium 20
hal i de1€al IR’ier Rhaubstinient schrr elegtramdonadag spesiesp selgeied fim the £8P on and/ or

centrifugation,.The | ' u yi the: ni I

conpl ex us&&nflﬁ%%f g‘?eéﬁ%f?iﬁ%%éfg@@ﬁé%dﬁ% %E\t&%%’gf% é)? leﬁ tfﬁcgrgi S.

Af ter for mabbenl e aBow?-18ydarsimanarshex ataipnr Mesnprekerhblgothpl ReX groupeard

pyri di necar boxal di m ne ni ckel | ex can be recovergd aé' an%. met hod known
mefiyt anet

cQ
in 25 the oth theyemesand argselegiedrem die BOMRIENSURHIP PI%¥Yat i on of
t he sol vent_ FE h | i t 5 indi ! niyekel

conpl ex cananlgetlg&r 'gl%}ﬂ fpsus(rél?ef’%|b:(rg§ﬁi%r)r/1 t§g§ﬁ3%§d“%§g§%§£ﬁgff§rlg§ﬁ ’V\r%gﬁylélgfrpound can
be heptiane fhkel eyl diuaac azpinmentidl availebitite ked eassmd] synthesis aff yist ligandt em can
be recovered and used_as._a solid, heter ogene. us cat %ﬁg s§ste§| 30
Reactants. Pol ymerizal MR SMHRIPSSRY DErN BRY RO phT-y B 8BS accor di ng
to the pro Pl rl MR C gfbubds RRABPRI HEBI snd®fr aTpoRtidn, Butd NS or
copol ynerscagﬁag?é Ptélg'sfpr%{%a%ﬁffere%fb ?Dno-l 27 Sept errbégrp 2002 _9 ol efins.
Exenpl ary nmseeof sytbésinmsMasepreferablys for bestaentalpdce a¢tivity and; produntivasi, thacl ude,
but are not_Jimted to ngno-.l—ol efti ns haying fromabout 2 to about 10
carbon at on® HOPPALPBHN & POBFIOR AR g SFARM Y ™MB¥ef i ns i nclude, but are not
limtedoto ethylene, PrRORY! ®BEps damby RNy Positédit, 8§ fron Repses)on the hept ene,
3-nethyl -1-butene, 4-nmethyl-1 S pentene, 1-octene, 1-nonene and 1-decene.

| f the reacaromnatipriogudirefesatdy.cbpdl’yamenps, ovcihsan be thy emsondifsmet #an be

pol ymeri zed .wi th nosl-al efin c L i I

al pha- ol efi ﬂmeﬁé@ﬁr@ aﬂgvf ﬁd’eotslrd(g)r[rli gg%l‘hog%gtoo gg@ﬁ%ﬁl y%ggﬁéﬁg [ §orfbre(s)tm 3to
8 carbon at giiElyfieactivtyesid srodbxtenipl, doth RO pooupeears thensaimedend draitin aree mod
limted to, propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 10

4- et hyl - 1- PREIEABS ORARE ARORAULAPE hereof . Preferably, if the nonomer is
ethyl eng, the comdNOMgy, s s%isﬂﬁf&ﬁp% N frdmIRb @Yédp%o%’i@ﬁﬁ%@f hidtoginder to
achi eve maxi mum pol ynmer product toughness. Preferably, if the nbnoner is
propyl ene, ik branoie) timear] syeid)ptemaicaordiliphatie rastienls havonglénont sbaut hiteve

maxi mum pol yner _product toughnes nd. clari 1.S.1f ac n r is used,
t he cormnorré‘?o‘ﬁgﬁ FREOALHELSt f{#gc"gm mf’f’zté¥f{owa%t§8?to n%?r)lx chg'c?ri on zone,
in an amountqied & oRfupOtdim & fifg AlPRile R WRhBB PRIARE b
preferably wl%%’ﬁbgh?gﬁgdggutg 1u wei ght |5§grcent,e based o% tohe wei h¥ of the
et hyl ene notteoey,.it Mosdliepedthat atdicals hadingrormsenshan 20 parbee atomsncanrrddrite dleq i on

i 1 hi . f We| ' d
o oduce’d paHE PRSI PN cRgae BTN Bh s A by sl OrCer 10 20

Pol yner i zat ippsuRfivit]le PREIBABE/, tH sapktited] groopriysated irsh the gesupr i ed out
under slurry, also known as |oop/slurry or particle form polynerjzation
condi ti ons whesiging ehkydreggsesnd bragched, Ké?ﬁf’ BealisuAiomatic Analipaatier radigtls whi ch
pol ymer swells significantly. Slurry polynerization processes are much
easier to operate and 25 maintain than other polynerization processes; a
pol ymer product produced by a slurry process can be recovered nmuch nore
easily. Such polynerization techniques are well-known in the art and are
di scl osed, for instance, in Norwood, U S. Pat. No. 3,248,179, the

di scl osure of which is hereby incorporated by reference The slurry process



200 to about 700 psia). Most preferably, the reaction zone is nmaintained at
a pressure within a range of 2.06 - 4.13 MPa (300 to 600 psia) for best
reactor 15 operating paranmeters and best resultant polyner product. The
catal yst systemis kept in suspension and is contacte i r and
conononer (s) at sufficient pressure to maintain the n%ﬁ%?%%g%&pgggt a
portion of the nmononer and conononer(s)si.n the liquid phase. The nedi um and
tenperature are thus sel ected such that the pol yner or copolyner is
produced aﬁa\ﬁﬁ% b P dul @l 8aband20 $arBOn raemmy pereddical, tduatto tommerddalt al yst
system concenttations in the reactaqor can be such that th tal yst system
content r amgsiabilitp and el ofisyntissis of thepad MostRIg er'bb(ig,etgae S"anﬁég‘\ﬁgﬁ éht of

the reactor contents, The frofa Utk REoiR@néi can
be added t BT Péésc[l@ferai tﬁctg%@k%{? gféf?&o‘?g%c?g%ter%gﬂrrmri zat'i on. .Irzlolgme%(arrpl e,
catal yst syshedfogenandbhackddtideart byclics ermmaticartabiphali¢ trsinals kayine frgm

irsobut ane, followed by MAO, then nore dil t .and finally, oner and
opti onad cebauidnier aboMp k& Farbon ALoras ane&%éC&wa%Fh,e rfﬁogs%\%ﬁ%ﬁbgﬁgorder can be

varied, dependi N eQi RIER i td dt)infidl @ heemigemprally eyl pr oduct
properti es%exﬁ?lgpa% gbfugfl’%%%@g%?a ?sdtue?{/st am and I\/Aoéarg not ?eggﬁt act ed
prior to agghdylophenyl, ohdinked yonehrei praidinmtor fosmtaoeychopentyd o5 Gyele el Eingo
decrease in catalyst activity. .Th nt qf cat al L8 added
to the readreferablih %Rys.“béétHéTtdF |S§‘F°a‘5n9xfﬂ%3“’e§‘ e scxg‘%m%tie@ prhggé'\é%t@,
relative tq - RYdei ol sRADRIIVA)GAd grodaxialidi mi ne ni ckel.

conpl ex. Pr%#"g@a%f @?é{ttrgéeﬂ%fnuﬁ%lﬁ%e%%o ni cklgl 9(AI qﬁ?) nmol ar ratio is |less
than ahgut 1500: 1, nRECHGXGYRE! substituents, er ligangs ot thepgByrid®e1 to about
700: 1. Most preferably, the nolar rati | g J I it hin a
fati o of 10uRExeuBEY kD FoBaR san s feemdol SRR thbelElock N UL Ty,
> Two pref ShE gﬁou‘ﬁoédﬁgﬁ{ihg’- 8t bodeprmbhads-pldiketbha, sh-deprytopaed-gsietansters, hose
enpl oying a T gop reactor of the type discl oied in I\Loégﬁs\g,jﬁ,d hose X
utilizing ahatdgenmind ynisturesttheneefl i Hie gAngrabfomuye Ky es’ “patal R
conbi nati ons thereof wherei.n the I neli, b Nirdker, hfhchare or

di ff er ent i‘F?*ntEP‘FethGis?"P&Dér‘fﬁf?rggtc%nod;%.%q !(i)x?ﬂilu%% gké’:"é’?’g‘?ﬁgg series of reactors,
a chronjsum catial iideify Sremuibe bliftasic ydrotrboeen asmibjtats eldanyoworRs MeBuct i on
step can be“utilized either before or a{péer the reactor .ubilizing,the

catal yst sysf suid cfdicaly kavies &Rm brio 2Pty oAb} BQISERFTITA™SE P TARCE Wi t h
this invention ner.al | } YsulRF bP¥eIBSLAT. ODLthRi dase dthdex (HI ),
which is a ?%Pt?%&gfs e‘}/‘m‘l/gﬁé%?g%‘\sfﬁsz%’{ n%’lsélcul ar weight (Mv) and the nunber
aver age nol pebsdrs WRinddte dfMhy K2l groufsfams rapsswtlydrocaniy Mgroup pythy ther s
produced in accordance with this jnveption usuall KL nd &R range
of about 3 hpdrapasbyl moietigy B?légé‘BIdfgﬁfcpﬁ?%veauﬁhen%éd%ng%%%% 5‘? 1%&%%2{5? 6,
for bess,indicati - id be Merivdd fesip-eitketopptandriaketaeitirtligand of one
or nor eﬁ%ongﬁ%%éétggactgénﬁl%%%ﬁ&fdo thgnpo‘l yrrert?zati on reactor.  The

af firmativelpyecaridad Exemploryeligandapragrsofcingtide, BHAra®gtHmISE Short chain
branching in the resu|tant. polyner. o 0. i r ¢ 81 andi ng
of the i nvesemapungdise ef’gegaf&‘\%ﬁﬁt{%éédsupi Js"“%‘?g@ égg"‘bglé%%a#g%oglg’l })y\nn%(ga ‘exanpl es.

EXAMPLES 25 J arfediR! iSyladdtotmitetaiecbatanybostonstpemingodil, 1, e
i nvention. B;E?@Jg?%zgg‘gﬁded for ?étch exanpl e ab?‘uijt H_gﬂ%lgfri zat |

n
condi ti ons, trfluovehtetars, thgltefunre2¢-PERiRysdigne, ArqniQr “%%q?atlyfaﬁat?ne
i ncluding reactions,, preparati dy stigr: . ; HIEfedisideiond dry,
inert at sﬁﬂ@i‘%"‘?’%éﬁgﬂe“gr%fz?t?g%é% ’, L r%ﬁé@g&gt ﬁ%?dvluﬂgfeﬂy?nai geat ed, oBench
scal e pol yelhAas idiisyl ues 8-t floploatacadenata 424, &-tiifloen-BE-fuybdihve reactor at

the desired tenperature using an. is t 1.2 liteg) slupr ctor
was heat ed tb}lt&@d@ﬂ&n@%%r?g%@emyﬂﬂ"ﬁ?’? rsg%g'ﬁ‘g?%ﬁu%rﬁbgﬁ Ofgmﬁf‘lﬁlﬁﬁ 'egg?eltgﬁ@i
reactor then,ua hesdiegbhedle RRbup@nkahs 0 2{eparamtione, and 27
Sept enber Zglbgfmﬁ p%g&“lﬁgog%tsd%r%ezed wth i s%géut ane to 2.75 MPa (abo th400

psi g). A known,ig8/sySthexyfigorastsd-peftagedignd, di btuflurse A, Hipsntanediprey &1 1881 ex
catal yst was charged to the reactor al ns Nt er.c _safgile@iut ane
and t he Hyi té,tld’rlﬂwga%eéﬂa%ﬁt°’lf9(‘f‘?%mn rﬁ%}%&%ﬁ%ﬁ%&i’%ﬁﬁ%ﬁi Fo t heI9
reactor, hyd ioht Ohdagyif @l aned, by 4 siftudraacetodsetitee Slest r ed
quantity of ?T%?Fﬁe@faglggﬂr?‘lhﬁoxaneﬁ% MAO) %\ﬁl 0 vvednghﬁ % in tgil uenﬁ lggsz char ged
directly to ptefernblyctigandsiincluge, ibugare ngtlapits ArRentAsednge o L Sotit ane was
added, ethylene was added to bring the total reactor pressure to 3.78 MPa
(550 psig). Ethylene was fed on demand and the pol ynerization reaction
term nated when ethylene flowinto the reactor ceased. Run tine for each
pol ymeri zation 10 reaction, unless otherw se specified, was 30 m nutes. The
abbreviations far the catal yst systens used are as foll ows

[(Pr2Ph)pyHI Ni CI',: N-(2, 6-diisopropyl phenyi)pyridine-2-carboxal di m ne




15 [ (' Pr2Ph) pyH Ni ( hf acac) Z:

N- (2, 6-diisopropyl phenyl ) pyri di ne-2-carboxal di m ne nickel (I1)
bis(1,1,1,5,5,5-hexafl uoro-2, 4- pent anedi onate) [(MezPh)pyH N (hfacac)z:
N- (2, 6- di net hyl phenyl ) pyri di ne- 2- car boxal di m ne ni ckely+ blekﬁ%ﬁb 002
bis(1,1,1,5,5, 5-hexafl uoro-2, 4- pent anedi onate) [ (PrzPh)qui I ﬂﬁzacac) 2:

N- (2, 6-dii sopropyl phenyl ) qui nol i ne- 2- ca& boxal di m ne nickel (Il) bis( 1, I,

| , 5, 5, 5-hexafluoro-2, 4-pentanedionate) [(Pr2Ph)-6-MpyH N (hfacac)Z: 25
N- ( 2, 6- di hexgfhopy-2phpentinedeneet Hyl-piftuciddet-pentanddinng! dichare-lni-ckel (11)
bis(l,1,1,5,5,5-hexafl uoro-2,4-pent anedi onat [ zPh Ni. Gl 2:

N (2 b i HENPRBGe G R 1ok LRSS AT 4 FFRERRRYOA e it o

[ (" Pr2Ph) <he h Gbdyi Il as b 1 d ies.

N- (2, 6- di F?‘SE@?%"}A‘%"&?E%Y‘)"?% Tt hyl oy o - - Gar boxal di i ne. ni ckel (11)
chloride [(MeZPh) - 6-Tep% ispbstithéracd dhe2-pyridinesaboxatdigrne gkel ggnplex is

N-(2

I

(2, 6:di net hyl.phen - 6- et hyl pyrigdikne- 2- aldim.ne npi ck (rn)
b (1 3. 1 oeleated RS Sed mhB-Cosfitg bE GRS, SRS RichThe SaBlErsld |y o ».
I\Fhl( 2, 'Gdei F@i’byi(pt@ml ). tﬁrdlmta?w, IWe{ gup & Qcééb]?édm'&ﬁx: e Eronep ?{mi@ﬁhg(o{flh) 5
chloride In general, catalyst systens used for polynerization in the
Exanpl es wblcgiqgr breaniag, ansl ﬁ%’&:ﬁf&@&w’h f@hblghzfﬁﬁﬂﬁ)yséé?ti"dw. Ao PrPARGLIVI S t y
was det ernined. | I cuhj i ; i.on nol ded
sl o, - cOUPE el e Bifurf 41 EnEER, TR BhbBGH, 1901 3 COMBKERRIC D rs
at room t enpeeatahédond) 1K tariflaowe, WipchtaAQidhd) 1:&8roaht-dMBTdvbD1928,

procedure C. High load nelt,index (HLM, a/10 mns etermned in

accor d@nc &cpiviaseiRgTnpDl,2 Jatr !ﬂ“OI@éé( ‘Qﬂ%ﬂ%’?ﬁ%ﬂ‘éﬁ%\r’ﬁ% igﬁﬁt catalgstt i ndex

(M, g/,10_m_ns t ] in accordance with ASTM D1238 at 190C with
kS AEseRashy

a 2,1.60 g e exclusion chromat ography (SEC) anal yses 15 were
performed at 140C onThe P4iyeidinecarhdebldinie GRRehicompiax rcefatyat syst@m i ndex

detector. A solutiop concentration of 0.7 to 0.6 i ght .percent .in 1,2,4
trichl or oistitriesed IME{S%’BHGM{% ke PrcSB%rSﬁgBIaéyéfﬁg?%ﬁn&”ﬁé‘gﬁ‘%nﬁf”é 1 This
exanpl e s%ﬁ%ﬁatpﬁgqg@a@%aiay%huﬁmh@@f&{jﬂggﬁainu%&voﬁmm%, ROaraednat i ned,

even if t ratio is decreased. Stated another -way, reduction
of t hd 5anminkelaformgatng ces datcontacteddn tha presencd sl anpsempioyrd fliag & |y i nhi bi t

cat al yst system product,ivity. Pal rizations in th ol | owi.ng. ns were
carri gd nugls V‘blE%tgrtﬁﬁééf’yéﬁ%w,a%”ﬁ"ﬁmfé%f‘%Fn%f‘écskgh%oem%@%: g‘éﬁl%/Pa (550
psig) et hgﬂ%&\{}wsl}gb Br SQBItANE THeWdn¥achhg ¢aRdliits tRAMRLAt eondRionyRGtans tedded

ina 10% Wt solution in toluene. Polynerization results are |isted
bel ow i n Teffiée the fo@orapianioig 2-pyritliseedrsoxsidinim piskelidemplemePefgrablysfor 27

Sept enber geos(t) %)r(gdu]c':é1 re:gﬁsl', I%hg' 2§py]fpdine'glélpboxalaimi%gtl@axg/ﬁ%ﬁa%o%lgl ¥ikture is
20  contacted at room temperature under a dry atmosphere for any amount of time
sufficient to form the 2-pyridinecarboxaldimine nickel complex. Completion of the
formation of the 2-pyridinecarboxaldimihc nickel complex can be evidenced by a
* color change. Generally, ¢ontacting times of about 8, and preferably 12 hours are
sufficient. Usually, as a result of the preparation procedure, the resultant
25  2-pyridinecarboxaldimine nickel complex will comprise from about 3 to about 20,
preferably from about 5 to about 15, weight percent nickel, based on the total mass
of the 2-pyridinecarboxaldimine nickel complex. The presence of oxygen is not
thought to be detrimental to this aspect of the preparation procedure.
Novel catalyst systems disclosed in this application can be prepared
30  in accordance with any manner known in the art. Preparation of these novel
catalyst systems does not require the presence of an oxidizing agent. Most

preferably, an oxidizing agent is not present, i.e., is absent, during catalyst system



(g)- T (C Productivity (g PEFEg N)AI: N Mla Ratio Mv Mn
H 101[ ( Me, Ph) pyH] Ni ( hf acac) ~0. 007627107007645. 7345. 9102[ (MezPh) pyH] Ni ( hf aca
c) Z0. 0242271 01002404. 7285. 9103[ ( Me2Ph) pyH] Ni ( hf acac) 20. 008440339006914. 916

4104[ ( MezPh) pyH Ni ( hf acac) 20. 021 640496002694. 24711105] hABf acac)
<0. 008760482006672. 45. 72. 3106[ ( MezPh) pyH Ni ( hf acac) zo.z(gggggg%ﬁ%ﬂo% .252.3

| O7[ (Me2Ph) pyH] Ni ( hf acac) 20. 0176803600330ndndnd108[ ( Me2Ph) pyH] Ni ( hf acac) zO.
028080750207ndndndnd - not determ ned The data in Table 1 show that
pyri di ne- prepardionalldifattnevhileaioeiwistunp te ke waand hy dhepsy, it jssbalipyed et the

effectively polynerize ethyl ene at. varyi.n [ Ni. .OS: anpl e,
Run 101 cORESEREEPian exidizitgagral duripg |°ﬁ%ly6g8r§8% HSW‘&‘?’%@‘Z‘&M ‘85‘84%‘ G Al N
changes b | @f eifheE McChovel @talydt B tdnd)and/of thel farmawsudf & pblyaree shown
when conp?ﬁiadﬁgﬂﬁRﬁlﬁél 10e?§ aend 10%, Runsy{a,lg%s and 106 107 and 108.

( fand Rugs
The data aireduct hesgusétmasheausddhe fasmagon of gnrnsieble; ogmakithe aickel | gand

affords nmuch hi gher productivity. r ral ures are
Wi t hi nscoﬁﬁﬂp&?’gﬁhﬂcﬁb‘g@ﬁmﬁ "?loe{%gész& tlrﬁgé%hé E%%%‘ﬁﬁ%%s’g‘ﬁﬁ 80Ct:¥ié Exanpl e 2
10 This eﬁmkﬁ%%ﬁeﬂﬁnw@éachwm £ dbaakalgdt to yendemtpr adamntyisvitrgactive vieh

ere

achi eved pyri di ne- 2- car boxal di m ne ni ckel conpl ex/ MAO cat al yst
syst ens hate mipkak campléx. one (3-di ketonate or [i-ketoester |igand has nuch

hi gher productivity {han pyriding-2- alidé R KSltatQig>d MAO
catal yst systens hav}:“r%enﬁg ’i%g&ﬂl&élg%%g&p%%?réeglﬁz}gtsl ons, it?l thelf ol | owi ng
Runs ver e gakdl ipegikedhatasordeaiel ifodideabaredialids tofarm 2rpyddioecarhoxeldiming of
3.78 MPa (550 psi g} et hﬁye,ne in jsobu ani{e@l urrg at_v ryti Qg te erbatures.
MAO wald ackickelicamplexss, wiypifal SHIBEFORT PIFkPLFQRH ’FCSFSS‘I“%HePi A GRSl 1 s
are listed bt%'s%gb.l[r{@ %ln%% Rund in Diddkd 1B, sTh&ddat aaddGladereT2 ghow hi gher

product i vi‘tny Pesu en have at |east one Li “di ket onat e Iigand on conpl ex

( (" PrzPh) pyktutfopsed): Andrbe Ciema OrparTdlilem. 3Voh@hbhpry HB-85Rdd Q8 1) Wrteln when 20
have at | east one (3-diketonatg |igapnd on c | ex 2 4 1 d). The
data in Ta@lcém@faé?f{)w éiegéie&ﬁ%r ‘g?‘&l}&c?c?rv‘?aff/ Ogﬁngtﬁg'ﬁtas\(}'étlgg\ E&é%éﬁo%rfgga')

i -di ket onat el | i 2 The ce@ piraftor &urdepyH
I(igand). T r?cglé%cg?q&%a@%tﬂf@%éﬁ@%ﬁﬁf%ﬁﬂ% rod,lj;ptlivedi?yp%en ?7; at Fgast
one ~3tali kedrovayeddpegding conthe cubstisnerty b 2h L-romdinstcarpgidiminglizaided i n
Tables 2-5_ "nd" ans "not deternined: .and e i (di t apal ysi s
coul d not Ber pea ;,ﬁg&;e%arergggﬁcxgcl%pg%d 13?«%“%%%%‘5@?/@?@2? %ﬁeglgft‘ . %g) T
(C) Producy rio%é’ (Ot P @oborBht Mixt¥hd is Ratpavede Oai molérgdquiz)alédy offaniline,
HI 211[ (PrZz ?p N d 20. 02452749001370, 9654. 14912212 (;_Préggi)p I-gl\% hf acac) Z
0. 00852733386M7R0E 1he8EsieauR’’ 3ph et B elipl: CHETMR 8620 if%é.aé ndndnd21

) DU A PSP, B3t Bl Braiio 1,
d = nobg detglaNiyIeazeoldB ith water. Exemplary solvents include, but are not limited to,
benzene and/or toluene. The mixture can be contacted, preferably refluxed, under
any atmosphere to form the desired ligand. Preferably, the mixture is refluxed for
at least 5 hours, or until the theoretical volume of water has been collected. The
solution is then cooled and the desired ligand can be recovered. Generally, after
25 refluxing and cooling, the ligand can be recovered as an oil or crystalline solid.
The nickel bis(B-diketonate), nickel bis(B-ketoester), nickel f3-
diketonate halide and nickel B-ketoester halide can be prepared by any method
known in the art. Typical syntheses of such nickel complexes can be found in
Bullen, G.J., Mason, R., and Pauling, P., Inorganic Chemistry, Vol. 4, pp. 456-462
30  (1965), herein incorporated by reference. Alternatively, and especially in the case
of nickel p-diketonate halides and nickel B-ketoester halides, the salt of the f-

diketone or B-ketoester can be prepared then reacted with the correct quantity of



20 25 30 35 40 Run CatalystMass Catalyst (g) T (C Productivity (g PElg
Ni)Al:Ni Ml ar Ratio Density (g/cc) Mwv Wh

HI 221[ ( Me~Ph) pyH] Ni ( hf a, cac) 20. 02422710100240

~0. 9764. 7285. 9222[ ( Me2Ph) pyH] Ni C 20. 0055271600665nd4. w%éﬁ%@g gh) pyH|
Ni (hfacac) 20. 021640496002690. 9604. 24711224[ ( Me: Ph) pyH| Ni . 2 89 00508n
d3. 7133. 6225[ (Me2Ph) pyH] Ni (hfacac) z0. 6@76048200667nd2. 45. 72. 3226[ ( Me~Ph) py
HI Ni G 20. 017860860205ndndnd ‘

~nd227[ ( Msnske) hohfion Ahmiduwe)of RnoarPeRUREDD BB drithae) ruic ABDEE dot IRuited to

Cat al yst Mass. Caxal vst . T Product i vit . PE/g Ni) Al :N_, Mlar

Rat ?og CS% 1( fz E"r%ﬁ?d%ém%@%fl@ ggg%dl%é’rg% \éxléeﬁ{?x‘ég 2 ﬁ’ﬁ?gés-“;\fé ﬁ?ﬂj‘ﬂ#‘éﬁ’f acac) =
0. 008527150 aike? 34th( & Ezﬂzah)cafam@@wﬂs%xﬁhg%rmg»m@%&ém (s}nﬁrég’f&n- 6- MepyH| N
I (hfacac)zQ. 0142403600451736[ (' PrzPh) - 6- Mep Ni C"20. 01 28600332237[ (' Pr 2Ph)

- 6- MepyH Nikgtone or PosstasstenzExemplary slyergs & j miuene. desaeyne) ne2imasl) 0286

e o 02 - ) . T (C
5 odﬁg'? ?\%anﬁg @egrﬁﬁhag éﬁ"lg?\l]?ntsq\f;b]tﬁ% P%%t%é gléﬁzl%e%@éitser %gc?clexssrlovgl%)to (9
( g/ cc) 241 [thivaRRn)re6- Rénpydd] N iEoSndb0x2ud28videnk2l GyeRPRYolGtide By Hed 4laf acac) Z

0. 0254271900233nd243( (Me2Ph) - 6- MepyHl Ni ( hf acac) ~0. 05564029001070. 941 244[ ( Me
ZPh) - 6- Moy H13RBE iR é%éé‘}ﬁ&%é@%@@%%ﬂ@ﬂ{%z HPncealvesastentsineve 0. 0086800350

246 (V2B SRR, BRAA0. A0SR TG, AL i fls xarm e

show t hat pyridi ne-2-car ex/ cata systens
have much rfeagivar Ifrtbelpotduvt sajt ofi thé Padikétems br @rieetqester is not soluble in the

10  solvent chosen, the solvent is removed by filtration or vacuum and the salt dissolved

in a solvent in which it is soluble. Exemplary solvents include methanol and
ethanol. This solution is then added to a one half molar equivalent of rickel halide
that has been suspended or dissolved in the same sqlvex}t or a solvent with which
the first solvent is miscible. The preceding reactant ratio results in the formation of
15  the nickel bis(p-diketonate) or nickel bis(f-ketoester). If the nickel B;diketonate
halide or nickel -ketoester halide are desired, the solution is added to one molar
equivalent of nickel halide as described. Reaction is known to occur as evidenced
by the formation of a soluble green species. Reaction times of 4 to 12 hours are
sufficient to ensure complete reaction. The byproduct sodium halide or potassium
20  halide salt is then removed from the reaction product by filtration and/or
centrifugétion. The solvent is removed by vacuum to yield the nickel complex used
in the 2-pyridinecarboxaldimine nickel complex synthesis.
After formation of a 2-pyridinecarboxaldimine nickel complex, the 2-
pyridinecarboxaldimine nickel complex can be recovered by any method known in
25  the art, such as, for example evaporation and/or vacuum filtration of the solvent.
Further, if desired, the 2-pyridinecarboxaldimine nickel complex can be further
purified by washing. One exemplary wash compound can be heptane. The 2-
pyridinecarboxaldimine nickel complex catalyst system can be recovered and used
as a solid, heterogeneous catalyst system.

30 Reactants. Polvmerization and Polvmer Products

Polymers produced according to the process of this invention can be

homopolymers of mono-1-olefins or copolymers of at least two different mono-1-



di ketonate |igand than pyridi ne-2-carboxal di m ne ni ckel conplex/ MAO

catal yst 5 systens having only hal ogen |igands. Exanple 3 This exanple
conpares catal yst system productivity of pyridine-2 carboxal di m ne nickel
conpl ex/ MAO cat al yst systems wherein the R group on up of
the pyridi ne-2-carboxaldimne |igand is hydrogen or azx?ﬁgféﬁ%&g?ggg

H gher catal yst systemactivity can hegachi eved when the R group is a
hydrogen. Polymerizations in the follow ng Runs were carried out as

descri bed, @Fﬁé’eEx‘é!nbﬁryanfoQ@CIt-Olléﬁm asefulr in thé pBa.cﬂBe wPehi¢ 58Gnpen gcludehy| ene in
i sobut ane s

rry at varyin erat res 10%
sol uti on but :rmme;hguéﬁdpyml 1o atefl F’n h,lig@gﬁ{cgn apy S% Eo[ g%o Iéﬁo%ﬂ?oﬁl aIt\,\'réilrc’e 6 for
conpl exes Pr ~P, et Hinhitéd @, etivilBhe 7 f or
cogl exes P[E‘% EﬁH{%% "Nf&::"é%%oc 5(1 61%?&5)01:5216 I\/|9|t)rli H| Ni (h?ta?a @ TabI e 8
for conpl @x&syidneMpaidbenpy Hpbhtehe lalm:kepé I\/bhﬂﬂ?nea3wé -hrbatene, dmeethebl-e 9 for

conpl exes [ (MeZPh) pyH Ni ( hf aca n ~ i ( ol As
used ih Tapontere, d'QCte“%d“n%%éna ﬁc@ ?fé% ﬁ%’?‘l g); tl%nw {élndl that an
anal ysi's COU' d nr&o{_ Pe nprﬁ&k?}ﬁéfeﬁn teOpol gedizdd with a mono- 1-olefin comonomer

VIt

Mass Cat aI TR Gduc Densi t yR~Cat al yst ( %C? Ni ) Mol ar
Rati o(gl C(‘v)lﬁ&liis(a Btf?d?bﬁtm&pﬂamléﬁmmSOMBN%@PﬂVeb% PZTQOG“PF Ph) - 6- I\/bpyEi ] N

i Cz0.0183270232- | 3 N ..
Sept enmber PZ%@ Y% @?&I‘ug “y"’g% E’% é?tle%ﬁystﬁ%%% gCi Pr oductl Vi t<~ (g
PEIg N ) i é}ﬂd%' tMPd Agt (RRltdP1o, ldri¢, 1-butene, 1- pentene 1 -hexene, 1-octene,
(g/cc)314[f1 511‘5 6- MepyH N CI, 0. 153400278%@ éﬁ?%ﬁi‘ﬁ z0. 0344605
83283?3[1?% n{%xzphlehh) }pﬁnm;oyxngtqgrnu@s tbereqzsgfsfﬁs;[ ¥.3k £ gé“zf’ii LAY *tho. 039480
r z n
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(9/cc) 321[?\15 Igﬁ)ppyl-UNl hf acac), 0. 00852733000,7390. 968322EIP Przggé%% MepyH|
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38324[ (" Pr N (hfacac), 0.0142403600451nd325[ (' Pr2Ph) pyH] Ni ( hf aca
c) 20. 02746&“3%%%?@&8%@[( Pr 2Ph) pyHINi ( hf acac) ~0. 005980384001065nd327[ (' Pr

2Ph) - 6;4vepyH Ni ( hf acar) 26mBRA%E00 2864, tHABEOBRE B0 be added to the

polymerization reactor, or reaction zone, in an amount within a range of about 1 to

about 20 weight percent, preferably within 7 to about 18 weight percent, based on

the weight of the ethylene monomer. Most preferably, a comonomer is present in

the reaction zone within a range of about 10 to about 16 weight percent, in order to
20  produce a polymer having the most desired physical properties.

Polymerization of the monomer and optional comonomer must be
carried out under slurry, also known as loop/slurry or particle form, polymerization
conditions wherein the temperature is kept below the temperature at which polymer
swells significantly. Slurry polymerization processes are much easier to operate and

25  maintain than other polymerization processes; a polymer product produced by a
slurry process can be recovered much more easily. Such polymerization techniques
are well-known in the art and are disclosed, for instance, in Norwood, U.S. Pat. No.
3.248.179, the disclosure of which is hereby incorporated by reference.

| The slurry process generally is carried out in an inert diluent

30  (medium), such as, for example, a paraffin, cycloparaffin, and/or aromatic

hydrocarbon. Preferably, the inert diluent is an alkane having less that about 12

carbon atoms per molecule, for best reactor operation and polymer product.
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H Ni (hfacac) Z0. 0351 8001 69- 5 Conparison of Runs wherein a MepyH or a pyH
group was PreferaRly pithingg rangs-of 208 HI dP bRt FOCkEI0°coli$ EX Mashs t hat ,

usual Iy, hij r VIR | : W ° R wth a
VepyH 4 obh TeBhl NG EhES R Rpl X WA rb DR UBCRE 51 (e
pur pose ofl40fF)ufot rbasti catalyst aciiwitynatd prodbaivitynsReaseidn asmpéraiviredbdiber eby but
is intended to caover all anges and nodifications within the spirit and
scopel? he@Bgyt 10°C cagpe ingifeddy é’ﬁﬁ@lry%'éét‘%‘-can be the same or different

and is hydrogen or &pdisifarin thé SFYGHocess can vary from about 0.689 - 6.89 MPa
(about 100 to about 1000 psia) preferably from about 1.37 - about 4.82 MPa (about

200 to about 700 psia). Most preferably, the reaction zone is maintained at a
pressure within a range of 2.06 - 4.13 MPa (300 to 600 psia) for best reactor
15  operating parameters and best resultant polymer product. The catalysi system is
kept in suspension and is contacted with the monomer and comonomer(s) at
sufficient pressure to mainfain the medium and at least a portion of the monomer
and comonomer(s) in the liquid phase. The medium and temperature are thus
selected such that the polymer or copolymer is produced as solid particleé and is
20  recovered in that form. Catalyst system concentrations in the reactor can be such
that the catalyst system content ranges from 0.001 to about 1 weight percent based
on the weight of the reactor contents.
The catalyst system and methylaluminoxane (MAQO) can be added to
the reactor in any order to effect polymerization. For example, catalyst system can
25  be added, then some reactor diluent, such as isobutane, followed by MAQ, then
more diluent and finally, monomer and optional comonomer. However, as stated
earlier, this addition order can be varied, depending on equipment availability and/or
desired polymer product properties. Preferably, the catalyst system and MAO are
‘not precontacted prior to addition to the polymerization reactor due to a possible
30 decrease in catalyst activity.
The amount of catalyst system and MAO added to the reactor can

vary. Generally, a molar excess of MAO is present, relative to the 2-pyridine-
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10xx The abbreviations for the catalyst systems used are as follows:
[(Pr,Ph)pyH]NICl,:
N-(2,6-diisopropylphenyl)pyridine-2-carboxaldimine nickel (II)

chloride
15 [(Pr,Ph)pyH]Ni(hfacac),:
N-(2,6-diisopropylphenyl)pyridine-2-carboxaldimine nickel (II)
_ bis(1,1,1,5,5,5-hexafluoro-2,4-pentanedionate) '
[(Me,Ph)pyH]Ni(hfacac),:
N-(2,6-dimethylphenyl)pyridine-2-carboxaldimine nickel (II)
20 bis(1,1,1,5,5,5-hexafluoro-2,4-pentanedionate)
[(Pr,Ph)quinH]Ni(hfacac),:
N-(2,6-diisopropyiphenyl)quinoline-2-carboxaldimine nickel (II)
bis(1,1,1,5,5,5-hexafluoro-2,4-pentanedionate)
[(Pr,Ph)-6-MepyH]Ni(hfacac),:
25 N-(2,6-diisopropylphenyl)-6-methylpyridine-2-carboxaldimine nickel
’ () bis(1,1,1,5,5,5-hexafluoro-2,4-pentanedionate)
[(Me,Ph)pyH]NICl,:
N-(2,6-dimethylphenyl)pyridine-2-carboxaldimine nickel (II) chloride
[(*Pr,Ph)-6-MepyH]NiCl,:
30 N-(2,6-diisopropylphenyl)-6-methylpyridine-2-carboxaldimine nickel
(II) chloride
[(Me,Ph)-6-MepyH]Ni(hfacac)2:



LngLXE(; Yy, f7 10%x& ()-41 £5910%
J8! ()= (@L0%UsU& () - LT S(@10% U W& () - L<7=77>888/ 9dENP
10%& ()-y 10%& ()- | MLO%& ()- |"!10%& <§-| ;1 109& ()-,910Wé¢pg-1%60999/-p-
-dEAPL0@ 109%@ " 109%& ()-19 109%& ()-, #10%& ()- 10%& ()-3-YA0%&' () -] 10%& () -
k< =d=>?dE"P10@ 10%@s! 109! ()-1(@10%' () -, &#10%&: (%—7#%89%”%%‘?“ i@é@ "()-s
L0%&: ()- ?E?2?°4@ARIE"PL0@ 109810% () - $6" 100! () - S5z 10% () - '
310% () - 2109%& ()-Y 0: 10% () - @A5ABATAI AVABBOCO@ 10%Sf 3" 10% U&! () - 3&! 10%
% 8 igm@u%o& ) ul& ;?;@ﬁg&)iﬁ&cﬂejm}%}ogs-me@&&iﬁyridm@mmimm@@cic@g/ﬁ!)o%

- 0 - | o U&' () - 10% U& () -y#109 () -
U& () - GHQHHH: | KJdEbdu@l1@/&&%%&%%‘)‘%?%%“ “%’83/‘%’1%@( )1003/(!) Lng;/(E)- Y +10%

U& ()- 1 *109% U&. () 0y U&' () - KJ 0 .

eg% A2 Eéf{iﬁ@ 1L } JIKKKKUK) KbhCO@ 10%.109&' () - %R () -
100 U 1(? U _)%l%e )1_(.?2 810% U& ()-,610% U&' ()-) KuLLI\/RNR%dEb:LO AR
10%@L0%&' () - L& 109&' W)2,6vtih0igy1phenyl)Fe-methylpyridine- -carboxaldimine nickeﬁ)lg

10%&' ()-!10%& ()-Y ! 10%& ()- OPQYQORURIELCO@ 10% - 10%&' ( '
| ‘ . - )-+ 109& ()- &z
109%& ()p-Y gt ()-,&10%' ()- y 10%& ()-URRRLSSS! TAEbCO@ 10% 721(()2)/&' ()-

y510%& ()-310%& () - 048, ; n TAEDLDE
10%rL0%| & () - &(5)10(%5 %%éfﬁlﬁ%%}glﬁé%eﬁgs% For1ffein brizatibd 4 THe EXathpleC0 @
e

O anaa s dhreaopeg v Seie U DS
XX g;glzg E?;JEJ@ 1098 ?félyg}e&' fﬁ’ﬁ%éfd&“]’%{ﬁéfi‘ééfgf%“%@ﬁﬁfé%smlg%%ﬁwx ) - VIEX
- on 3 bRl do) mORH Qb dE5IED @t ' SEYRAGr; Yid candisipmed( ) -
10 for about 40 hours at room temperature in accordance with ASTM D1505 and
ASTM D1928, pfocedure C. High load melt index (HLMI, g/10 mins) was
determined in accordance with ASTM D1238 at 190°C with a 21,600 gram weight.
Melt index (M, g/10 mins) was determined in accordance with ASTM D1238 at
190°C with a 231.60 gram weight. Size exclusion chromatography (SEC) analyses
15  were performed at 140°C on a Waters, model 150 GPC with a refractive index
detector. A solution concentration of 0.17 to 0.65 weight percent in 1,2,4-
trichlorobenzene was found to give reasonable elution times.
Example 1
This example shows that high catalyst system productivity can be
20  maintained, even if the Ni:Al molar ratio is decreased. Stated another way,
" reduction of the amount of MAO present in the reactor does not significantly
inhibit catalyst system productivity. Polymerizations in the following Runs were
carried out as described above, with a reactor pressure of 3.78 MPa (550 psig)
ethylene in isobutane slurry at varying temperatures. MAO was added in a 10%
25  wt/wt solution in toluene. Polymerization results are listed below in Table 1.

Comparing two levels of MAO for the same catalyst:
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The data in Table 1 show that pyridine-2-carboxaldimine nickel
complex/MAOQ catalyst systems can effectively polymerize ethylene at varying Al:Ni
molar ratios. For example, Run 101 compared.to Run 102 has similar _p.roductivity,
even though the AI:Ni changes by a factor of greater than three (3). Similar results
are shown when comparing Runs 103 .and 104, Runs 105 and 106, and Runs 107
and 108. The data also show that the addition of a single B-diketonate ligand
affords much higher productivity. Also note that reactor temperatures are within
commercially acceptable ranges, i.e., between 25 and 80°C.

.~ Example 2

This example shows that high catalyst system productivity can be
achieved wherein pyﬁdine-2~carboxaldimine nickel complex/MAQO catalyst systems
having at least one f-diketonate or B-ketoester ligand has much higher productivity
than pyridine-2-carboxaldimine nickel complex/MAQ catalyst systems having halide
ligands. Polymerizations in the following Runs were carried out as described above,
with a reactor pressure of 3.78 MPa (550 psig) ethylene in isobutane slurry at
varying temperatures. MAO was added in a 10% wt/wt solution in toluene.
Polymerization results are listed below in Tables 2, 3, 4 and 5. The data in Table 2
show higher productivity results when have at least one B-diketonate ligand on
complex ((Pr,Ph)pyH ligand) . The data in Table 3 show higher productivity when
have at least one B-diketonate ligand on complex ((Me,Ph)pyH ligand). The data in

Table 4 show a higher productivity when have at least one B-diketonate ligand on
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1nd1cates that an analysis could not be pe d. 0
5 TABLE 2
Mass ALNi
Catalyst| T |Productivity |[Molar Density
Run Catalyst (g) |(°C)| (g PE/g Ni) |Ratio} (g/cc) |M,|M|HI
211 |[(Pr,Ph)pyHINICl, 0.0245 |27 4900 137 [0.965 |4.1}49 |12
10 [212 |[(Pr,Ph)pyH]Ni(hfacac),|0.0085 |27 |33300 739 10.968 |5.6)24 |4.2
213 |{(Pr,Ph)pyH]NiCl, 0.0286 |40 820 118 10.965  |nd |nd |nd
214 |[(Pr,Ph)pyH]Ni(hfacac),|0.0120 140 320000 524 10.938 |2.3]4.2|1.8
215 {[(Pr,Ph)pyHINiCl, 0.0344 160 550 98 . |nd nd |nd |nd
216 |[('Pr,Ph)pyH]Ni(hfacac),|0.0274 |60 {13800 229 |nd 1.2]1.6|1.4
15 |nd = not determined
TABLE 3
Mass Al:Ni
20 . Catalyst Productivity| Molar | Density
Run Catalyst (8) |T (°C)|(g PE/g Ni)| Ratio | (g/cc) | Mw Mn | HI
721 |[(Me,PhypyH]Ni(hfacac),[0.0242 |27 10100 240 10976 |47 |28 |5.9
222 |[(Me,Ph)pyHINICl, 0.0055 |27 |1600 665  |nd 16 [20 |44
373 |[(Me,Ph)pyH]Ni(hfacac),[0.0216 [40 149600 269 10960 (4.2 |47 11
25 [224 |[(Me,Ph)pyHINICl, 0.0072 |40  [2000 508 |nd 37 |13 |36
225 |[(Me,Ph)pyH]Ni(hfacac),[0.0087 {60 148200 667 |nd 24 |57 2.3
226 |[(Me,Ph)pyH]NiCl, 0.0178 |60  |860 205 |nd nd  |nd - nd
227 |[(Me,Ph)pyH]Ni(hfacac),|0.0176 |80 3600 330 |nd nd |nd |nd
30 ' TABLE4
Mass
Catalyst Productivity, | ALNi, Molar
Run Catalyst , (@@ |T, (°C)| (g PE/g Ni) Ratio
35 [231 |[(Pr,Ph)-6-MepyH]NiCl, 0.0183 |27 0 232
232 |[(Pr,Ph)-6-MepyH]Ni(hfacac), |0.0085 27 1500 753
234 |[(‘Pr,Ph)-6-MepyH]NiCl, 0.0153 J40 0 278
235 |[(Pr,Ph)-6-MepyH]Ni(hfacac), [0.0142 {40 3600 451
236 |[(‘Pr,Ph)-6-MepyH]NiCl, 0.0128 |60 0 332
40 [237 |[(Pr,Ph)-6-MepyHINiCl, 0.0122 [80 0 348
237 |[(Pr,Ph)-6-MepyH|Ni(hfacac), {0.0224 |80 0 286
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-8)  10% Catalyst () (°C) | (g PE/g Ni)|Molar Ratio| (g/cc)

241 |[{(Me,Ph)-6-MepyH]NiCl, 0.0107 127 0 281 nd

242 |{(Me,Ph)-6-MepyH]Ni(hfacac), [0.0254 [27 |1900 233 nd

243 |[(Me,Ph)-6-MepyH]Ni(hfacac), [0.0556 (40  |2900 107 0.941

244 |[(Me,Ph)-6-MepyH]Ni(hfacac), [0.0167 |60 [0 355 nd
10 |245 {[(Me,Ph)-6-MepyH]NiCl, 0.0086 |80 0 350 nd

746 _|[(Me,Ph)-6-MepyH]Ni(hfacac), [0.0351 (80 |0 169 nd

The data in this example show that pyridine-2-carboxaldimine nickel
complex/MAO catalyst systems have much higher productivity with at least one f-
diketonate ligand than pyridine-2-carboxaldimine nickel complex’MAOQO catalyst
5  systems having only halogen ligands.
Example 3
This example compares catalyst system productivity of pyridine-2-
carboxaldimine nickel complex/MAO catalyst systems wherein the R’ group on the
pyridine group of the pyridine-2-carboxaldimine ligand is hydrogen or a methyl
10  group. Higher catalyst system activity can be achieved when the R’ group is a
hydrogen. Polymerizations in the following Runs were carried out as described
above, with a reactor pressure of 3.78 MPa (550 psig) ethylene in isobutane slurry
at varying temperatures. MAO was added in a 10% wt/wt solution in toluene.
Polymerization results are listed below in Table 6 for complexes [(Pr,Ph)pyH]NiICl,
15  and [(Pr,Ph)-6-MepyHINiCl,, Table 7 for complexes [(Pr,Ph)pyH]Ni(hfacac), and
[(Pr,Ph)-6-MepyH]Ni(hfacac),, Table 8 for complexes [(Me,Ph)pyH]NiCl, and
[(Me,Ph)-6-MepyH]INiCl,, and Table 9 for complexes [(Me,Ph)pyHNi(hfacac), and
[(Me,Ph)-6-MepyH]Ni(hfacac),. As used in Tables 6-9, “nd” means “not

determined” and “-” indicates that an analysis could not be performed.

20 TABLE 6
Mass
Run Catalyst T Productivit‘y ALN;i, ' Density
Catalyst (g) (°C) | (g PE/g Ni) | Molar Ratio (g/cc)
311 | [(Pr,Ph)pyH]NICl, 0.0245 |27 4900 137 0.965
312 | [(Pr,Ph)-6-MepyH]NICl, | 0.0183 | 27 0 232 -
25| 313 | [(‘Pr,Ph)pyH]NiCl, 0.0286 | 40 820 118 0.965
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= ostuvwxyzmL- 10/- 10% @10%( & ()-710%$10$10%- 109%& () K, = -
109%& ()-y|[?L- 10/< 10% (' & ()- @o0% (' & ()- @ 10% (' & ()- @0% (' & ()-
@ao% (' & ()- @0% (' & ()-cCL- 10/< 10% (' & ()-q < 10% (' & ()-q <

10% (' & ()-q < 10% (' & < 10% (' & < 10% (' &

IO%E & 8 3 < 10%%'& 8 3 < 10%E & 8 3 < 10%E & 52))7339{%85/”(280(2) q <
10% (* &() q < 10% (' & ()-g c-,-5W?C <180% (' & ()-q < 10% (' & ()-

10% (' & ()-q < 10% (' & ()-q < 10% (' & ()-q ' *,0dD, - 5W?C < 10% (" &() q <

()- &1)-q

10% (' & [J-q]< 0% (& < T0% ([ @vads O < 1075 U & U= 0 i & O
0348U\ _nM , - ¢ 10% (" & ()-q < 10% (" [&Chthty& |< T0% Probiuéaiviedl < MO (| Befohry T
5WE?C < [1RRA (" & ()-q cibigspi M, - < 10%G) & (1°0) [< (@ OR(N& [() R&tcD VW 25/ct)
igfﬁ’g g 346" | TP 6-MepyHNihfacach || 60356 1 40, o0b ~ 7P foz™ LT Hod
10% ( & k32l | dMGEDpyEINihEas), ?XZ,;} GodaT T3 ; |, 48200, (g @700 0 ()| <
10% (' & [ 34% | {fMe.BRpyGiithfagas) - ¢ < [16883° «f ?0) 2820005 (* & 243-q < 0.950
10% (' & (349 | JOMSQPh)<6-MppyIINihficaq), | 0.0167 0 355 -
51 350 | [(Me,Ph)pyH]Ni(hfacac), 0.0176 80 3640 330 nd
351 | [(Me,Ph)pyH]Ni(hfacac), 0.0280 80 | 750 207 nd
352 | [(Me,Ph)-6-MepyH]Ni(hfacac), | 0.0351 |80 |0 169 :

Comparison of Runs wherein a MepyH or a pyH group was in the
pyridine-2-carboxaldimine nickel complex shows that, usually, higher productivities
are obtained with a pyH group than with a MepyH group.

5 While this invention has been described in detail for the purpose of
_ illustration, it is not to be construed as limited thereby but is intended to cover all

changes and modifications within the spirit and scope thereof.
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are selected from the group consisting of methyl and 1sopropy1
9, A process according to any one of precedmg clalms 5-8, wherein said R’
| substituent is on the 6 position on the aromatic ring and is selected from the group
| consisting of hydrogen, methyl, or fused phenyl and mixtures thereof,
10. A process eiccqrding to any preceding claim, wherein said pyridine-2-
carboxaldimine nickel complexes and seid methylaluminoxane are present in the reactor .
in amounts to have an aluminum to nickel molar ratio of less than about 850:1.
11. A process according to claim 10, wherein said aluminum to nickel molar
ratio is within a range of about 50:1 to about 600:1. |
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a) the pyridine-2-carboxaldimine nickel complex defined in claim 5, and

b) methylalumuinoxane.
15. A composition according to claim 14, wherein said R” substituent is
selected from the group consisting of linear or branched aliphatic groups having from
about 1 to about 8 carbon atoms per group. '.
16. A composition according to claim 15, wherein said R” substituent is
selected from the group consisting of methyl groups, isopropy! groups, and mixtures
thereof.
17. A composition according to any one of preceding claims 14-16, wherein
said R’ substituent is selected from the group consisting of hydrogen,branched and/or
linear aliphatic radicals having from about 1 to about 12 carbon atoms per radical, and
. aromatic radicals. _
18. A composition according to claim 17, wherein said R’ substituent is
selected from the group consisting of hydrogen, methyl groups, ethyl groups, propyl
- groups, phenyl gro‘ups, fused phenyl groups, acenaphthyl groups, cyclobutadienyl
groﬁps and mixtures thereof.
19. A composition according to any one of preceding claims 14-18, wherein
said pyridine-2-carboxaldimine nickel compiexes which further comprise additional
ligands selected from the group consisting of B-diketonates, halogens and mixtures
thereof and said methylaluminoxane are present in an amount to have an aluminum to
nickel molar ratio of less than about 850:1. .
20. A composition according to claim 19, wherein said aluminum to nickel

molar ratio is within a range of about 50:1 to about 600:1.



