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vari ed and useful properties may be 5 produced in processes using at |east
two pol yner | j catal ysts, at |east one of which is a sel I or
cobal t catalysﬁ#ﬁggr t he synthesis of polyol efins. TECHN CAL %&B%%&

Pol yol efins are nost often prepared by 10 pol ynerization processes in which

a transition netal containing catalB@LEystemis used. Depe

process conditions used ap@imhlfﬁfﬂ@dﬁstogsbiggghghosen pol Mwmmalﬂ ﬂ\m“’

t hose made fromthe sane nmpnoner i ng properti t he
properties which i 5 may chM&-ﬂMght and ol ecul af%iRET ght
distribution, cPpipmeisniiyh vetidch@nudiusefubr pnopengiesmayglkess transition
{ erper akur @ oGAEER! £ ObSDLECH Al MR G 1389 LS CPb AmdPI LN Y StY 1 but Fon,

branchi ng e other properties nentioned., 20 It I's known

that certaic?tRAdAsFti 8h HeRet Wt r‘I‘i*‘r’r(’fhpéFyPreFFk%L‘E?% ’c@’hl%ts

cont ai ni ng dobaNtokacabatt, £ wspasimibesissefupol popetimeri zi ng et hyl ene

and propyl ene, see for instgacendy REko |'i cati ons 08/991372, filed

Dec. 16, 1997, and 25 09/00 ; 1998 ("equival ents” of

Vorld Patent ApBbilyvairéims osre Mot Afdesgp3epazsd PY is al so known that

bl ends of %loi%@&&zﬁ@kbﬁﬂ%ﬁocéé@és Vi WHi®h hn@&aﬂsﬁtidsn rdesul ar wei ght,
stallinit [ or, br anc may have 30

nmol ecul ar vvel di st HQ%n § htr%q
advant ageo¥& F&Béf’?l ga8t2 t'arsesﬁls G LS RGeS pBTYTRIEY KB MMStance it s
known t hat pgologser sonfihibnoadsen dridnidel catkhéysat asyskemhechaelien.ri buti ons

may often %1%@&9@9%8@%&@&@&@&&% m@essaélxhanéxh@ﬁ(mrrﬁéawer nol ecul ar
wei ght distribution Al so, % n%gl astics_such as crystalline
g

pol yner s V5t t"é‘ﬁybg %ﬁ%"é Sy bﬁ°érﬁd| t RERPRETHRE R Bol yrrer s.
Ther ef ase, mapt ltbdsgef ape adazlbwlglapolvwm whidchol ebelentweigrtoduce pol yner

bl ends aredH%%&Ebu@§Qﬁc'@i ¥t$ff1ﬁ“ﬁ¥” déltlnB ¥Ex 9|5£¥gﬁ%ﬁﬁn ./ Sept ember
2002 PCT/ US99/ 06769 if a eﬁ&ara (and expensive) polymer mxing step

can be avo@él’@dgllaiéﬁe%Fn?ht%%ht %Fr?ér‘ﬁrfatl ExseBhet QhJUP PP &Hnar e t hat
two differerighat ahygsinsleayl antesfgite d&stthlbnelaﬂpthﬁanclo:rng ndaatr act i n such
a way 5 as Qg %‘tvﬁéi‘ t?*;@gJ:@hé)P'ﬁ’fH?ﬁert\{%rs ﬂ.?é%t&@f@&ts of "sinul taneous”

ol i goneri zation _an zat’l o form (in nost cases)
branchéd pol yet B¥l éﬁeE“ﬂ‘&%et%bé"aﬁ"&fll% tt‘ﬁ‘ésl’-fcﬂ-@Fa‘PﬁF%l see for instance

\é\bg :Bg Eitz erﬁonAﬂﬁhgﬁgt poDy &Y 10080n |dadd1ystBatent 8idind3i 7&b, o:!5I 856Ch 610,
Rapi d ConmiPELgs) 2%, 880e Syptly (ks s ReimeEl aPhe AT AR | O

Pol yrmer Engunﬁeélrpﬁglaha Seeenter m-ﬁtanm UpS-188benia72 (1988). None of
thesef r ef em@me&aiﬁzoﬁgeoafslwm1hz/, deisieyd e, anyshoup‘mp m@ceséies h$rHEi n or
any o et hyl.en i e

P@/%%%ﬁ%g QIVRS! Y& ]I.f %.SSQ%I a( gfépéyag.%ég #Tevf‘?rzla

| NVENTI hi’s JiCnvent Fon- cohcer ns” ‘a proces i on of
ol efins, cdigwensi Agplécatiens n%ﬁltﬁﬂﬂér‘l 20 §ByAEFL2] ng k@nmtakﬁ@ (a) a

first acti uch@l YRBE 5@&1:@@ @ﬁt@is/tsitnétor rgl ethas v@fyhféls a Fe or Co
conpl ex of .a gand . of ffrrml ] ﬁ%)‘ erel Rl RZ and R3 are

[
each |ndeper§‘(f Y ﬁ?dV‘S %‘ﬁu c.ﬁyol'feojt,gé‘rﬁdyIm° %?Ftﬁ? fiydrocarbyl, or an
i nert functdietaiibyicdapy QOYQaJaer:hm:arﬁélddmhbrndebéMemay hgﬂdirogen

hydrocaxobyladv&mltlagebhsfplas;sé@@fés Hohpardd sebekihyied fydymess byl : and 2

I 27 Septgrber £392, V0, 991 50318 RGH U89 /y(x)ngz:ggwith broad or

ins
bimodal molecular weight dlstrlbutlons may often be
melt processed (be shaped) more easily than narrower
molecular weight distribution polymers. Also,

35 thermoplastics such as crystalline polymers may often
be toughened by blending with elastomeric polymers.

Therefore, methods of producing polymers which

inherently produce polymer blends are useful especially

I
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and R are aryl or substituted aryl; (b) a second active polynerization
catal yst for said ol efi ns which contains one or m)re}tran%? Septemhear 2002 5
(c) a least one first ol®&fin capable of being polynerized by said first
active pol yneWO2ABPHR catal yst; and (d) at |east one second obefusywmpsabl e
of being polynerized by said second active pol ynerization 10 catal yst. This
i nvention also concerns a process for the polynerization of ol efins,
conprising, cbhtacldter wearapel yardi expensiondi piodgser (@)xbdnd istsdp acti ve
pol yneri zatio I : 1 i,d..ol ef i [ r conpl ex of
a ligand of t ae&%?rr%‘f%lzée% ~§°§?j)vgahle1?eéldr§1 %%&?‘?kkggﬁnﬂfge each
i ndependent | yShO@FdJemh awirdr d8arbyre dibiriankt S tAYAFEESPBYI, or an inert
functi ona:c grm‘rf&ran&% oaéegﬁaehei:ng@rz)eind@ﬁah ; ch_lﬂ)bidisoglenad d%/;,drogar byl ,
an inert nctjon rou I i 5 hydrocarbyl; an and R are
aryl or su st'i%"t:'u edg%ﬁll%as?bn)gig éé%%ﬁ%gacti ve polynerization catalyst for
sai d ol efi ns whi chVa&birus repegésopInds EMY I EANHAISoN CAREERST 1B XQ) a | east
one first ol efhdd saPAd e Qftikel B PehyIed zed Mynsatid hbsstcasdd ve

pol yneri zation_catal yst:, a 27 _Sept ember 2002 9/5031
ber Usoor 067 cBrtaghet T eulhylenescBRTE o ar e gtn thC0r  BOT R 4 yrrer | zed
by sai d secondeacfoweipstanmer WoalldoRatentlApnlicatdopr 807/ He@BYhat: 5 one or

both of sgjd figstpptehid Andssakd, second, @lef is) 6gs, eyl ene; one of said
rizatj on catal yst

first polynerizatjiopn catal ysts_an ald second poly
produces an OPYS%JHEQS’%T 4 5f'§t7|]mga§R6@-|:Qﬁ-‘i§3?rr'orﬁtsg§d‘e¥ﬁ TE¥HE: - 10 wherein
R6 i s n-al kyl Chand Rapidntdwechnpel yollef 12, is. 639-d@0ct(18P15ai and

pol yneri zati of P§OCESShar,Net 12AVENELOYNAL SEhLGNESERY nBOLYIELLZAL T ON
cat al yst component, conprisin 8 %a first active polynerization

- t5 oly
catal yst for ¥8id of ef?nslm'gﬁﬁzs( ) or NSRe& SpltERSBf TREETYRGRS of t he
formul a: B4 . spe€lfifd Whedemiaribllk, ah¥ andtiR8 prozesaebh hadepenstent |y

hydr ogen, hyd a £ Lt or..an._Lpe ctional
gloup: R and R é?é*%%%#&%&%@ﬁ%%@:ﬁ AL APRO LT O et

functional group or substit C 2 S and R are aryl or

substituted aryl; thysaimeatidnaebneeridl y @rdckals garcehal yst for said

OLerins, whi ChaSPREESa %, ¥r UR68:hENSLL ALY, MebRk BeclfY dhgdl Al vst
" 20 polymerizing conditions:

{a) a first active polymerization catalyst for
said olefins which is a Fe or Co complex of a ligand of
the formula:

25 (I)
wherein:

R', R? and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group;

30 R' and R® are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted
hydrocarbyl; and



271 Sept enber 2002 WO 991 50318 PCT/ US99/ 06769 (d) optionally one or nore

pol ynmeri zation catal yst activators for one or both of (a) 2rSepténber 20020
described h gi Qsigana pol yol efin containing at |east 2 ethyl branches, at

| east 2 hexy' &vs® ger 5 branches and at |east one butyl brRGTE¥S9886761000
met hyl ene groups, and provided that said polyolefin has fewer than 5 nethyl
branches per 1000 nei hyl ene groups.. This invention also includes a

pol yol efi n, cont ai n‘?‘ncj’“&‘bguta% 3% LSGuE RSB I bREFR Y iGf the 10 formul a

- (CH2CH2) nH wher ¢bn & secard iatdger polydet Dzdiflihn prawilged £bat said

pol yol efin I t b et hyl ene

gr oups, andg%rigvggidi%gﬂ{ﬂgﬁ?é:r%gagﬁg %Q] e%g% retg%grs%ggges of differing n
val ues are Pe&3édat. DETAINS OF THE I NVENTION In the pol ynerization

Er ocesses and cangi yﬁl%ésitcctmo_ $iitrisQn516251$féaQ%blb§bQi Begagtain gr oupls may
e present. rocar i.S ant a_unj val r adi jcontaining only
carbon and R%V‘Béﬁhze ))Dzusoas“tq {Eﬁ.trgé ﬁyg%‘é% y)f Ster 5?‘% I's meant a

hydr ocar byl cgtelpswhi @dd cont ai ns one or nore (types of) substitutents that

does 20 not interfiprgeWddst sheORREahH0P1Ofi4 heap@iemeki Bakhgn catal yst
system Suitabl e substituents |n so ggh%/rrerléggl onstma i ncl ude sone or
ca éh

all of hal oPOS¥PEF2RAtRY (TXY) 5 osphat e,
phosphondt ecaphdgphi ne, phosphi ni te th| oet her, , am de 25 nitrile, and

ether. Pref e”edﬁﬁ%’sﬁ&é&%ﬁoﬁu aarl%oh%ﬁce@ﬁ;eé pAHdIQ £ RRe Carboxyl,
phosphat e, hos

onite rPchfs hi ne, thl nif e, t hi oet her, and am de. Wi ch
subst i tutenPé’ é(F‘érE%%’f"a‘P v&ﬁecfﬁ'“ﬁol ¢ PF&%’(‘?%né:WCtﬁngoHﬁ Eases be
determ ned bylysteieine ¢onditSorRatent 30 Applications 08/991372, filed
Dec. 16, 1997, ang,0 / h correspond| ng
Worl d Pat ent Appl ?cafgl ggs%?]% thvje %O\‘i/v%\[ﬂ E}Zatgﬁgr e(t%qg'lstrﬁc?bge
ref erende. BRLiSnCARFENFOYRISH iiS Pedt O&. CANFYRR R fr Sup lW’}B§e°\fr ee val ence
is to a carhkeae @bomuBsd: of an aromatic ring. The aryl noiety may contain one
or nore aromatic ring and nmay be substrtuted,by inert groups. By phenyl is
meant the C6H5- radical, and a phenyl i or substituted phenyl is a
radical in 5 i '~ 27 Septenber 91 50318 PCT/ US99/ 06769 whi ch one
or nore of the hydrogen atons is re ed by a substituent group (which may
i ncl ude hydrocarbyl). Preferred_substitvents for substituted phenyl include
those |isted above for substituUte arbyl, plus , 5 hydrocarbyl. If
not ot herw se stated, hydrocarbyl, tituted hydrocarbyl and all ot her
groups containing , carbon atons, s_al kyl, preferably contain 1 to 20
carbon atons. By a pol ynmerization ®at al ySt actlvat or is nmeant a | 0 conpound
that reacts with a transition netal codpound®to form an active
pol ynmeri zation catalyst. A preferred gol ynmerization catalyst activator is
an al kyl al um num ﬁongound that is a conpound which has one or nore al kyl
groups bound to HR®APURT num atom |S By a polynerization catalyst conponent
i S meant20a conposi t Ron Rhandby idreeleRchoindépendargdot hgaraigeh,one or nore
ot her COWO%%%(:QEE&@”%J%H\:IJ% RiyaseRaepel, tdie ol ghhe o be
pol ymeri zed) catal ol ynerization o olefins. 20 Noncoordi nating
ions are rrerﬁ“i“&ﬁéanéﬁdgﬁ%‘é?ul herein. Such anions are well known to the
artisan, see for ingfane RV aBeckach extn@lpe,ndGhemy IRedrogetgl . 88, p.

1405- 1421 (188bc 4ol 27-942
(1993), bot h%,%% \/\/I‘?lﬁa'B lélraelll_|hlelr%I{Jt’m%@1 I ncﬁg% 5?%‘1 rer?es?‘lebﬁggtgﬁe ative

coor di ndi ngt Y9§°FF‘FP¥§' of"Quch noncoordinating ani ons axe described in
these references, Bebkard RJ. atéldrynnsk StubatssuBedparP32, Table I11. Useful

noncoor di nati ng 0] BF9 erein BAF is 30
t et raki s[ 3, 5- bi s?g ?I a%zrg%llr‘rgt %Qfehgnl%sg%aggmrh neu lly %QWI s acid or a
cationic Le\ﬂasldoPlBlféﬁgt@bll@m@PWﬂs@ ©deneerneYe |tsraals\p,éalor1y coor di nati ng
anion is al sfetpnesent as part of the catalyst system By a "neutral Lew s
aci d" nmeant a ound _whi ch Lew S CI d pabl e of abstracting
X from Sﬂol) to fd E]mg 188 aRFy°% oérltfsr?atc’l?'gglﬁnfﬁ%a fc%f'fngeptenber 2002 WO
991 50318 PC‘H@S@@F@G?G%Y_SaMzIfHFt active polymerization

catalyst; and




(ry) In (1), Mis Co or Fe, each X is independently and anion and each X
is such that the total nggative 5 charges on X equal the & Septembes2602 of
M The neutral Lewis acid is originally uncharged (i.e., not ionic).
Sui t abl e neut r¥P 9%¥831& aci ds i ncl ude SbFS, Ar3B (wherein Ar i sper/ybgososhsoi d
BF3. By a cationic Lews acid is neant a cation with a positive charge 10
such as Ag+, H+, and Na+. In those instances in which (11) does not contain
an ﬁl gyl do; hyﬁri dedgrafjpleﬁteame gs@mdl boefhe oRpabl4ioL.bedhid S got aldkyl
or hydride), t neutral, Lew s. aci r Lopic. Lew r Bronsted ac

al so 15 alkyléfgngFlﬁﬁasb% ﬂ?ﬁ?ﬁ 54&3 %ﬁggﬁgtgf?y?ggi?agﬁﬂges an al kyl
group or hydricgéalysbeconme bonded to the netal atom or a separate conpound
is added to add thgnal k¥bvoseddidtde group. A preferred neutral Lew s acid,
whi ch can al kylate 20 the netal, is a.selected al kyl alum num conpound,
such as RggAl, R92A1CEPeR§£§ﬁ%§?c&ifalﬁgifﬁsg(giﬁg¥ﬁl noXshes), wherein
RO is al kyl cow®candi pgefitoi2betdarlizoreat ons, preferably 1 to 4 carbon
atoms. Suitable al kyl oabugknym & onpaungs 1iviekyder 26n MeL iyl pd ddridiexane
(which is an oligoner with the genenal fornﬁla [NbAIC% ") , (CZHS) 2AlC1,
C2HSA1C12, anéiléﬂﬁﬁfﬁéﬂ@@#%ﬂ.l?\?&%ﬂn rAFATEES BoRAYGES NBHg nay be used
to bond hydri dd igiomeps of othéef onatwal a M6°<F10=)<CI-(2I ¥ramdséid)epnelene,ed fornul as
and conpounds r; eu .0 . Pat ent Applications 08/991372, filed
Dec. 16, % 97f§§% 1§9%002%3T,agr§%6 %g%, 12, 1998, and preferred groupings
and conmpounds in thes@ BppNFbediRmiycRefip isga product pof fajdnper 2002 WO
99/ 50318 PCT/ 9meeietabs prscegy ef erred herein. However the conpound
nunbers and group ;€. el MUIBEIS, IDAAGHE PRLIGALL DS [BY vary fTom
those herein, but théy are readily convertible. ese applircations al so
descri be 5 symai@div§toroppynant (FIMPTIFIEYE are many different ways of

B e descri bed 10 LS. At oot Aopl | cats e 08 99132 Frl pot oe 16, 1967
are described in U S. _Patent.Applications e C. :
and 09/ 006031,5349 é’iefdniah’f’l@,li@ © B CEnaohBLEx iRk F | herig S
appl i cabl e her@dien forPyde" conpounds which thensel ves nmay be active

pol yneri zati on catal ysts may be used, or Rfhe agdive polynerization catalyst
may be prepared in situ by a varietygof thods. |5 For instance, olefins
may be pol ynerized by contacting, at Mture of about -100C to about
+200C a first conpound W which is a al Lew s acid capabl e of
abstracting X to form WK , providad that the anion formed is a weakly
coordi nating anion: 20 or a cationic i & or Bronsted acid whose
counterion is a weakly coordinating a VWhich first active

pol yneri zation catal ysts will polyne | ol efins, and under what
conditions, will also be found in U S plications 25 08/991372,
filed Dec. 16, 1997, and 09/006031, file®& Jan. 12, 1998. Mbnomers usef ul
herein for the first active polynerizatilon catal yst include ethyl ene and
propylene.uf\preferh%qeggqoner for this catalyst is ethylene,. 30 In one
preferred process descii bed herein the first and second ol efins are

i dentical, and preferRed Bl &ng i s RAFM {HC6Pe88eRE &Y REAERFR  as

descri bed i medydicdarbglioveubdbetitédthyairboarbsdcond aheihast may al so be a
single olefin gr. a;80x5U8.Q5.0l efins to nake 35 a copolynmer. Again it is
preferred that ﬁhey be,identical, particularly in a process in which

pol yneri zati on by the¥|#3% Bindrgceafll poisrridenttlidokydaegrPst s make

pol ymer sizul tiaydmedrpyl8 an' ime?t Sepdwidirn 382pV\Or981b9818uted

PCT/ US99/ 06769, J 4y S Rr.0gegses herein the first active polynerization
catal yst may pol ynerize a monomer that may not be polynerized by said
second active pol ymer Rza#R@rR cargl 95¥1 andsepstdtrcadersgyli;In that 5

i nstance two chem cal)l v @:eSB&lgacac@Wytr@sw_th zlaetilah?)daeegiys%nf@flot?elr t
scenari o-two npnomer.s u e present, W one pol ynerization catalys
produci ng a cosp%llé/’rer?e]]'e,ﬂ%ﬁdwpﬁghof?ﬂé?a’p%sf VT i%/afi°6R %5?8%&0% oducing a .
honmopol yme®0, oretaddi:copol ymers may be to produced which vary in the nolar
proportion or repeatc)uni tcathi9Btt B@pyekd Ousmdononers. O her anal ogous

conmbi nations will be evident to the artisan. In another variation of the
process descri bed herein one of the polynerization catal ysts nakes an 15

ol i goner of an olefin, preferably ethylene, which. oligoner has the fornula
R6CH=CHZ, wherein R6 is n-alkyl, preferaply with an even nunber of carbon
atons. The other polynerization catalyst in the process (co)polynerizes
this olefin, either by itself 20 or preferably with at | east one other
olefin, preferably ethylene, to forma branched pol yol efin. Preparation of
the oligomer (which is sometines called an a-olefin) by a first active

pol yneri zati on-type of catalyst can be found in U S. Patent Application 25
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. ~? ~ 2T Septenber 2002 WD 99/ 50318 PCT/ US99/ 06769 cat al ysts incl ude
tranS| t'i on met al conpl exes of ami di m dates and certain irzmseptefeni2do2
conpl exes of (1). The anount of branching due to incorporation of the

ol ef i n R6ECH=ChiZo p91s0818= pol yner can be controlled by 5 the ratirTafisssnelsef i n
form ng pol ynerization catalyst to higher polynmer formng olefin

pol ymeri zation catalyst. The higher the proportion of a-olefin formng

pol yrer i zati on_cat alySpptignki 0fcind e ABRUNboDIméY ARNIGHO cabalyst

honopol yet hyl enes that are nad e frompalymers with little
branching to FGYYEFETFnEeR BBﬁf% ﬁ’oﬁg‘nﬁ% ahchd, H%(%hat is from highly

crystalline to anompsousehonbped yreiteinedssa Pnlmleewr‘efcmﬂt@dnﬁ-@igm
especially Wigh a8k ¥S§%£hg? PPLYSIdY! eRe 1685 bed Nbpdar UlhREOCESS 9

carried out 1 ase. IS believed that ny cases in gas
phase pol yrfrerlbzf@tﬁ‘:@ﬁsv\,ﬁeﬁ BBt he%%ﬁ aﬂrs?stbé'tﬁ}ebﬁ?%%’erﬁe’i rim[ e same particle
on whi ch pol ymRitngakenengirdupaki &gd phaoce detlothex asqpd a mllygnlreeﬂ.ﬂry hassupport ed

catalyst), the 2.0l %[n';a‘ﬂ S nEERFE! Bldnorll bebenbby soatihd pplagpar] zed 1 nto

the resulting po ous. or.  onl %’gvelﬁ crystall'i ne

honopol yet hyl enes é‘ﬁesbépﬁgnﬁﬁ% ﬂﬁé’ phGdad §Snﬁyp £3%d out in liquid

slurry or sol Lgdmlnlmgt ABouar eat torekafutt NE0pboerskeslesirtitzged in the 25

i nmredi at el cedi.ng h I i1S ed. By
0 ERGSIT RREGEEACR BnOouEl oITORA! YELAULENSE 18 oY QS

"honopol ye ahce 15 meant r prod uce in a
pol yneri zat i orpncnrmdclthetth)‘ilaeﬁep‘iﬁkyftlrﬁafl@nF‘?Spéﬁ({iﬁe‘i‘lﬁ%tﬂh@”{ﬂ &% n added to
t he pol yneri zahétiy bachps perd§80 npthplens growps, andepovided gt %)rang‘mfabb‘a%l mul t aneous
reacti ons. Howgnéebrahdhes of diffctngatvabuds arhatesenhe pol ymer produced is not nmade

by the direct polynerizati on pHragBY b NerR BRENTTel DY the copol yneri zati on
of ethylene and a-ql efins mm—rn—m% The pol yner 35
produced usual |y cdft &PRsPBAYPEHT 2RSS PGPCEARET o3I SR (@ SItudi ng end
groups) - (ICH2CGCHdMpoldintiensi deachbéd dreminecepteferaidups] ntay H@0, nore

preferably 1 t93Q,.0f & V\Dpe S iRehe 40005 NBL 1WA BHE anQﬁ% Normal |y 10
b, 27 Septenber 2002 9 03 C1/ U899/ 06769 there wl| be br anches
with a range GA°PALNIRG: AB Bo??ﬁé‘?n apck DYABARER of BheWPIidndsss (as

neasured by t dtyalroeetrbyl hepeps)is mesne pohydeocariefleratiup maighs from
about 2 to ab%t%ggs eag 68k%$ye p(ﬁfg gaeky gppyhéz%&t% At 4bhis, more

pref erably about to a speci erably about 20 t

about 150 Br afGfednsert feeowm h'g/freer?eegraéaag Ph %frﬁe RSO WRRET ZefdPnt he met hod
of neasurenentcaeuadyeal eykatkinon, susﬁﬂamler lsdbPai eaénAppln Gakdeon 96/ 23010) .

Anot her pr ef ergl ﬁ\féggg&éﬁ fx??é %d%rggﬁi@eér'énabo%ﬂhaﬁ%t %%S%Ut 200

met hyl groups pe on at SO |6re erabl e

(ei ther al one K&t9 fo&8hbi ﬂ’aﬂ’%n J\ﬂ)iltrﬁ"t I‘fé’:B‘E’m'H= pi?’é?%‘r’%i-b:lee f eat ures above)
t hat in these ghozpbbeadtppl phesshiner @hiospAinl easttid detdreheamiadelh of et hyl
and 15 Ny lnQirih@00ShacBinl | SASlecdnans ULYI L1000 FRLRY) ene
groups, nore pre ferabl east ranc es eac and " n-hexyl or
l'onger and at 9¢&sw Emhnﬁut YPLRR o fEFEOXYer Rb@@m%yl@?@%P@l}ﬁﬁh and
especi al |y pr g¢hersphliyeat pheeﬁhlﬂ&dqr &rmalaeeheaphaxod ati cRi.hyWwhaed n- hexyl or

| onger and at . t ene groups. IS

al so pref erreéﬁ%%%ét?ﬁgflgga%{e rmé?eg&e hyI ér e%er‘é‘r%aﬁ'&t 3Is B‘Iaé{nches in
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often does so at a rate conpara ymeri zati o

Sept ember 200§”WEP991553IBhﬁﬁﬁ¥USD9F@@¥6§hﬁa$§ﬂ5tmﬁ4?¥ﬂ@lvhéﬁF for the sake
of | ow cost, Iphienglr abdaetyeby suhtdtutiekdephanyl chndi tdadizafloinsuch
polynerizations particularly for catalysts of the first active 5

pol ynmerization type, will also be found in all of these patent
applications. Briefly, the tenperature & which the polyneri-zation is
carried out is about -100C to about +200C, preferably about -20C to about
+80C. The pol ynerization pressure which is used with a 10 gaseous olefin is
not critical, atnospheric pressure to about 275 MPa, or nore, being a
SU|tabIe ‘range. VVth a I|qU|d nonomner the mononer nay be used neat or

oy o o o - Y “AZ 7 1



Ri«(1V)i, wherein: 12 27 Septenber 2002 wo 99i so3is PCT/ U399/ 06769 RB and
R13 are each independent'ly hydrocarbyl, substituted pydro@arﬁ@pltembelazmmert
functional group: R9, R%, Rzl, R14, R15 and R16 are each i ndependent |y
hydr ogen, hyWo9&03$| , substituted 5 hydrocarbyl or an inert picgnsodeered
group; R12 and R1' are each independently hydrogen, hydrocarbyl,
substituted hydrocarbyl or an inert functional group and provided that any
two of R8, Rehid¥,orRRlbRmor20oR18he Riyidrdyen aRicSnsmds Rleplabat Bye vi ci nal
Lo one anol h!sul e dR0SLOGL TN AT 1 e\% EAREEghLY Q1 Teront

active polynerization cat are use neriza n descri bed

herein. The ?F‘F%er?ﬁq|W5§éFyﬁ§FFz§?¥oﬁu%’%h‘}% |E¥1915/1dé§6|1P56d in detail
i’:l_boye. The seﬁeﬂﬂ p;fcéﬂete apRVEMEDE Zahboni pat el Mdf&bér&iﬁo pees theb
imtatiops t he f.irst tiv merizati n must be

chem cal | dﬁ¥?f%%?rb5ﬁbr ﬁﬁspgﬁcg%xf“’lse shaa%\}ce roc n?yéf ansition netal
present, andfebstifyfieck Pa/dZ@CIairQahdamﬁl @hl de e s;licnlwt cgdtainipgt ween t he
first and seegpgoRCititss PRAERZAL kPN, Cot# & SdiS1y Idbr@R@npneter ped process,
the Iigand txge and_the netal are the sanme, but the ligands differ in their
subst it uent sSoFRCE REWShi t hin the definition of two active 25

pol yneri zati on cabnlyspelymegigpstienscahalhnsthact sakfe Ysomgapti 2ati on
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al so be usedcbRpothe, SERANd AGt iReBRhYTERI ZRIAOD SR Al sloxeFor 1 nStance
ioenly (e dor GorgPr y

so-cal |l ed Zleg ocenet ype cat sts may al so be used.
These types 8fk85 FEPEPS RWngy éOWéPI akABIRYT 2§ MR- pol yol efin field, see for
i nst ance 1Angew. Chepy,a IpdlynkedizERgbn, c¥0hlySO, cdmpddett 1k70e@hd9y ,

Eur opean Pat en 16,8 u.S. ,4Q1.for

i nf or mat i on gbéﬁ‘ﬁg%ig@q%e% Bbaro8lt, 0D vhreh s e &35 oareo

met al | ocene- Pyﬁeoéa‘f\%ﬁ%/sctfsheraﬁ@mPOUBéér (gptiommbhy ekNdthea PCREERFSt s and
Pol yneri zat emSthé\cadefmcs I%roe$><é pblevin¥el ked 1978 H1yid¥ anat i on about

Zi egler-Natta- E’éﬁe catal al St oal%lgf whi ch are hereby included by 5
reference. SHF e fa?e metal® transiti on cat al ysts will be found in Wrld
Pat ent A@Pl i cat i oNenOSP XBIOEX imgd 197502298Mmehbitned awnd atsedvd her eby

i ncl uded by ne&eienceSumram@‘nst hgeugeful kn@wneéimé it icandi kans fox
I’T'EI’I Za on cat al yst S

thesetypes cata dth f|r Oatlve i
coi nci de, so 85ndi’fjf%ﬂ%e 3’@7 R4 poﬁ%n@ iza ?%‘ﬂs Yh’ ¥t 28ndPsecond
acti ve pol ynﬂl‘lpéawbh ChQ&ﬁ)ystagldaISe dasBryaassesShdm e Re t,emoilnes t he

"co-catal yst's30rp ag,tgwgupr 19'9%)”%@@91 ber whetr! é@@%‘@réﬁy
onet’i nes needed for

Ziegler-Natta-t t
2ot 0B LIRS ROLYRIGALYS, pLDieD 2l sy oo s nesied or
i nstances th@fsanehcomwmlr@tmngaenannal kyeadiemnmnd:anpamde may be used

for these purpesesnfes, baddk tapes af1R0l YR EZRLLOY LatAl ¥3bs. 20 Suitable
yst  al so, i ci ude

catal ysts for 2 econd og nmerization cat al

motal | ocene- BFBEecIELt ys1SSt Ul RASCOPFALAA LR BEs PAEBA( ISR 500 and

Eur opean Pat &bF¢ApBAFGaPFeon ©29BBH8; whareiouBaAF| ys advant ageous are bridged
bi s- i ndeny| rE%ttQ'Ek?g?§'e§-bf@(tfl’ﬁh%’i%ﬁteﬂﬁygggﬂgﬁgi]Anotﬂhéq US Pat ent

5,145,819 and Eur gpean Patent Application™9 er class of

suitabl e catal yst& ESHB’F?JSetse"‘l% A0 SEnBwARESARET abSIEF fometry catal yst s,
as descri bed BrionEtedpeaid Rétesd chppitiecabnolls 416e8dby Hrdidatibgl, 404, and

043, 000, and Whikd Pat gibo e ald S8l LA OLE 048 Tea il N5 et Of

transition netal conp exes described”i used. Also
useful are tB¥ngi 'PERtARE AbeHonACEEes 16f MBRBE car BORPPYRFAM & 0AAt es), as

descri bedsi n alLe®isPateat céipflecalll abs@Ba0REAEEX Froed(HBptntrerml, 1998.
35 All the cat zaql ¥?E$’ Q?&?&ﬁé@iy b% t&elterogenl zed" (to forma '

pol ynmeri zati on ca conponen nfJ'or instance) by coating or otherw se
attaching themto soI id supports, such as silica or alum na. Wiere an 19
r 27 Septenber 2002 WO 99150318 PCT/ US99106769 active catal yst species is
formed by reaction with a conpound such as an al kyl al um num conpound, a
support on which the al kyl al um num conpound is first coated or otherw se
attached is contacted with the transitien



S metal, conpounds (or their precursors) to forma catal yst systemin which
the active polymerization catalysts are "attached" to the&d emmbppmz
These suppor, | ysts may be used in polynerizations in organic

|'i qui ds. The\?/ggr%{éﬁgflso be used in so-called 10 gas phase pol PPH6T8ns in
whi ch the ol efins) being polynerized are added to the pol ynerization as
gases and no liquid supporting phase d«s present. The transition netal
conpounds may al so be coated ontg,a shpporj}* such as a polyolefin

(pol yet hyl ene, 15 pol ypropyl ene, pport, optionally along with other
needed catal yst conponents such a or mgre al kyl al um num conpounds. The
mol ar ratio of the first active pgl'yneyizati on catal yst to the second
active polynerization catal ysFf usegMurT-d¥bend on the ratio of pol ymer
fromeach catal yst desired, and th Iatlva rate of polynerization of each
catal yst under the process conditjyons. EQE' ‘instance, if one wanted to
prepare a "toughened" thernoplasf®ic pgfye h}/l ene that contained 25 800
crystal line pol yethyl ene and 20~ rub ry pd yet hyl ene, and the rates of

pol ymeri zation of the two catalysts vwere equal, then one would use a 4:1
nolar ratio of the catal yst that gave cr stal line ef hyl epe to the

catal yst thdn ddve r Yob&r §°30F pbty 23 é%é-s WBP@F’FE‘&W}‘/ W3 ive

pol ymer i zat izl opatankdy 8agh My &l Sectbechised el tbheldesgaeigroduct is to
contain r n .t [ n S ol p rs made by the
first actq:)veChﬁol er?e\réﬁzgt%‘ ﬁgga{'h% &? daqjcf‘oqhg)égg%onghlgct ?%/%ggS

pol ymeri zat |Ttm1tc,ratlaﬂ49§?~5rrﬁ?l%elﬁa@élglrﬂaééqué‘ﬁééarge@ {(i¢f polRRferization

wi th one (elltcharc fl rsﬁleabﬁecaa@ﬁr@i ﬂétascatcahygsmcmaéosm by a
pol yneri zat i ey t he her cat

a ing t Lymeri zation
vessel s 15 BV@”@@?% 27 §er|3’t &hd 35 6853%8835 in series.
However it ilewisehedredstmeankry @afiatherigdl y‘rrEPisz‘aw%nC}E%Jl“m the first and
second agt i vsqmt;,ola)énmgr,zaﬁ orangatqalf ysts i n t he sane vessel(s), i.e.,

si mul t aneousl y. 'E%Tg IS pOSS{: e because 5 |nst nces, I the first and
second active polVPnEPPI5t FBR-BATEF y&t &'k cgg‘z fPBP " UF t FOREEH ot her, and

t hey producern kéikyldiest hpdride wwrearlsra'amim kendedetroctihalnstals presence.
The pol yner s preodugeqsbxoghﬁkg OGE SpydBaear X‘.hlennéQtf’@i ecar o wei ght

and/ or nol ecul ar wei di stributjon ‘and/ or nelti ng gfl nt and/or |evel of
crystal i ni t3F19aRd/ Sr CHEAQRIE LRt § i O HRARFEESt BFEZ0f ¥ her factors. For
copol ynerss taiskyleltgseos sdgsdafhipdride rad ithe oktedpphoeers scadsasie different
pol yneri zat ign a%chal é%ﬁ érpﬂ é{P?ééZ&tﬂEcdm”B%BédPE el e | fferent

relative rates frers oduced are usef as di ng and extrusion
resins and iFF9m| fF ésSFBPrﬁ‘a%k%%‘PE’%“n Hé"yaﬁjﬁf h£9ea‘aﬂv‘a’h‘? eYsuch as

i nproved neldr pryciresie ggpupoughness and i nproved | ow tenperature
properties. 20 10 Lhe-Exa0n fencadl PLOSSWARY, ALA;0AUGE PBRPIIGS. N the

Exanpl es_t he tranS|t|on met a catal ysis were éither or 1f a vendor

i s not 130t ddte Metélmade. aS?ﬁi'ﬁ‘éE?% %]fkihll AIMigERt EP‘HP‘Fi %at%‘i‘%ts will be
25 found in a\/éi)rﬂgng,atR-:?QAl@D,pIR eation &fd 230400" whi | e synthesis of cobalt

and iron con i fs i cations
08/ 991372, { @l%g“%?‘%m%& ’lc‘i gg?%%gogi, Q%ﬁgd;%a%ﬁ@p ?998. In the
Exanpl es PI\/IG(@1 125 iCRTRONORKPBS SDrﬁﬁﬁmJay Unit®otafariAR chite®ays in sol ution
inttf)l utc_'anef smetaibaecemm@ucbahhynam;aé%:ﬁgk&\?udsv\%@lhaea Zi egl er-{\latta t1 ype
catal yst, 0 ure,available fr S nc

Li vi ngston @%‘%ﬁhégrgr ?[16532% lﬂo%g %:@H‘ lgés 1-9 and

Conpar ati ve Eélﬁﬁﬂle§°AmElEt Iﬁ&ﬂﬁéh@] ol y(@eﬁs)zzéﬂ-i:bn @éhdtelzPragedure © The

cat al yst wasg vw3g;©@bnzr]gma Nesedl Hyoasesl sabd yesndbpsakyedei N about 20
mL of distil | ed, t.ol enber. 2002 v\g 99/ 50318 PCT/ US99/ 06769

en t
The reacti on*3es e Eﬂogﬁ ngrf'?gngfg\? 249 96 f5&2dr Ppox to the hood. The
reaction was pur & vilthapdt (d§enprefenred Hiduwad asThad PP eWnds

(et [W' aidlmé@(fﬂﬁm%oh%t EOE?D pasehpesp i_l_é‘&@:)ém%dt@@%b@ﬂﬁe ¥esegl and the 5
reacti on was_put u e reaction.ra room

t enper at ur e ?%'a tgr9 at A° oShZ%gQ&m & WeRr ﬁ?on&%% ed®therm The
et hyl ene wasptdfartegr medupfihgandntiheompaaidonnvasegecappificattbnabout 15 ni
of net hanol /HC1 sol ution (90/10 volune o). 10 If polyner was present, the
reaction was filtered and the polynmer was rinsed with nethanol, then
acetone and dried overnight in the hood. The resulti ng pol yner was

col |l ected and wei ghed. Bel ow for each polynerization the catal ysts used 15
are listed Exanple 1 catalyst 1: 9 ng (0.006 mol) N N ~/Co~..INC C( \/

catal yst 2: Zirconocene dichloride, fromStrem 20 Chemi cals, catal og
#93-4002, 2 ng (0.006 mMmol)




z} &~ C co-catalyst: PMAG-IP. 2.0 mole Al: 1.0 nL of 2.0Min toluene 25
duration: 9 h polymer: 5:322 g yield Exanple 2 catal yst 127 Septenilier062
nirol ) 17 27 Septenmber 2002 wo 99i so3is PCT/ US99/ 06769 N N ~% ,~~N w Cl
Cl catal yst 2:w@osrp3¢®. 006 mol) / \ N~ ~N~/ N Bra ~ Br cocpé-ﬁb?@;%m,
PMAG-IP; 2.0 nmol Al; 1.0 mL of 2.0M5 in toluene duration: 4 h po

2.282 g yield Exanple 3 catalyst 1: 3.5 ng (0.006 mol) NN N~/Fe ~,NC C
\/ 10 cat al ystarZé ﬂﬁ&@&@QeBEediMﬁﬂde Hdwe@ierSthent&hpsisal s, cat al oo

#93- 4002, 2 gﬁpgkOUE ?Itlo Q{A §8%L€|¥St P%%%%IP 2.0 mol Al;

1.0 nmL of 2. 0 g yield Exanple 4
catal yst 1: 33:P9ig-c(a¢l@®§ pAY| B3r N i\;om/qi-@se mreina byt tlexand yst 2: 4

ng (0.006 MDljesf i1y rco%?re%%w‘oerm?&éb? 19259348 E’Qé (SO0 006069 / \ ~N
\'/ \''/ N Bra ~ rcocatalﬁﬂa?nciz P, 2.0 mol Al; 1.0 nL of 2.0Min

tol uene durat i BT 55 9o 0" g yield Exanple 5 catalyst 1: 3.5 ng
(0.006 nmmol) | N NTheFe azh hangldiflersttalwayts 2f pregatn@0stins ) | N N ~

Co--"N O "0 {oilfhacatalystat EMGEL Rirch O iimeke (M) dafy Nds UnizOM in
toluene are described in U.S. Patent Applications 08/991372,
filed Dec. 16, 1997, and 09/006031, filed

10 Jan. 12, 1998, and those so described are applicable
herein. "Pure" compounds which themselves may be
active polymerization catalysts may be used, or the
active polymerization catalyst may be prepared in situ
by a variety of methods.

15 For instance, olefins may be polymerized by
contacting, at a temperature of about -100°C to about
+200°C a first compound W, which is a neutral Lewis
acid capable of abstracting X to form WX , provided
that the anion formed is a weakly coordinating anion;

20 or a cationic Lewis or Bronsted acid whose counterion
is a weakly coordinating anion.

Which first active polymerization catalysts will
polymerize which olefins, and under what conditions,
will also be found in U.S. Patent Applications

25 08/991372, filed Dec. 16, 1997, and 09/006031, filed
Jan. 12, 1998. Monomers useful herein for the first
active polymerization catalyst include ethylene and
propylene. A preferred monomer for this catalyst is
ethylene.

30 In one preferred process described herein the
first and second olefins are identical, and preferred
olefins in such a process are the same as described
immediately above. The first and/or second olefins may
also be a single olefin or a mixture of olefins to make

35 a copolymer. Again it is preferred that they be
identical, particularly in a process in which
polymerization by the first and second polymerization
catalysts make polymer simultaneously.
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duratiqn: 4 h polymer: 3.926 g yield 15 Exanple 6 catal yst ng
mol) I N N~~~o-, NC C \/ catalyst 2: W40, fromAk?Zsf%’&%me
Ti, 12nmy (0.006 Mol e of Ti, based on w~) 20 cocatalyst: PMAOIP. 2.0

mol e Al; 1.
Exanple 7 25 catalyst 1: 3.5 ng (0.006 mol ) 19

Wort/s5e%182. OM i n tol uene duration: 4 h ' pol ymer: p@r/oéd/@74 €l d

27 Septenber 2002 WO

99/50318 PCT/US99/06769 N Nr Fe-IN/ ~ C C catalyst 2: W40, from Akzo
Nobel , 2.3 wt % TiIin k2meyptOcOdbe smind xeiof the, flhasedaobive %9 cocat al yst:

PVAC- | P; 2.
2 993 g yi e
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A 1\/ 10%&51%@62904%@%66 deY n§fld) seceng petiyey NI Bra ~ Br
catal yst 3: pdlInawideandod eatalyste, airrdymrStvnem Chesacal m el og #93- 4002,

lr‘grsq:lg k2 (o cgémﬁggf g%fgtxé@\@g lleeede Al; 1.5 nL of

2 mg (0.Q06

20M|ntoluene uration

arrpl e 9 catal yst

1: 3.5 ng (@OORgRDl ) IR Nnor-trer acenaxjo Ewol mpnorzers wqulshfieenber 2002 WO
99150318 PCTMés%‘%&/ 0@:71(%% eakap¥ S{mer i Aa thibn( Qa@Q@yg’ﬁDﬂa:}oduad& N\ / \/ N

Bra ~ Br catal Zi rcon cene dichloride, fro e em cal s,
#93-40C2, 2 ARG Fhe echet Bolymegization 7 Sty
produc1ng a homopolymer, or two copolymers may be
10 produced which vary in the molar proportion or repeat

15
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35

units from the various monomers. Other analogous
combinations will be evident to the artisan.

In another variation of the process described
herein one of the polymerization catalysts makes an
oligomer of an olefin, preferably ethylene, which.
oligomer has the formula RmCH=CH2, wherein R®® is
n-alkyl, preferably with an even number of carbon
atoms. The other polymerization catalyst in the
process (co)polymerizes this olefin, either by itself
or preferably with at least one other olefin,
preferably ethylene, to form a branched polyolefin.
Preparation of the oligomer (which is sometimes called
an a-olefin) by a first active polymerization-type of
catalyst can be found in U.S. Patent Application
09/005965, filed Jan. 12, 1998 (“equivalent” of World
Patent Application 89/02472), and B. L. Small, et. al.,
J. Am. Chem. Soc., vol. 120, p. 7143-7144 (1998), all
of which are hereby included by reference. These
references describe the use of a limited class of
compounds such as (II) to prepare compounds of the
formula R“CH=CH2 from ethylene, and so would qualify as
a catalyst that produces this olefin. 1In a preferred
version of this process one of these first-type
polymerization is used to form the a-olefin, and the
second active polymerization catalyst is a catalyst
which is capable of copolymerizing ethylene and olefins
of the formula RWCH=CH2, such as a Ziegler-Natta-type
or metallocene-type catalyst. Other types of such

cat al og



cocatalyst: PMAOIP; 3.0 mmol Al; 1.5 nL of 2.0Min toluene duration: 9 h
polymer: 4.908 g yield 1D Conparative Exanple A catal yst: 2ZiSepterabenz002
dichloride, from Strem Chem cal s, catal og #93-4002, ? ng (0.006 mol ) \ ~,
Z C~ Cl cocwopabpetis PMAO-IP, 1.0 mmol Al; 0.5 nL of 2.0M 15 &'F’UE@/MZ‘QE
duration: 9 h polynmer: 2.935 g yield Conparative Exanple B ca{)a yst. ngy
(0.006 nmmol) / ~~N\ / \ / Nt 20 Bra \ Br cocatalyst: PMAOIP;, 1.0 mol

Al; 0.5 nl ofca?QMsi GREVERNE EhHiitQRn hebaPOb¥iBlexds 098 g vield 25
Conpar ati ve Exanple C catal yst: 2 27 Septenber 2002 WO

4 mg (0.006 nmol 1
991 50318 PCT/ATRSSr362665/ aRg SeRfakn ~1S4°R| WcFO’&?lEoE%‘P%Jr%‘?S. BVAO- I P; 1.0
mol Al; 0.5 (1) .of TBeObount cdlidn=rtbiagi doe Sohibecpopynerior?.¥l9 g yield

Conparative I catoal.yst.: I =N Cl C
cocat al yst : g\f)%g&ll%f% g ogﬁoi%hﬁlﬁl gcn%gﬁﬁggggg g%/l’?i %le {%o?ﬁ%%oejﬁ%uﬁ éot}}i\lon: 9 h
pol ymer: 3. 230y Hptdrd Eopart &t v e TRRG BOEYREFAFFELON \A2EA 1 %5 om Akzo
Nobel , 2.3 wit 'Fiii,ghk& po1pMe £ Of OfiGi iy eilefah pblyhasetaohomt ~%] co;:at al yst:
PMAO- I P; 1.0 ;0 : ) [ ratlon:: 4 pol ymer:
0.326 g vyiel lIé:/><%‘(11cr'rpl gge %%%éér%ylpgﬁggkgﬁeﬁefg?zgtélbg%flc%ner al Procedure
The catal yst fgning gledament atiorenatadystesbel haabieniasheli #8Bed in about

20 nL of distds ladrcplivgne. rHoensmssdliy@tnyasnseat Ret adde triads ey ed from
t he drybo>§) 25 to the hood, The reacti,an g/as Qurggd vvi%h nci> rogen, t hen
propyl enel® THENKOLKET PREKTGES c%a@‘ ddd&ad €t BTARETIREsEY BAYTHE react i on
was put underwigishkRansedpynene. bRguaitdson that as 6coknhidghlye bath. The
propyl ene was g itiunReds0hho Aibl N dnpeliyeRnpRsnasenchedoyd th 30 about

15 nL of netharol / HO sol ution égO/ 0 volume If golx r_was present, the
reaction was Hi94%rEd 4RE™22°5P 1a§éﬁt S55r 526635461 9572031 8' PCT/ USoel 06769

polyethylene is being made, the process is carried out

15 in the gas phase. It 1is believed that in many cases in
gas phase polymerization when both catalysts are
present in the same particle on which polymerization is
taking place (for example originally a supported
catalyst), the a-olefin is especially efficiently used

20 (polymerized into the resulting polymer). When
amorphous or only slightly crystalline
homopolyethylenes are being made the process may be
carried out in liguid slurry or solution.

In the variation of the process described in the

25 immediately preceding paragraph a novel
homopolyethylene is produced. By “homopolyethylene” in
this instance is meant a polymer produced in a
polymerization in which ethylene is the only
polymerizable olefin added to the polymerization

30 process in a single step, reactor, or by simultaneous
reactions. However it is understood that the polymer
produced is not made by the direct polymerization of
ethylene alone, but by the copolymerization of ethylene
and a-olefins which are produced in situ. The polymer

35 produced usually contains only branches of the formula
(excluding end groups) - (CH,CH;),H wherein n is 1 or
more, preferably 1 to 100, more preferably 1 to 30, of
these branches per 1000 methylene atoms. Normally

10



t he polynmer was rinsed with nethanol, then acetone and drjied overnight in
the hood. The resulting polyner was coll ected and meighed?7§§BNﬂﬂQ9’ 0
catal yst 1: 3 n%§é£.006 nmmol) N N ~Fe~N CI " Cl catal yst 2: Zirconocene
di chl ori de, YP38/P%B1% em Cheni cal s, catal og #93-40QQ, 2 ngy (0.PUBUSINHEIEY' '\
~. Zr C C 10 cocatalyst: PMAO-IP; 2.0 mol Al: 1.0 nL of 2.0Min tol uene
duration: 5 h polyner: 0.971 q}yieLd Exanpl e 11 15 catalyst 1: 3 ng (0.006
mol ) N~ / .therg Wigl Redpragghe§ Hitdy yseapge0fy 1. Pocthfmol) /~—~ ~i N
gra ~ Br cg(paﬂaylm?é&t.: PYOQuhdint2 . 4¥ lrﬁmlse Branth8s mMia ofméa M e byn Egl ggge
uration: el yi.e 1 , ny .
mol ) 23 Vté&x%‘igé%ég}sg]{?'}p%_ et%-e%%@k}g& 5:%?&%1@52# S5t enber 2002
PCT/ US99106 Za®rc gbgust po apemt I omespesirdbel proferaply Bboutang (0. 006
nmol e of sTi ,5 kasedoaR W5) Mofd Gt yPHAGLtP102t am@lt Alo,l. 0 nL of

Compar at | ve BEaASFEE ALY 1B THEHINE ABenP0s Lot BRBOL A v and 2 viere

used as t he hreardietsi prrnbfad marpolends graaps 27 Sapt pebwre 20 WO 99/ 50318

PCT/ US99/ 06782 metno of hedSaremddt @na ChizuthtEhbn, 48 #old \ ~ ~1~~g¢g

ra - Batent hpplicitfbgrégiaébf%s.~r%%o%hér~p%e erable range

10 for these branches is about 50 to about 200 methyl
groups per 1000 methylene carbon atoms. It is also
preferable (either alone or in combination with the
other preferable features above) that in these branched
polymers there is at least 2 branches each of ethyl and

15 n-hexyl or longer and at least one n-butyl per 1000
methylene groups, more preferably at least 4 branches
each of ethyl and n-hexyl or longer and at least 2
n-butyl branches per 1000 methylene groups, and
especially preferably at least 10 branches each of

20 ethyl and n-hexyl or longer and at least 5 n-butyl
branches per 1000 methylene groups. It is also
preferred that there are more ethyl branches than butyl
branches in this homopolyethylene. In another
preferred polymer (alone or in combination with any of

25 the above preferred features) there is less than 20
methyl branches, more preferably less than 2 methyl
branch, and especially preferably less than 2 methyl
branches (all after correction for end groups) per 1000
methylene groups.

30 In the polymerizations to make the
“homopolyethylene” only a single high molecular weight
polymer is produced, that is a polymer which has an
average degree of polymerization of at least 50, more
preferably at least 200, and especially preferably at

35 least 400. The synthesis of the branched
homopolyethylene is believed to be successful in part
because the catalyst which produces the a-olefin often

does so at a rate comparable with the polymerization
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ef/ \er EFGHp -\ Ph\ Ph~~ ~I~P ~rdz fdz ~S~ ~~lz rd2 Ph w\ ~\
-_i~1 JKLM~i vy~si rd2~~\ ~rd2rd2 1 rd2 RiSeptambep209R Ar
c4r NALV rC~ pn~ Tl /MG |I'N A Ar Ar 2,8-I-Pr-CaH4 Ar 2,8-f-PrCBH~ S: M
=T~ U M=wboodozyM = 2r, V. M= 2Zr, 510 For preparation of:. conpound A
see B. L. Small, et al., J. Am Chem Sac., vol. 120, p. 7143*GHRAPR6EY) .
conpound B see Ewen, et al., J. Am Chem Soc., vol. 110, p.
6255-6256(1984) o COOPRUPE (heke U apRARaRat 6B ApPLigal il (416, 815,
conpound D World’ pat ent Appl?rght%l 98/ 27124; conpound E W)rnI%d pat ent

Appl i cation 964286Y81YcHMBENds G H, | and R were purchased from Boul der

Scientific conpanyikeeipeuncsnditHrendoz weck polghdrizamidhs,em Chem cal s

I nc.; conpou : Lned ri-C L.cal ..o conpounds S, T, U
and V were n&%%@%ﬁl%@%ﬁﬁ?ﬁf%ﬁ%ﬂ%ﬁ Ehgﬁgg].:ggf&%?vf Sept enber 2002 WO
991 50318 PCTPOLYDEDEZ8YH1rat BYRe Appll L &lisonbesfovsdes? F4) éhtp Sbseember 1,
1998; conpoupdtEnwasppBieabyoneactpig AT 8handetperfiste 4t wWhiiek salt (see
J. Chem Soc. n Dal ﬁlon T anﬁ. 1994, 657.)e [ n gtjt_leraoc\)/g{ n_ilqmoc ggd renovi ng
the ether andt® BEAYRRELEREFERt1drCRRAEFC85-5i 2PY" conpotnd”J was
prepared by mboutyiag0fte mprefetanly ebosbur2iC 6 ebguhoh®®A-l1ic Chenistry
1993, 459, 1%{e1231 yRAPPOHPHSH Zo bk Mareihe cR €pan gek byi fipld owi ng t he
preparation in cronvol ecul es, 1995f, 28, 539%-5404 and Journal of !0

Or ganonet!dl | iS@SERYR SLPYIR0dF nAT XL itisal 1 gatRBRRRTHE NARFS YREdE by t he
procedur e desboubed7EnMBaS. oPanent, 109§, 86Fuibadleorpuamd @iwds apr epar ed

by follow ng l&qhiiheﬁm%eﬁxérpEH&%@b‘x’i&néf@Ja@i BaNdsBy Y¥af oNdiduwely al -,
Journal of Organonetalli

c.Chem.stry. 1985, 288, 63-67). IS anples 13-17
and Conpar at "v&NERBAPPES i":}@l%\dGﬁJngﬁ_e“ﬁgr FoF e 5B ORI heat™§ up under
vacuum and t hetial bédwad (b, cebén uindes pueiskeagenis| prafelratiox ablomta Hoke

01 uone. <ot ut o) 92 son SR Rer BEhatt L AR 1 BB ke, e o e

t ol uene solution) as 2 _ , o S ed the

et hyl ene (co)pel PBEFzAEYHA 2atdl G3talft) 2 ifLPEBFeRbhe. TS0l uti on was

t hen pi petteptorlgrlfi@fce&éedohe Ba 300 ba i, f lsasmk ~-bh oth ove dedit iaddiulsi on of 150
m. 2,2,4tri ta cata . e I ol . 25

suspensi on \r;/%;r%frslg%é ggnllg%grﬁéedé%%ﬁte@e%?agﬁ. gil’%‘éiflrgesiﬁ\;\%gg)rcapped W th
a rubber septthe B8EhPhRECHORESERIRHIdEIe MPBOMREST PAER WRE - STBFEFE out of
th?e drybas. U@i@&i{lﬁﬂ:&/@genTﬁﬁQéeﬁé{ﬁEs M%%lt ragasi bé ofiourd aln aaispound i with
sol ution was cannul ated.to, the_r r . reacto ressurized wit
nitrogen and Pt‘-:'heerr?"%t %‘gpgﬁf%l%ﬂswgg%re 3e7a255e .lila'ﬁes?%ac %’\rlvalvs\?aggl’héag!téed to 70C,
t hen, pressui®Z8869%1y ofédedkPanet kil eifP8,vendi AG/@eeH63 rfidledd final ly
pressurized t9an97@2kPagegth stirring. The MAO sol ution was added fromthe
Hoke cylinder at 35 Inlg EI% hi gher J,[or ssure. The etg%l ene pressure of the
react or was then adj dst t6 PREYRSTF &°&8§88F85?sr fee%.edThe reaction
m xture Was @lroowsdfoy Bti¥sfor certain period of time (Table 1). The
heating 26 27 Septenber 2002 v RAD 99/R80318 PCT/ | JS99/ 06769 source was
renoved. Ethylene was vented to abhout 2210 kPa. The reactor was back filled
with 1.4MPa nitrogen and was then yemied to 210 kPa. This was repeated
once. The reaction mxture was™-the Mptadh to RT (room 5 tenperature). The
reaction mxture was then slowy paucégd into 400 nL net hanol, followed by
addition of 6nL conc. HCl. Upon stArri ng at RT for 25 mn, polynmer was
filtered, washed with nethanol si% tinm®% andI@8fied in vacuo. 10 Exanpl es
18-76 (except Exanpl aad22oand’ %43 and Conparati ve Exanpl es H N General
procedure for making silica supported gatal ysts: In a drybox, one of
transition netal conpounds (but not and conpound A (0.1 wt$ in 15

bi phenyl) and silica supported MAQ MWW~ in Al, Al bernmarle) were m xed
with 15 mL of toluene in a 20 f B*vial was shaken for 45 minutes
at RT. The solid was filtered, washes(w th 3X5nL toluene and dried in vacuo
for 1 hour. It was then stored in/ frgezer 20 in the drybox and was used
the same day. General procedure fBr gas phas€Wthyl ene pol ynerization by

t he supported cat g#hgsesnusi ng a Harper Bl ock Reactor: In a drybox,
supported catalysts (5.0 ng or 2.0 ng each, except Exanple 20 where 15.0 ny
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25 was used) were weighed in GC vials. They were placed in a Harper Bl ock
Reactor. The reactor was brought out of the drybox and wa27Septersben2aa?
1.21 MPa of ethylene. It was then placed in a 90C oil bath for 1 h under
1.12 MPa of WORYSBm&. The reactor tenperature 30 reached 85Cpetisgsoigdso

m nutes and 87C after 35 mn. The tenperature stayed at 87C for the rest of
the reaction. (Tine, 6terrperlgture and pressure for Exanples in Tables 7-9,
as noted.) Ethyl eneRwasnd diif ezive RAghndnsdependensilyhbsdandaxbwlh subnitt ed

for 1H NMR 331anakvi¢ked( RGEr8artyd0Qr Wrl fl(?x‘étrtg:fhh@t@@hép rdgiails of these

pol ynmeri zations are_givelg 1 m;Taple 2:9. In_Table 10, the branching
distribution [in br&nches’ p%rl' 1R000Fnetd &ne %P2 oups] of the 27 27
Sept enber 20hAMENISNTA 1By PTG 4IR0 N REFHER nyddustibpaliyneed of sel ected
exanpl es ar .ven. e €; r i rad 1 MR (TCB, 120C). Methods
for measuri ﬁlﬁrﬁgggpgcéfn éﬁrg%rﬁeb{u{%l on ola?%éé ﬁgt?ngRi n Wrld patent

Appl i cation 96/2301& 510 Ra1Rueh&2FRHABEePRAERREBY RYHRECar anchi ng | evel s

in the pol ymBfdroddhblA006hBs grousd Mpitydamgyaups par ih8PO net hyl ene groups
in the polyr%%; are rIe%%grﬁd by the nethod described in Wrld Patent
Application 3616 PA°the Tables PE is 10 pol yethyleng, TON is noles of
et hyl ene pol yner iangdprorvéded porymnty Zata of &t a yrstpé (thtalRof transition

netal coppougids priesgitt) R, MBI RY nuakenraveiaggalotecsdar wei ght, PDl is
MV Mn where Mw i.s wei gﬂ{t aver a%g mol ecu{ﬂar wei ght, and P is ethyl ene
pressure. THEAODES YAGAFERERECTRET 9% JR™™ 6 i*1"%l uene. The ampunt of

resi dual a- ol ef i Tvion cheaipal yyedi fcsrasst ianditiow pplyHeri/Ratbyn neasur enent of

N Ot Ayt ) e O B e e ol e ey O) T me

. S U - _ , ~ i

i ) AR ThASaE y | TPE Eor TV Mot S AR S5t 08 BEBOY Bhris Ly S1R) Caf cm
) FB) 8. 101. 2de/dbnikR354n2 38811 32y e/ 00 I T G eXptBBctive

: églgglllé%%:fl%g?e%éz%%%fgézg-@@lyé@% 400 2 291Gy 5 1 €945 4,90301. 2t
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1 ] » v «

9. 50. 061. 311‘0@-@%3“’6&?@3i?%é?%sﬁ%?‘ﬂﬁ)@lzzﬁtmfgﬁf@éy“' but must
9. 50. | 31. 3486 1H4a839. A13119686, 40042, i5:1RR2E6Cit may have a
4
3
d

- *
50201, 7RO G RIEl oy MADWARC TR EOIIE S, L,
i stribudld ont ARG ¢hecll ELERRT Takt s Prustungy Refgeps thandl s and
second active polymerization catalysts. 1In one
preferred process, the ligand type and the metal are
the same, but the ligands differ in their substituents.
Included within the definition of two active
25 polymerization catalysts are systems in which a single
polymerization catalyst is added together with another
ligand, preferably the same type of ligand, which can
displace the original ligand coordinated to the metal
of the original active polymerization catalyst, to
30 produce in situ two different polymerization catalysts.
However other types of catalysts may also be used
for the second active polymerization catalyst. For
instance so-called Ziegler-Natta and/or metallocene-
type catalysts may also be used. These types of
- 35 catalysts are well known in the polyolefin field, see
for instance Angew. Chem., Int. Ed. Engl., vol. 34, p.
1143-1170 (1995), European Patent Application 416,815
and U.S. Patent 5,198,401 for information about
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(X 10~ nole)Cata~t A (X 10 nole)Al:MFe ratio M= Zr, Ti or FePE yield
(g) #Mel 1 000CHzTm ( C) Mn/ PDI TONHB, i 27 September 2002
0. 03301 000: 1: 00. 195512724, 039/ 5. 2210, 0001C, ’
0. 03301000: 1: ¥/ 995031826125, 451/ 2. |1 82, 00018B,

0. 0330. 0011000:i : 0. 030. 485151 2048, 213/ 4. 1500, 000198,
0. 0330. 00331000: 1 : 0.10. 159621251, 916r 14. 01S0, 00020C,

R T e T M N R R R IR
- 1: 0. , ; . O w n a ~'
GON 0w s SaFmyaR, B8y B eren e ibnh i AR BTE BIPES Cat ast A (X
10 nol e) Al : MNaw régdko NM92 97EpITindprmeiion | aliant( @ienseroettaTO/e,

0. 03301000: | ¢ 00, AZACRIA00K 1nQcHIFA 00 ok DU nkASEBEORO00L G

0. 03301 000; 1: 00, 4702460, QOQNK, 0. 03301000: 1 00. 091399, 00N R, 0. 033~ 0
~1000: 1y0.20r £ eZBNED00 S t2516 fAte BHEN NP SF H9Rac8telKFts w Tabl e 4
Gx. No. Cat al ystliarik afout inXWo@1dbaegat ApEsiti ok H(ixXhe ﬁﬁVé;NO MEd ratio M
=20, Ti or FePRoyied d U ednl0R0CHR TR DMV ERNALY! Cti ns

reference. Many of the useful polymerization

PCT/US99/06769

conditions for these types of catalyst and the first

10 active polymerization catalysts coincide, so conditions
for the polymerizations with first and second active
polymerization catalysts are easily accessible.
Oftentimes the "co-catalyst" or "activator" is needed
for metallocene of Ziegler-Natta-type polymerizations,

15 much as W is sometimes needed for polymerizations using
the first active polymerization catalysts. In many
instances the same compound, such as an alkylaluminum
compound, may be used for these purposes for both types
of polymerization catalysts.

20 Suitable catalysts for the second polymerization
catalyst also include metallocene-type catalysts, as
described in US Patent 5,324,800 and European Patent
Application 129,368; particularly advantageous are
bridged bis-indenyl metallocenes, for instance as

25 described in US Patent 5,145,819 and European Patent
Application 485,823. Another class of suitable
catalysts comprises the well-known constrained geometry
catalysts, as described in European Patent Applications
416,815, 420,436, 671,404, and 643,066 and World Patent

30 Application 91/04257. Also the class of transition
metal complexes described in WO 96/13529 can be used.
Also useful are transition metal complexes of
bis (carboximidamidatonates), as described in U. S.
Patent Application 0B/096668, filed September 1, 1898.

35 All the catalysts herein may be "heterogenized"”
(to form a polymerization catalyst component, for
instance) by coating or otherwise attaching them to
solid supports, such as silica or alumina. Where an
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| eft in polynmer24F,

0. 0330. 001 71000: 1: 0. 050. 073661 202131 18. 5?6, 000si gni f i cant 28&eptember 2002
0. 0330. 00171000: I :0.050.50313122, 11541, 5251 4.7520,00 Oal nost none26H)
0. 0330. 001 7NIDY/SD3B. 050. 7529120) 11554, 82514 7_ 780, 000al NnDPCTNGHE789
0. 0330. 001 71 000: 1: 0. 050. 5623111972, 982J3 2580, 000al nost none28l ,

0. 0330. 00f 71000: ! : 0. 0SO. 03254- 8951 5. 633, 000smal | anount 29K,
8.0330.00I7£QQva 02050y 240d18d2iFEls 134 Fbemed 5Py Ofdsdtldn amaun&30L)

0

. 0330. D0171 5 | n fican
0930, 001+ 5088°Eng; 8BEnoEs e ‘}]ﬁ%lﬁg%ﬁ‘d(}g?g ’?u S %“‘é’%’é%o 00l 71000:
1 0. 050. 068P5¥h44858he 81 kylalpoos |comund330flrst coated or
0. 0330. 00| 7RA8: 11608002k St 25rRARELIDA cONS4artk 433, 001 71000: |
0,050, 0391220, 000s | Q 9,0530.00) 71000,  050. 052
~40- - 85, B0( F$it§ FPE‘BRP%%‘Z)“EF Bﬁ*ﬁi FTPEH86°F°b. ¥BdE 97 - 100, 000- 37R
0. 0330. 00171@0R1YS6. OFOLd 610 12R3H 393 apgase,muahmatrmmesss)

0.0330. 00171Q0Q ﬁ; 585020 000005¢ -O%_Sita@i Ebeaat rt. These
0.0330. 0017 000: T 0050. 02373- -24, 0Q0si gni f i cant 40

0. 0330. 0017 FHEPRIGCH562FBLEDLS 1A7Y, ﬁﬁuFPeEﬂ%%TéﬁkbaﬁiQEéslPo 0017
~1000: 1 o 05:1:9@:1&&918{;*.16&5OOOBhQ}nlrﬁdycaatsoOoeouﬁ)edv:N1\Sdﬂ*caﬂDedG vOo-NOO

rml e) At Fé;ér a?ﬂas%ﬁp@?&@gﬁg@{% Vi eﬁ(éixllg gl\gfé@nq%t)aﬁe&né (X10

|0000H2Nh/Pmoi®N&réReﬁ|ﬁ§e|@¢#¢¢1ﬁﬁﬂ%ﬁ@epﬁémmerlzatlon as gases
0. 0330. 0033430 0.1400 4480850 Al A HHEIR0 180Psk e f | canted3D, 0. 0330. 008

21000: 1: 0. 2 2 Osi qni.fi t 44T 0 3 i

0. 0161000: 15%%32’%3%3%8 b%gg} g%’%%%ﬁgo%%& g%?{;l%%n edact %o%n %tTme here is
80 m nutes TFABPOTS WURDERS APTHYISEN RELlinbrtensd0’ nol e) Cata~st A (X10
ol e) Al 1M FediatrepYiendl , edt. Orsupidzeyi ebdibgaMpJalong with

other needed catalyst components such as one or more

alkylaluminum compounds.
The molar ratio of the first active polymerization

catalyst to the second active polymerization catalyst

20 used will depend on the ratio of polymer from each
catalyst desired, and the relative rate of
polymerization of each catalyst under the process
conditions. For instance, if one wanted to prepare a
"toughened" thermoplastic polyethylene that contained

25 80% crystalline polyethylene and 20% rubbery
polyethylene, and the rates of polymerization of the
two catalysts were equal, then one would use a 4:1
molar ratio of the catalyst that gave crystalline
polyethylene to the catalyst that gave rubbery

30 polyethylene. More than two active polymerization
catalysts may also be used if the desired product is to
contain more than two different types of polymer.

The polymers made by the first active

pelymerization catalyst and the second active

35 polymerization catalyst may be made in sequence, i.e.,
a polymerization with one (either first or second) of
the catalysts followed by a polymerization with the
other catalyst, as by using two polymerization vessels
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1000CH2Tm ( C) Mnl PDI TONDensi t 3y (g/ cm ) 45H,

. 330.°00171000: 1: 0. 050. 77261 2443, 7911 6. 0800, 0000. 93046H, 27 September 2002
-0130. 00071000 | : 0. 050. 36781 2482, 1511 3. 7950, 000- 471 )

. 0330. 00171 0Qf do/Rsf50- 56638114720, 4621 4. 0S90, 0000 909481,

. 0130. 00071 000: 1: 0. 050. 22632- - 590, 000- 49B, PCT/US99/06769
.0330. 00101 000: 1: 0. 030. 442812752, 673 4. 9460, 0000. 92850B)

G 0130 00041000 156630 46 “2ad5 BB0rBT oo (o Leiry out the
0. 0330. 001010991xm€me®t16f99-u&lm0tbeofSBNtoarﬁilsﬁﬁmmfm*ff 0. 030. 3626l 24i 5

, 10215. 0960, Oﬁeiﬁﬂérlzatlon catalysts in the same vessel(s), i.e.
0. 0330. 00101000: 0. 030. 3761 S1 1898, 5991 4 Bﬁfo 000-55G,.0. 033Q 00101000: 1: 0. 0
30. 665512438, adLt [7AR 5010 BOo RS/ W o3 Y ao0aN O
w w Table ¥* Enstmceatm%/sﬁllzatd aadpgaconX q@4vmlp@)lmlt;;a§tlm (X10

mol e) Al - M Fe E:aua@ Mz e ddm rtlEqBEwytslélaérg)mr | QAQCHZER
( C) Mn/ PDLTONS6B, Y0330 omg "é%do 050, 740221

| O 54, 573/ 4. o§§6d5665§%‘“’b 78088 P D! %ﬁzﬁt-hffo, 00058H,
0. 0330. 001710@@th19s055  AEGTEIRESD 063I 4 9600, 00059H,

0.0130. 00071 000: 1: 8,050, < this process may vary in
0. 0330. 00171000: 1: 0, 05 .4 9241r§% 2 79§ ?230 0
B<h!

0. 01 30. 000%1 oBgLecHlBBQY /%0861 %%chﬁ%it)?f’doﬁo‘"‘fbo‘téﬁﬁ 871912145,
3111 4. 7450, 00@n8Twop iedtid® " iartd addd oPaces hyd £ ymtesisimety) O w N -0 c¢n

2o 0 O e T 1 e g0, i oo
For copolymers the polymers may dlffer in ratlos of
comonomers if the different polymerization catalysts

15 polymerize the monomers present at different relative
rates. The polymers produced are useful as molding and
extrusion resins and in films as for packaging. They
may have advantages such as improved melt processing,
toughness and improved low temperature properties.

20 In the Examples, all pressures are gauge
pressures.

In the Examples the transition metal catalysts
were either bought, or if a vendor is not listed, were
made. Synthesis of nickel containing catalysts will be

25 found in World Patent Application 926/23010, while
synthesis of cobalt and iron containing catalysts will
be found in U.S. Patent Applications 08/961372, filed
Dec. 16, 1997 and 09/006031, filed Jan. 12, 1998.

In the Examples PMAO-IP is a form of

30 methylaluminoxane which stays in solution in toluene,
and is commercially available. W440 is a Ziegler-Natta
type catalyst of unknown structure available from Akzo
Chemicals, Inc., 1 Livingston Ave., Dobbs Ferry, NY
10522, U.S.A.

© 35 Examples 1-9 and Comparative Examples A-E

Ethylene Polymerization General Procedure
The catalyst was weighed into a reaction vessel
and was dissolved in about 20 mL of distilled toluene.
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(g) TON63B, 0. 0130. 00071 000: 1: 0. 050. 143370, 00064B,
0. 0130. 00071000: 1: 0. 050. 115300, 00065H, |27 September 2002

0. 0130. 00071000: 1: 0. 050. 305790, 00066H,

0. 0130. 0007%&8%’%5 . 050. 215560, 00067! ,

0. 01 30. 00071000: 1% 0. b50. 093240, 00068! ) PCT/US99/06769

O. DI 30. 00071000 1 o 050. 108280, 00069G, 0. 0130. 00071000: 1: 0. 05 ~0. 349900, 000

One h at 90; MPa et hyl en ure. Tab tal yst and
arount (X10TRoF RS Eot ot o on SR TR ROF of S St SR AT AF VAP o) *Fepe
yield (g)#Mp tBE0BMdNOI FDIETONEGBLON. €33 WHed mhlrﬂt@bgen,

0. 5343742, 44513, 4280, 0007 1B, O 9@@%9%@9@%&%&%@945- 250, 00072H,
0. 0330. 001 71 000; 050. 9691777, 1421 4. 8500, 00Q7/3H

0. 0330. 0D17§Gééti°@)dﬁf;éfﬁflqﬁéé ébo?ﬁﬁ% to the vessel and the

0. 0330. 091 7te@Bt160. Wod). p414:2314a916;:383/ ¥PR23th Y Idheh1) The reaction

0. 0330. 00171000; 632 076
0.0330.0017%88 &L g %@o AL %%83?8 % ‘%t P3SN %5 Pe0 2.4 MPa

et hyl ene pr84s6iBate kear GO gn 6xatheE D Teey WA SR WRED O N o ~ . |
WD 991 50318 thahl euiﬁecﬁmfmnﬁottab Mebbti & Burdaiermimddhiwith

her 1510. 504, 02 4 31 5 308.fi 04.7010.7
49 B.1 0 3. 8 85 A € ?‘2%1 3%@\8%%59550@ é’gf‘}é‘é §Exarrpl e 22 In
a dryboX? 1I¥ nglmﬁ:pdmﬁj pEe@mtl OhaAyr ERTHRM IR vﬁé{léetﬁeﬁeénﬁnth 40 nL
toluene in ansCBbepkef |k .riH¥es Washbhetigdto DUt tae tdhebaxdand was
purged with ethylene for 15 m.n h? Nﬁ%)tol%g_e solutlon (0.54 10 nL

vvas

13.5 wt % RASSPnPEETREPITHE Hi%t § I oW CF %S B TREel 20 kPa

et hyl ene at coCleored2and rweigitedanol (1QG0 nlL) was injected, followed by 1 niL
conc. HCL. Upon gtishifsk fdicr?PoivRedt 28 o f&mg&lwtlsdu%a filtered,
washed vmth 6X2 n1_ thanol and dried in 15 vacuo. Wite solid (2.9 g) was
obt ai ned® 1ARRRIFATSEE-d2 at 120C. 44Me/ 1000CH2. The pol yner contai ned a
significant amount of a-olefins. Example B3 In a drybox, 30.5 ng of
Conmpound A was 20 43 h,?rgy in a 100 nL Pyrex gl ass
bottle. This was stlgﬂ\!\éet%tlktL : %goégbath i25 m nutes, during which tine
Conpound A di ssol ved n b| hen | to forma deep green sol ution. The

sol ution was all owed tp" cNol \dovvn to becone solid. A 0.1 wt~ Conpound

A/ bi phenyl /Co--N
cl Cl

catalyst 2: Zirconocene dichloride, from Strem
20 Chemicals, catalog #93-4002, 2 mg (0.006 mmol)

— \
~ /,\
\‘\ e
fl
ct Ci

co-catalyst: PMAO-IP; 2.0 mmole B2l; 1.0 mL of 2.0M
in toluene
25 duration: 4 h
polymer: 5.322 g vield

Example 2
catalyst 1: 4 mg (0.006 mmol)

17



25 hompgeneous m xture was obtai ned. Exanple 77 A 600nL Parr reactor was
heated up under vacuumand then allowed to cool under, ni t 26 §epternber:2002
drybox, to a 30U nL RS ffask was added 150 nlL 30 2, 2,4-tri nethyl pent ane.

The flask wa with a rubber septum The flask was brought out of the
drybox. Under nitrogen protection, the 2,2, 4-trinethyl pent anePFSHI§¥N676%as
cannul ated into the reactor. The reactor was pressured up with nitrogen 35
"', (27 Septenber 2002 9/ 50318 PCT/ US99/ 06769 and t hen nitrogen was
rel eased. This was re re time. The reactor was heated to 70C.
Then in a drybox, 160 atal yst (made by follow ng the genera

procedure of prep ng pSH qﬁ rted 5 catalysts, it contained 0.0011
nmol e of conpounda§gag?20ép§ﬂ onpound A and 1.1 mole of MAOQ was
mxed with 4 nL cy ane and [
wi th long needle. This'was brought out of the drybox and was injected into
the 10 reactor undetadystogend prot EC{Gln riedsi tive nitrogen pressure). The
react or was pressurd_up 1.2 MPa of nitrogen, then released to 14 kPa.
This was repeat ed g4 i Under stirring, the reactor was pressured
up with ethyl ene 15 reaction m xture was allowed to stir at
between 70C to 97 2 ating source was renoved. Ethyl ene was
vented to about 210 kPg¢ Thﬁ reactor mas back filled with 1.4 MPa nitrogen
and was rel eased t t8d hwi ge o} on was
poured 20 into 306%n%% Fganog@Ai qﬁé@‘&aélfu tgreg aa%ﬂ%% W th
6X50nL netharidl t@ddedei ed i n vacuo. VM|te pol ymer (19.7 g) was obt ai ned.
IHNMR in TCE-d2 awul%QQon34b@A1000CH2 Mv = 98,991; M = 35,416(PD = 2.8).
Density: 0.902g/cn8. %%Et EE?§§ é% 90C) 25 i 3CNVR(120C, TCE-d2)
Total Me was 29.9F% 0% = 0.0; Bu = 6.0; Hex and hi gher =
11.7). 36 f ~ 27 Septenber 2002 WEEH&EEQEHS PCT/ US99/ 06769 C7~Al M5 What
is clained is: 1. AtRNQEess: f@[stﬁg po) oo mimzatyi on of ol efins, conprising,
contacti ng under polynerl conditions: 5 (a) a first active
pol yneri zation catalys Laigrolefins which is a Fe or Co conplex of a
| i gand of the formula: 4 @1) 0 wherein: R, R2 and R3 are each
i ndependent |y hydr enN.hyB?eearby substituted hydrocarbyl, or an inert
functional group; nd @Ve ed i ndependent |y hydrogen, 15
hydrocarbél an in ncti onal oup or substituted hydrocarbyl; and R6
and R ar¥ aryl or substituted aryl: (b) a second active polynerlzatlon
catal yst for sai d c@tefyas ahi chizepresere cHehdorigee EFaMsEEFOm 20 netal s:
(c) a least arerfiidasts,okethnogapableo®f, beiMig ERloyeemingdey by said first
active polynerlzatL(_ cat ; and (d) at |east one second ol efin capable
of being 25 pol ymgTi z&d by ,said second active polynerization catal yst. 2.
The process as re L in’c m 1 wherein said second active pol ynerization
catalyst is a Zieglé€ hbzga or a netallocene type polynerization catal yst.
30 3. The process as écb;ed inclaiml or 2 wherein said first olefin and

said second ol efin cocé%a? GEQX599§ § 0 mmol Al; 1.0 mL of 2.0M

15 in toluene

duration: 4 h
polymer: 3.651 g yield

Example 4

catalyst 1: 3.5 mg (0.006 mmole)
~N

| .

’

Y@Y
NN
ci Ci
20

catalyst 2: 4 mg (0.006 mmol)
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- ., 27 Septenber 2002 J WO 99150318 PCT/ US99/ 06769 9. The grocess as
recited in claiml or 2 wherein said first olefin is etHyRéSeptanbeng002
process as recited in claim1 or 2 wherein said first olefin and said
second ol ef i WO%/58H8h 5 i ndependently one or both of ethyl en@coruspraggd ene.
6. The process as recited in claim1l wherein said polynerization with said
first active polynerization catal yst and said polynerization with said
second pol yneri zati n~cat? t are carried out sinultaneously. 10 7. The
process as recite ncl ar erein said first olefin and said second
olefin are the sa 8\ Aspr Ss for the polynerization of ol efins,

conpri sing, contactig der dgolynerizing conditions: (a) a first active
pol ymeri zation catal y®r foBrl5 said olefins which is a Fe or Co conpl ex of
a ligand of the feaseatatyd¥: md-rpwher @i mmol0aRl, 1 RZ man@d £R3 .ame each
|ndependentl¥ diogen %ydrocarbyl, substituted hydrocarbyl, or an inert
functi onal % ¥ and RS are each independentiy hydrogen, hydrocarbyl,
an inert functlonamrgtnmp of lksubstituted 25 hydrocarbyl: and R6 and R are

aryl or sybstitutﬁglﬁﬁy}, 4o 584end active polymerization catalyst for
said ol efins whic

contains one of nore.transition netals 30 (c) a |east
one first olefin capable of being &@ﬁ?ﬁéﬁ+§ed by said first active
pol ynmeri zati on catatyksyst ahd 3& mg R0~086 ¢thylwherei n: WO 99/ 50318 27
Sept enber 2002 PCT/ US99/0 9 (d) at | east one second ol efin capabl e of
bei ng pol yneri zed by ] active polynerization catal yst; and

provided that: 5 one orfboth d&f sqpd first olefin and said second olefin is

et hyl ene; one of id Wi o {zation catal ysts and said second
pol ymeri zati on cat St mlodtlices ol i goner of the formula RGCH=CHZ from
said ethylene, 10 in R6 is™W-dlkyl; and a branched polyolefinis a

product of said pol rizatio I Of e . 9. The process as recited in claim
8 wherein said fI?§¥n§¥%$l ﬂdﬁ %éécﬂﬂalblefln is ethylene, and 15

ot her pol yneri zabl e oleflms ar e not added. 10. The process as recited in
claim8 or 9 wherein s o ex 1s a Fe conplex and said first olefinis
ethylene. 11. The oc cit™d in claim8 or 9 wherein 20 said first
pol ymeri zati on cat ?% | ex and produces said oligoner. 12. The
process as recited cléﬂn1 cay d out in the gas phase. 13. A

pol ymeri aation cat conmponent, 25 conprising: (a) a first active

pol yneri zat i on Ca&@!:é@élg@i shixb-aipef bNe MRbEE AS; & Fe ly oS0 2cempl ex of a

| i gand of the formula:
in toluene

duration: 4 h
polymer: 3.926 g yield

15 Example 6

catalyst 1: 4 mg (0.006 mmol)
PN

| .
N

/ \
\é N —Co—N
cl Cl

catalyst 2: W440, from Akzo Nobel, 2.3 wt$% Ti,
12mg (0.006 mmole of Ti, based on wt%)
20 cocatalyst: PMAO-IP; 2.0 mmole Al; 1.0 mL of 2.0M
in toluene
duration: 4 h
polymer: 2.643 g yield

Example 7
25 catalyst 1: 3.5 mg (0.006 mmol)
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1.,~, .27 Septenber 2002 WO 99/50318 PCT/ US99/ 06769 R, RZ and R3 are each
i ndependent |y hydrogen, Hydrocarbyl, substituted hydrocar ByISeptember 2002r t
functional group: R4 and“R5 are each i ndependent |y hydrogen, 5 hydrocarbyl,
an inert functw@ogesgy oup or substituted hydrocarbyl: and R6 g4 %99,35.{39
aryl or substituted aryl: (b) a second active polynerization catQszt or
said olefins which contains one or nore transition 10 netals; (c) a

catal yst support: and (d) jonally one or nore polynerization catal yst
activators for one or §$ and (b). 14. The pol ynerization catal yst
conponent as 15 recited fn aifjm 1 erein one of said first

pol ynmeri zati on cat stNaﬂyF$zﬂ|I esond pol yneri zation catal yst produces an

ol i goner of the for R6giHTTHZ f said ethylene, wherein R6 is n-al kyl.
15. The pol yneri zati tal yst c¥nponent as 20 recited in claim 13 wherein
said second active p;%gnerization catal yst is a Ziegler-Natt

er .or
met al | ocene type p&RyABYERati on tHiralfyom Akgo I’T‘Fl'%elpol%rr?et""ltfa&i%nlgat al yst

conponent as mefitoedoisnmabaemodIrivherasienl sai dtspcond active 25

polyneri zation cat gl vgl oh o8 Zbfl o L Ay 2 TPLAIY HEP1E YR

pol ymeri zati on catalyst. 7. e polynérization catalyst conponent as
recited inSscladimtrdugiérein said support is alumina, silica or a

pol yol efin. 30 18. dhhatpehynerhzati on catal yst conponent as recited in
claim 13 wherein (d)..,is _prese and, . n al kyl al um num conpound. 19. The
pol ymeri zati on cat °%¥Fe%on%o§%%t ggj%égited in claim13 wherein said
second active 35 polynerization cat &#%28Ples8, transition metal conplex of a
bi s(car boxi m dam da;eRater. 1204 de(PAogRibZat i on catal yst conponent as
recited in claim 14 wherei id second active 40 a, . r 27 Septenber
2002 pol yneri zation cat transition nmetal conplex of a

bi st car boxi rni dam dat onape) .. 21f Agel yol efin containing at |east 2 ethyl
branche, at | east
branch per 1000 net
fewer than 5 nethyl pehes per §0 net hyl ene groups. 2Z. A polyolefin
cont ai ni ng'%about 20 to about 150 branches of the fornula - (CHsCFl2) aH
wherein n is an 10 datedget 8t 4 19 1OFPCHmB¢Lded t hat said pol yol efin has
Jesse than about 20 thyl ? ches per 100d net hyl ene groups, and provided
that a range of at S ee/PHhanches of differing n values are present.
23. The pol yol ef i NQCLX% claim 21 Which is 15 a honopol yet hyl ene.
24. The polyolefin ae e;ﬂ ed ifrclaim?22 which is a honopol ye t?~yl ene .
"r r 41 AM-ND~D SMEET' BHA~ :07-02-eu~::
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1000 s<Y10%00& () CRE2Yv¥#EBig> 3° &g )V -3106 mmo
CYH109HHE' () -: 3! (T Y#10% / & T)-: 311 Y#1098) 8) & ()-:3VIW Y I, "" #H#nK*
, " L3e' 10% & ()-/! (" L3e™yovd* 1> L3e' 10% " & ()-/
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cl Ci

“$109228& () - F! " s10%@@& () - F s10% n& () - F!
A6 &10%]& ()-! &LO%PP& ()-! &10% o' 0& (

N

cocatalyst: PMAO~IP; 1.0 mmol Al; 0.5 mL of 2.0M
10 in toluene

duration: 4 h

polymer: 2.231 g yield

Comparative Example E

catalyst: W440, from Akzo Nobel, 2.3 wt% Ti, 12
15 mg (0.006 mmole of Ti, based on wt%)

cocatalyst: PMAO-IP; 1.0 mmol Al; 0.5 mL of 2.0M

in toluene

duration: 4 h
polymer: 0.326 g yield
20 Examples 10-12
Propylene Polymerization General Procedure
The catalyst was weighed into a reaction vessel
and was dissolved in about 20 mL of distilled toluene.
The reaction was sealed and transferred from the drybox
25 to the hood. The reaction was purged with nitrogen,
then propylene. The MAO was then quickly added to the
vessel and the reaction was put under 35 kPa propylene.
Reaction ran at 0°C in an ice bath. The propylene was
then turned off and the reaction was quenched with
30 about 15 mL of methanol/HCl solution (90/10 volume %).
If polymer was present, the reaction was filtered and
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10% 0& ()-e/ffgh.ii
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'1@@!0 31 109& ()-10%&' ()-s, MLO%& ()-Z 10' o

1 3109xXX& ()-2!"
catalyst 2: 4 mg (0.006 mmol)

*310%- b-& ()-2i ]k
\—(

cocatalyst: PMAO-IP; 2.0 mmole Al; 1.0 mL of 2.0M
20 in toluene

duration: 5 h

polymer: 1.191 g yield

Example 12
catalyst 1: 3 mg (0.006 mmol)
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&mm
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N
l;\lr Ar %

Ar = 2,8-/-Pr-CqH 4 Ar= 2,6-/-Pr-CgHy
S:M=T, U:M=T, 2
T:M=2r, V:M=2Zr,

For preparation of: compound A see B. L. Small, et
al., J. Am. Chem. Soc., vol. 120, p. 7143-7144(1998);

5 compound B see Ewen, et al., J. Am. Chem. Soc., vecl.
110, p. 6255-6256(1988); compound C see European Patent
Application 416,815; compound D World patent
Application 98/27124; compound E World patent
Application 96/23010; compounds G, H, I and R were

10 purchased from Boulder Scientific company: compounds K,
P and 2 were bought from Strem Chemicals Inc.; compound
Q was obtained from Aldrich Chemical Co.; compounds 8,
T, U and V were made by procedures described in U. S.
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() - Rxx- 10%&' (Jorrenell @¥ROrpaReRe 19041 ¢ )CHRalipEryx 1209& 258 ROG-UR' (xx- 109& (
) - Rxx- 10%&' () 1 (r;>x/£- k@?é@ﬁpﬁ)esl?’ifﬁi@(@ﬁ&)cmrja@g&e( txgiﬁigvﬁ}g *%JO@% 10‘V§/§( 2( %%-
109%&' () - RIxx- 109 () RIXX- TOV&- [ |- RS, » Z2H#( S- 6F+. XXX~ X X- LTOY& o - 109/
()- R°/§<2<- 109%& () - Fb&-@ﬁ%ﬁ%@ a -%6@/&‘""8?- &3190"07&@‘?)“9#‘{‘?1% Tz‘gr‘z Yxx- 10%&' ()
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- Radkpu}i J+: SEIGHR @RAREk- 2698MP9~ R x {0t () TRAREADOBPYYEIB- BFoR’ () - Rxx-
109&' () - Rox- 10968 JinRaiabtex X~ 1098 £ )20l PAUR' (xx- 408&4 (YhdRxx- 10%&' () - Rxx- 1
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, 109&x- 1L0%& () - RYXX- 10%& XX- 109&' () - Rxx
S 109%& () - RxX- 0@ QUL EROR- YOSRE T FABENE SOLLAPISRI EFd R @ THRR™D - RS" * 2#( s- X
X-109%&' () - RXORELOPAR s(k),- ReEtowxa - A0 %ad [} (O)f- RER- hDYR, £ )4-Rxx- 109& () - Rxx- 10

%&f()'F“X'109@%5&é&@§&'%@%@5ﬁ¥iR If catalyst A was used, its toluene

25 suspension was syringe transferred to the flask. The
flask was capped with a rubber septa. Both the Hoke®
cylinder and the flask were brought out of the drybox.
Under nitrogen protection, the transition metal
compound solution was cannulated to the reactor. The

30 reactor was pressurized with nitrogen and then the
nitrogen was released. The reactor was heated to 70°C,
then, pressurized 2X to 690 kPa ethylene, venting each
time and finally pressurized to 970 kPa with stirring.
The MAO solution was added from the Hoke® cylinder at

35 slightly higher pressure. The ethylene pressure of the
reactor was then adjusted to the desired pressure
(Table 1). The reaction mixture was allowed to stir
for certain period of time (Table 1). The heating
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6940% & 8 *a%’g/i%%sa/éﬁ?ns éi?t@&/&w@&g )}clgBG(t:}‘degfi/%&uéé fﬂﬂaﬁﬂ"%’
69d40% & P " x 0 &
0000 & () - PI0NTES FERE RO (5L "B G 70 M vl Ao A2
6940% & (5) - Fte@mea%t&re) P Bh 008 & {)onATHROYTEOWSP BWE0®WI®WYY- z ?2+: S"*P
6OA0% & () - B EHAbPsget) 1B06HA e Sidnon? GYA0YEa (by PaBBOR6rt dld - P
6940% & () - bgnL c%ncp gé‘iOAj&hé)m stGLédi(?Lr/Pg&a(:) R‘II? for 25 min,

polymer was filtered, washed with methanol six times

and dried in vacuo.

10 Examples 18-76 (except Examples 22 and 23) and

Comparative Examples H-N

General procedure for making silica supported
catalysts: In a drybox, one of transition metal
compounds (but not A), and compound A (0.1 wt% in

15 biphenyl) and silica supported MAO (18 wt% in Al,
Albermarle) were mixed with 15 mL of toluene in a 20 mL
vial. The vial was shaken for 45 minutes at RT. The
solid was filtered, washed with 3X5mL toluene and dried
in vacuo for 1 hour. It was then stored in a freezer

20 in the drybox and was used the same day.

General procedure for gas phase ethylene
polymerization by the supported catalysts using a
Harper Block Reactor: In a drybox, supported catalysts
(5.0 mg or 2.0 mg each, except Example 20 where 15.0 mg

25 was used) were weighed in GC vials. They were placed
in a Harper Block Reactor. The reactor was brought out
of the drybox and was charged with 1.21 MPa of
ethylene. It was then placed in a 90°C oil bath for 1
h under 1.12 MPa of ethylene. The reactor temperature

30 reached B85°C after 23 minutes and 87°C after 35 min.
The temperature stayed at 87°C for the rest of the
reaction. (Time, temperature and pressure for Examples
in Tables 7-9, as noted.) Ethylene was vented.
Polymers were weighed and then submitted for 'H NMR

35 analysis(TCE-d;, 120°C) without purification. Details
of these polymerizations are given in Table 2-9.

In Table 10, the branching distribution [in
branches per 1,000 methylene (CH,;) groups] of the
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6940% & ()-P 6940% & ()-P 6%40% & ()-P 6%40% & ()-bB2+: S" 2P Septapbey 2002P
69%40% & ()-P 6%0% & ()-P 6%0% & ()- Aol EUGTUO" % _?+: S"*P 6940% & () P
694.0% & () - P Gskafnsts () - P 6940% & ()-P 6940% & ()-P 6%.0% & (her/usos/nstss

| $- 4@B?+: S"*P 6940% & ()-P 69%40% & ()-P 6%40% & ()-P

694.0% & () - Aol EUGTUO" %@FI NY' _2+: S"*P 6%.0% & ()P 6%40% & ()-P 60/&0% & ()-P
694.0% & ()-P 6940% & ()P 6940% & () - admubB?+: S"*P 6%4.0% & ( 0%

694.0% & () - P RSP YPeE5aBEs T % B350 6, 352 SI+PPBoq (BA%Y () P
694.0% & () - P v69utk0 thedef)niRe 8 VB Q% & wapm@mmw °c)-P Begbeds for a@+: S"*

ag(}/g G&%I 8 9'1%50%’1%8( ?he<@“9r{&§ir& isﬁc{d&@t&o@ a’f‘%'lg%%%@ df&%d

, <1#10% & () -PERALSAPP em@“(

s In all the Tables, where provided, branching
levels in the polymers, Me/1000CH, groups, methyl
groups per 1000 methylene groups in the polymer, are
measured by the method described in World Patent
Application 96/23010. 1In the Tables PE is

10 polyethylene, TON is moles of ethylene polymerized/mole
of polymerization catalysts (total of transition metal
compounds present) /h, Mn is number average molecular
weight, PDI is Mw/Mn where Mw is weight average
molecular weight, and P is ethylene pressure. The

15 PMAQ-IP used was 13.5 wt. % in toluene. The amount of
residual a-olefin in the polymer was estimated by y
NMR, by measurement of the vinylic proton signals of
the a-oclefin.
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Ex. No. | Total Me | Me | Et | Pr | Bu | Am | Hex and higher
15 10.5 0 |46} 0124} O 4.3
13 16 0 16510132} 0 6.5
26 6.9 0 {291 01]04] O 2.5
47 23 0 |186|l0147]| 0 10.7
49 8.1 0 |136]014113] O 3.1
5 Example 22

In a drybox, 1.7 mg Compound E and 1.0 mg Compound
A were mixed with 40 mL toluene in a Schlenk flask.
This was brought out of the drybox and was purged with
ethylene for 15 min at 0°C. MAO toluene solution (0.64
10 mL 13.5 wt %) was injected. The mixture was allowed to
stir under 0 kPa ethylene at 0°C for 12 min. Methanol
(100 mL) was injected, followed by 1 mL conc. HCl.
Upon stirring for 25 min at RT, the white solid was
filtered, washed with 6X20mlL methanol and dried in
15 vacuo. White solid (2.9 g) was obtained. 'HNMR in
TCE-d, at 120°C: 44Me/1000CH,. The polymer contained
a significant amount of a-olefins.
Example 23
In a drybox, 30.5 mg of Compound A was mixed with
200 30.5 g biphenyl in a 100 mlL Pyrex® glass bottle. This
was stirred in a 100°C bath for 25 minutes, during
which time Compound A dissolved in biphenyl to form a
deep green solution. The solution was allowed to cool
down to become solid. 2 0.1 wt% Compound A/biphenyl
25 homegeneous mixture was obtained.
Example 77
A 600mL Parr® reactor was heated up under vacuum
and then allowed to cool under nitrogen. 1In a drybox,
to a 300 mL RB flask was added 150 mL
36 2,2,4-trimethylpentane. The flask was capped with a
rubber septum. The flask was brought out of the
drybox. Under nitrogen protection, the
2,2,4-trimethylpentane solvent was cannulated into the
reactor. The reactor was pressured up with nitrogen
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10 wherein:

R', R? and R® are each independently hydrogen,
hydrccarbyl, substituted hydrocarbyl, or an inert
functional group;

R' and R® are each independently hydrogen,

15 hydrocarbyl, an inert functional group or substituted
hydrocarbyl; and

R® and R’ are aryl or substituted aryl:;

(b) a second active polymerization catalyst for
said olefins which contains one or more transition

20 metals;

(c; a least one first olefin capable of being
polymerized by said first active polymerization
catalyst; and

(d) at least one second olefin capable of being

25 polymerized by said second active polymerization
catalyst.

2. The process as recited in claim 1 wherein said
second active polymerization catalyst is a Ziegler-
Natta or a metallocene type polymerization catalyst.

30 3. The process as recited in claim 1 or 2 wherein
said first olefin and said second olefin are both
ethylene.
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4. The process as recited in claim 1 or 2 wherein
sald first olefin is ethylene.

5. The process as recited in claim 1 or 2 wherein
said first olefin and said second olefin is each

5 independently one or both of ethylene or propylene.

6. The process as recited in claim 1 wherein said
polymerization with said first active polymerization
catalyst and said polymerization with said second
polymerization catalyst are carried out simultaneously.

10 7. The process as recited in claim 1 wherein said
first olefin and said second olefin are the same.

8. A process for the polymerization of olefins,
comprising, contacting under polymerizing conditions:

(a) a first active polymerization catalyst for

15 said olefins which is a Fe or Co complex of a ligand of

the formula:

(I)

wherein:

20 Rl, R® and R® are each independently hydrogen,
hydrocarbyl, substituted hydrocarbyl, or an inert
functional group:;

R* and R® are each independently hydrogen,
hydrocarbyl, an inert functional group or substituted

25 hydrocarbyl; and

R® and R’ are aryl or substituted aryl;

(b) a second active polymerization catalyst for
said olefins which contains one or more transition
metals;

30 (c) a least one first olefin capable of being
polymerized by said first active polymerization
catalyst; and
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(d) at least one second olefin capable of being
polymerized by said second active polymerization
catalyst;

and provided that:

5 one or both of said first olefin and said
second olefin is ethylene;
one of said first polymerization catalysts and
sald second polymerization catalyst produces an
oligomer of the formula R“CH=CH2 from said ethylene,
10 wherein R®® is n-alkyl; and

a branched polyolefin is a product of said
polymerization process.

9. The process as recited in claim 8 wherein said
first olefin and said second colefin is ethylene, and

I5 other polymerizable olefins are not added.

10. The process as recited in claim 8 or 9 wherein
said complex is a Fe complex and said first olefin is
ethylene.

11. The process—as recited in claim 8 or 9 wherein

20 said first polymerization catalyst is a Fe complex and
produces saild oligomer.

12. The process as recited in claim 8 carried out
in the gas phase.

13. A polymerization catalyst component,

25 comprising:

(a) a first active polymerization catalyst for
said olefins which is a Fe or Co complex of a ligand of
the formula:

30
wherein:
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16. The polymerization catalyst component as

)-9
9

()-9
& ()-

recited in claim 14 wherein said second active

25 polymeraization catalyst is a Ziegler-Natta or a
metallocene type polymerization catalyst.

17. The polymerization catalyst component as
recited in claim 13 wherein said support is alumina,
silica or a polyolefin.

30 18. The polymerization catalyst component as
recited in claim 13 wherein (d) is present and is an
alkylaluminum compound.

19. The polymerization catalyst component as
recited in claim 13 wherein said second active

35 polymerization catalyst is a transition metal complex
of a bis(carboximidamidatonate).

20. The polymerization catalyst component as
recited in claim 14 wherein said second active
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branches per 1000 methylene groups.
22. A polyolefin containing about 20 to about 1S0
branches of the formula - (CH,CH;) H wherein n is an
10 integer of 1 to 100, provided that said polyolefin has
less than about 20 methyl branches per 1000 methvlene
groups, and provided that a range of at least three
branches of differing n values are present.
23. The polyoiefin as recited in claim 21 which i=
1S a homopolyethylene.
24. The polyolefin as recited in claim 22 which is
a homopolyethylene.
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